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LESSON NO. 1 

WHAT MAKES TELEVISION WORK? 

At two and one-fifth seconds after quarter past four in the afternoon, at Wrigley Field in Chicago, the 
batter connects with a fast one. In that same fraction of a second, although you may be hundreds of miles 
away, it is possible to see the hit, hear the crack, and watch the ball travel out, up, and over the wall for 
a homer. That's television! 

The television "signal" which lets you see and hear that play may have come through hundreds of miles 
of coaxial cable, and through amplifier after amplifier on the way. Always the signal has originated in a 
television camera and has passed through the vast complexities of a transmitter. From the transmitter antenna 
that unbelievably minute force which is the signal flies through space to the antenna of your television 
receiver. 

At your receiver the signal starts a whole train of events, with power building up higher and higher in 
paths which divide and subdivide, Finally, all but one of these paths come hack together at the picture tube, 
and there you see the swing of the bat and the flight of the ball. The one remaining path leads to the loud 
speaker, from which you hear the "smack" and the cheers of the crowd. The whole thing happens in little 
more time than it takes for light to travel from this page to your eyes. 

Nothing which ever came to pass in the world of science is more wonderful than television. A television 
receiver utilizes more different electrical principles than any other device you can think of. The ordinary 
television set contains four times as many tubes as an ordinary radio set. But it isn't the number of tubes 
which tells the real difference, for the television receiver employs all the principles found in sound radio and 
dozens of others which the radio man never has to think about. 

When you look at the top of a television receiver which has been removed from its cabinet you see quite a 
few tubes and a number of rather large parts, as pictured in Fig. 1-1. It is from underneath the chassis that 
you see most of the small parts, especially those which become familiar to every service technician. In Fig. 
1-2 we are looking at the underside of a 20-tube television set. This is a rather simple job, as receivers go, 
but in it there are 283 principal parts — not counting such minor things as wires, lugs, clips, insulators, 
mountings,screws,knobs,and all the other small parts. Eighty per cent of the principal parts are capacitors, 
inductors, and resistors of one type or another. 

The words capacitor, inductor, resistor, amplifier, signal, and all the other technical terms are part of the 
language of television. Soon this language will be yours. A little later one of your fellow technicians may 
ask, "What was wrong with that job?" And you will answer, "Well,the discriminator in the horizontal afc 
was out of phase and put a blanking bar right down through the pattern. Not only that, there was a leaky 
capacitor on the grid of the vertical sweep oscillator, and the picture wouldn't stop rolling." 

This television receiver,a scientific marvel whose working depends on the most delicate balances between 
forces great and small, brings forth living pictures and the accompanying sound at the flick of a switch and 
the turn of a dial — for anyone. Even a child can operate a modern television set. Still more remarkable, this 

A 



Fig. 1-1. On top of a television receiver chassis we find many tubes and most of the larger parts. 
(Courtesy Zenith Radio Corp.) 
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precision instrument is surprisingly tough. There is nothing the child can do with any of the front panel 
controls to put the receiver out of business. He can only throw it out of tune or out of synchronization. 

Sad to relate, however, the forces which carry the ball game to your eyes and ears can be jostled about 
in space until you see blurs, ghosts, flashes, herringbone patterns, and lots of other things which certainly 
aren't pictures. Even though the signal gets into the receiver without mishap it still has a long ways to go, 
electrically speaking. The final picture, if one exists, may be out of focus, off center, full of "snow", all 
twisted and torn, too dark, or, as the photographers say, nothing but soot and whitewash. This is where you, 
the service technician, come in. 

Now we don't intend to belittle the abilities of the radio service man, for reasons you soon will discover. 
A good radio service man has to know plenty. Servicing a radio is child's play, however, compared with 
servicing a television set. From the standpoint of the set owner this isn't so good. For one thing, it will be 
years before the supply of competent television technicians catches up with the need for them. If television 
sets continue to sell at the present rate of thousands every day, the need never will be fully satisfied. 

From the standpoint of your own self-interest this prospect is decidedly rosy. When a television set goes 
haywire it may mean merely a burned out tube, which anyone can replace. This remark, about "anyone" re-
placing a tube, would bring a smile from the man who knows television. Replacement in any one of at least 
half the positions has to be followed by a job of realignment before performance conies back to normal. A tube 
which checks OK on any number of tube testers may or may not work in a television receiver. A tube which 
fails in one position may be entirely satisfactory in another spot. 

Just to illustrate how trouble shooting really is carried out, let's assume that you are further along in your 
studies and are called to fix a set from which the sound is fine, but on the face of the picture tube there 
appears nothing but white, with some diagonal lines even whiter. Being a trained technician, you know instant-
ly that the sound section and the sweep section are working. Doubtless you would put a test signal on the 
antenna terminals or on the mixer tube, and check results at the video detector output. Were everything OK 
there you would check for the test signal at the picture tube input. There you might find no signal at all. The 
rest would be easy, for the fault is between the detector and the picture tube. Maybe it is a blown coupling 
capacitor, maybe something else, but easily located with your electronic voltohmmeter. 

The big point is that television servicing requires training of a very specia kind, and familiarity with 
highly specialized testing equipment. The result, naturally, is more money per job, or per hour or minute on 
the job. Maybe you already know about the " service insurance" offered for many high grade receivers. The 
cost per year, for fixing whatever may happen, runs from forty to seventy-five dollars. It goes up as the re-
ceiver grows older. This means that the average yearly service expense on every receiver has been figured 
by experts as forty to seventy-five dollars. The makers say that during the next twelve months at least two 
million new television sets will go into the hands of owners. Multiply sets by dollars — and remember, this 
is the increase for just one year. 

flow are we going to learn to give television service which makes the owners happy, and makes us pay 
more income tax? What is the road to be traveled between here and real proficiency? Our "road map" will 
appear in this and the following lesson. 

We have a lot of ground to cover. To travel the route in a reasonable time we must get into the actual 
practice of television without delay. Therefore, we shall not spend time just now on so-called theory and 
fundamentals, but rather commence learning how television works. Don't, however, get the wrong ideas about 
theory and basic principles. Many times you will encounter troubles which do not yield to any ordinary serv-
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Fig. 1-2. Underneath the chassis are the smaller parts with which the service technician is most often 
concerned. (Courtesy Motorola, Inc.) 
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Fig. 1-3. This is a rear view of a large screen television receiver using a vertical type receiver 
chassis. (Courtesy Admiral Corp.) 
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Fig. 1-4. One style of power supply which delivers a potential of 14,000 volts for the picture tube 
visible at the left. 

ice methods. Then an understanding of principles will save the day, for you can figure out what must be 
wrong, and will know what must be done for correction — even though it is " not in the book". 

There is just one preliminary warning. If you slight any part of any lesson you surely will get off the main 
road and have rough going. This may happen because you decide that some subjects are too easy, or that you 
already know all about them. No one knows everything about anything in television. You may know a lot, es-
pecially if you already are a radio man, but don't pass up the new information on new ways of doing things 
in television. 
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Ve are not going to learn to turn some certain adjustment to the left and another to the right by a turn and 
a half to accomplish some result. If the result shouldn't appear, as many times it won't, you must understand 
what really is happening in that particular circuit. We shall proceed on the assumption that if vou know how 
a thing should work you can fix it when it doesn't work. 

Now let's get down to business. Fig. 1-5 is a photograph of one of the television receivers with which we 
shall carry out many investigations. The biggest and most important looking part is the picture tube. Why do 
all the lights and shadows of an apparently living picture come and go on the face of that tube? 

Hoe PICTURES ARE FORMED 
The answers to why pictures appear on the television tube will explain the basis of television itself. As 

a preliminary we shall consider the problem which confronted the scientists who conceived the idea of send-
ing movingpictures by radio. They were up against these hard facts. A radio signal can be varied in strength 
only from one instant to another. Its strength cannot vary in two ways at the sanie time. During some partic-
ular millionth of a second the signal may be weak, in the following millionth of a second it may be strong, 
and at other instants may be of intermediate values, but the signal cannot be both strong and weak in the 
same instant. This is all right for transmission of music and speech, because sounds consist of changes of 
pitch and intensity which occur one after another. At any one instant there is only one kind of sound, and at 
that instant the radio signal need represent only that sound. 

But in a moving picture there are different changes of light and shadow occuring at the same instant in 
many places on the image. Some spots become lighter while others are getting darker, and still others remain 
unchanged — all at the same time. flow would you go about transmitting all these different but simultaneors 
changes with a radio signal which cannot possibly vary in more than one way at one time? 

The only possible solution for this problem has been known for more than sixty years. The solution is to 
divide the picture into parts so small that each consists of only a single shade or single degree of brightness. 
These tiny parts of the picture must be viewed one after another. Signals corresponding to the brightness of 
each small area must be transmitted one after another in time. Then, at the receiving end, all the parts, each 
with its appropriate brightness,mustbe assembled in the same positions they occupied in the original scene. 
This will reproduce the picture being viewed at the transmission end of the system. 

This first part of the solution gives us only one stationary picture. All the people and objects will be in 
fixed positions. To have movement in television pictures we utilizé the same method employed in motion 
pictures. You know that a motion picture consists of a rapid succession of still pictures. Each still picture 
shows the positions of people and objects at one instant of time. The next still picture shows the positions 
during a following instant, and so on. These still pictures, in the movies, are projected onto the screen at 
the rate of 24 each second. When we look at one of these pictures our eyes retain the impression for about 
1/15 second. Consequently, we see one picture until the next comes along. The slight changes of position 
of the people and other objects which occur between one still picture and the next one all blend together, 
and there is the illusion of movement. 

The ability of our eyes to retain the impression of a picture for a fraction of a second, called persistence 
of vision, is used in television just as in motion pictures. Complete pictures are formed on the television 
screen at the rate of 30 per second. That is, all the small areas of light and shade which form one "still" 
picture are reproduced in their correct positions and degrees of brightness during 1/30 second. g e continue 
to see that picture until another one is formed during the next 1/30 second. Then we see, or seem to see, 
all the smooth and continual movements that are occurring in the televised scene. 
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Fig. 1-5. The chassis and picture tube of a large screen television receiver. 
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Fig. 1-6. Television — vintage of 1928. The observer is looking through holes in a spinning Nipkow disc 
which divides the picture into many small areas. 

DIVIDING THE PICTURE 

Now to apply these principles in practice. To begin with we shall split the scene or its image into many 
small parts. The first step is to divide the picture into a great many horizontal lines. Fig. 1-7 shows this 
division. The football scene has been ruled off into 75 horizontal lines. In actual television reproduction the 
picture would be divided into about 500 horizontal lines, each much narrower than shown here. We commence 
with wide lines because it will be easier to see what happens. 

To examine the makeup of a single horizontal line we shall look at part of one which cuts through the num-
eral "30" on the jersey of one of the players. This portion of a line is seen more easily in lig. 1-8. By 
following along this line from left to right we observe that it consists of a series of shades: some black, 
some white, and a great many intermediate grays. Any other line or part of a line, is similarly made up of 
lights and shadows. 

Across the bottom of the picture is a horizontal scale whose divisions are each just as long from left to 
right as the vertical distance between lines in the picture. Were each picture line divided into sections of 
this horizontal length the areas would be squares. Each square would be predominantly black, white, or of 
some particular gray tone. At least, this would be the case were the lines of Icss height and the squares 
smaller than shown here, or were the lines of the size actually found in television pictures. This division 
of the picture brings us close to the final solution of our problems. 

In the television camera there is a lens and optical system almost exactly like those in high quality cam-
eras used by the ordinary photographer. An image of the televised scene is focused by the television camera 
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Fig. 1-7. Any picture or image may be divided into many narrow horizontal lines. 

onto a light-sensitive surface, just as an image is focused onto the photographic film in any other camera. 
The light-sensitive surface in the television camera is not a photographic film. Rather it consists of count-
less tiny photoelectric cells which produce electrical impulses proportional to the brightness of light in the 

focused image. 

The photocells in the camera tube deliver their electrical impulses only when they are affected first by a 
stream of electric particles (electrons) which is directed against the cells. This stream of electric particles 
is made to travel across the focused image along horizontal lines like those discussed in connection with 
Figs. i-7 and 1-8. In effect, the television camera looks along each of the image lines from left to right, and 
follows all the lines from top to bottom one after another. Thus the camera sees only rapid changes of bright-
ness. The television picture signal which originates at the sensitive surface in the camera then will vary 
according to these successive changes of brightness. The camera looks at only one small area of the image 
at any one instant, but it looks over the entire image during every 1/30 second of time. 
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Fig. 1-R. Every horizontal line, or part of ci line, consists of areas in which there is predomina ntly a single 
shade. 

The picture signal will arrive at the picture tube in your television receiver as fast as it originates in the 
camera. Now, undoubtedly, there are two big questions in your mind. First, how does this signal cause all, 
the changes of light and shadow which make up the picture during each 1/30 second of time? Second, how' 
are the lights and shadows distributed over the screen of the picture tube to appear in precisely the same 
positions they have in the original scene? To arrive at the answers to these questions it will be well to 
commence with an examination of the picture tube, and how it works. 

THE PICTURE TUBE 

%hen removed from its mountings a picture tube of one type appears as in Fig. 1-9. Underneath is one of 
the smallest tubes from the same receiver. The base of the picture tube is located at the left hand side in 
this illustration. Protruding from the base are a number of metal pins which allow making electrical connec-
tions to parts inside the tube. Attached to the base is a straight cylindrical glass section called the neck of 
the tube. The neck ends at the beginning of the flare, just above the little tube. The flare ends at the flat-
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Fig. 1 - 9. A picture tube and its smallest relative, the video detector tube. 

tened front face of the tube. On the inner surface of the face is the screen where pictures appear. 

The entire glass portion of the picture tube is called the envelope. The envelope is highly evacuated 
and tightly sealed. That is, almost every last trace of air and other gasses have been pumped out of the 
envelope. This leaves practically no pressure at all on the inside of the glass, while on the outside sur-
face there is the full pressure of atmospheric air, 14-7/10 pounds on every square inch of glass. The 
total excess air pressure on the outside of a 21-inch television tube is about six and one half tons. Need-

less to say, we handle picture tubes with great respect. - 

V( hen we look into the neck of our picture tube, as in lip. 1-1(1, we see several metal cylinders end to end, 
and numerous other small parts. Inside the cylinder which is nearest the base of the tube is a part called 
the cathode. The cathode is heated red-hot while the tube operates, and the heat causes particles of elec-
tricity to boil out of the cathode surface.This action is much like that in which particles of water in the form 
of vapor or steam come from the surface of any wet object which is heated. The particles of electricity are 

A 
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Fig. 1-10. Inside the neck of the picture tube are the parts forming the electron gun. 

electrons. We shall have a lot to do with the behavior of electrons, for they are all-important in television 
and radio. For the present it is enough to know that electrons are electricity : tself, and that they are forced 
out of the cathode by heat. 

As soon as an electron gets out of the cathode its natural inclination is to fall right back in again. But 
many electrons, before they can drop back into the cathode, are caught by a very strong force. This force 
results from electrical potential of the metal cylinders which are farther from the base of the tube. Poten-
tial commonly is called voltage because its strength is measured in the unit called a volt. Potential in 
house lighting circuits is usually between 110 and 120 volts. In the picture tube being examined there are 
potentials as high as 5,000 volts. In other common types there are potentials of 9,000 to 16,000 volts, and 

in a few picture tubes this electrical force exceeds 25,000 volts. 

Nlany electrons which have boiled out of the cathode are pulled away by the strong potentials in the picture 
tube. Not only are the electrons drawn away, they are accelerated to speeds which are beyond the imagina-
tion. By the time an electron gets through the parts in the neck of a picture tube it is traveling at more than 
50 million miles an hour. The part of the tube in which electrons are liberated and accelerated to such tre-
mendous velocities is, appropriately, called the electron gun. 



Fig. 1-11. Inside the face of the picture tube is the screen with the phosphor material which emits light 
when bombarded by flying electrons. (Courtesy Zenith Radio Corp.) 
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Fig. 1-12. Successive lines of lights and shadows are formed as the electron beam moves gradually 
downward on the screen. 

MIlions of electrons will be shot straight through the center of the picture tube to hit the center of the 
screen. The screen, which is facing us in Fig. 1-11, consists chiefly of a coating called the phosphor on 
the inside of the glass face of the tube. The phosphor material is similar to that used inside the long glass 
tubes of flourescent lamps which are commonly used in homes and places of business. It is a substance 
which glows brightly when struck by electrons. 

The stream of high velocity electrons hitting the center of the screen causes a small bright spot to appear 
there. During their travel through the tube these electrons have been drawn together or focused into a beam 
which produces a light spot only about 1/100 inch in diameter. The light spot may be made of any desired 
brightness by varying the quantity of electrons coming to the screen: The greater the number of electrons 
hitting the screen per second the brighter is the spot, Reducing the rate of arrival makes the spot less bright. 
Shutting off the electron beam leaves the screen dark. Thus it is possible to control a small spot to produce 
any degree of brightness, or even darkness. 

Now we have learned how brightnesr• may be varied on the screen of the picture tube. To form a horizontal 
line it is necessary only to vary the brightness while the spot being formed by the electron beam is made to 
travel from left to right. Any line may be built up with changes of brightness or of light and shadow. 

SWEEPING TlIE BEAM 

To form one complete picture the electron beam is first directed toward the upper left-hand corner of the 
screen. Then the beam is swept across the width of the picture space all the way to the right. During this 
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Fig. 1-13. The electron beam is bent or deflected as it passes through a space between two metal plates. 

travel the rate of flow of electrons in the beam is varied according to the picture signal coming to the tube. 
This variation produces such changes in brightness of the spot as to place at each point along thil one line 
the same degree of light or shadow that exists at the corresponding point on the televised image. The hor-
izontal line consisting of lights and shadows may be called a trace. 

To forma second line or second tracethe beam must again start from the left-hand side of the picture space, 
as may be seen from Fig. 1-12. But we don't return the beam itself from right to left along one of the broken 
lines in that figure. Such a return would cause a spot of light to move backward and form a faint white line 
between each two adjacent traces composed of picture lights and shadows. During the time it would take to 
bring the beam back to the starting point of another line the electron flow is shut ofe'We say that the beahi 
is blanked during the horizontal retrace period. Then, when the forces which control the sweep of the beam 
are all ready for the next line, the beam again is turned on and the light spot is formed. 

It is apparent that, between each pair of horizontal lines, the beam must move downward by an amount 
equal to the distance between luminous traces. When this is done, all the lines from top to bottom of the 
picture will be reproduced. 
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Fig. 1-14. The plates for electrostatic deflection are within the neck of the picture tube. 

After one picture has been completed, and the beam is at the lower right-hand corner of the picture space, 
the beam again is blanked. Then the forces which control vertical travel of the beam get all set to start a 
new picture in the upper left-hand corner, and there the beam is turned on. The time between shutting off the 
beam at the end of one picture and turning it on again at the beginning of the next picture is called a vertical 
retrace or a vertical blanking period. The action of forming one picture after another continues as long as the 
program lasts or until something happens which requires the help of a service technician. 

E3y the way, don't try too hard to remember all the television words and terms which we are using in these 
first few pages. As we proceed, you will meet these words so often that you can't possibly forget them nor 
—hat they mean. 

The light spot travels so fast that we do not see it as a spot, only as a line of light. Unless we are too 
close to the picture tube we don't even see the separate lines. And no matter how close we get it never be-
comes possible to see the separate pictures completed in only 1/30 second each. Persistence of vision lets 
us see only the complete scene with all its motion. 



Fig. 1-15. The yoke, containing magnet coils for magnetic deflection, is around the outside of the picture tube neck 
just back of the flare. (Courtesy Raytheon Mfg. Co.) 
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The beam and the spot travel all the way from left to right in about 53 millionths of a second. The 
period for horizontal blanking lasts about 10 millionths of a second. In forming one complete picture the 
electron beam travels from top to bottom of the picture space in about 15 thousandths of a second, and 
vertical blanking lasts for about 11/2 thousandths of a second. 

No doubt you noticed that this last statement, about the beam traveling downward in 15 thousandths of a 
second, hardly fits in with the formation of a complete picture in 1/30 second, for this time for a complete 
picture would be about 33 thousandths, not 15 thousandths of a second. The apparent discrepancy comes 
about in this way. Only every alternate horizontal line is formed during one downward travel of the elec-
tron beam. Then, on the next trip downward, the intervening lines are filled in. This is called interlaced 
scanning, a matter for discussion later on. We cannot cover all the little details in this preliminary talk 
about television - it isn't quite so simple. 

DEFLECTION METHODS 

There are two methods of deflecting the electron beam in a picture tube. One method is to pass the 
streams of electrons between two metallic plates arranged as in Fig. 1-13. These plates are inside the 
neck of the picture tube, just beyond the electron gun. Were you to connect the two terminals of an electric 
battery to the two deflecting plates the electron beam would be bent or deflected to one side in passing 
between the plates. Reversing the connections between battery and deflecting plates would bend the beam 
to the other side. The stronger the voltage from the battery the greater would be the degree of bending or 
the greater the deflection. 

Naturally, we don't deflect the beam in a picture tube by means of battery connections, partly because 
we need 15,750 horizontal deflections every second, This job requires various synchronizing tubes, sweep 
oscillators, sweep amplifiers, and other parts, all of which will be examined in due time. By varying the 
deflection voltage at a suitable rate it is possible to make the beam travel across the screen at just the 
right speed, and by suddenly reversing the voltage we accomplish the retrace between lines. 

This method of sweeping the electron beam and light spot is called electro-static deflection. The picture 
tube on the receiver of Fig. 1-14 employs electrostatic deflection. The deflecting plates and their con-
nections are inside the neck of the tube. 

The other method of deflecting the beam is with magnets. In the space near a magnet is a force which 
we recognize as attraction. It is this force that pulls a nail toward a magnet even while there is still an 
air space between the two. This magnetic force will exert a pull on electrons in the picture tube beam, 
and will bend or deflect the beam. Magnets used for deflection are electromagnets. They are made with 
pieces of iron around which are coils of insulated wire in which electricity flows. You can see small 
electromagnets in every door chime, bell, and buzzer. 

The deflecting magnet is placed around the outside of the neck of the picture tube, with the two poles 

of the magnet on opposite sides of, or above and below, the neck. Then the electron beam inside the tube 
travels between the magnet poles. By varying the rate of flow of electricity in the magnet coils, and by 
reversing the direction of flow,the electron beam and light spot are made to travel from left to right across 
the screen while forming a trace, and to start over again for the following trace. 

This method is called magnetic deflection or electromagnetic deflection. On the neck of the picture 
tube of the receiver in Fig. 1-15 is a set of deflecting coils. These coils are built irto a deflecting " yoke" 
which is supported around the tube neck just back of the flare. 
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A single pair of electrostatic deflecting plates may be used for sweeping the beam either horizontally or 
vertically. A second pair is required for the other direction of sweep. Similarly, a single deflecting magnet 
will sweep the beam either horizontally or vertically, and a second magnet is required for sweep in the other 
direction. 

HOW FAR WE HAVE TRAVELED 

Near the beginning of this lesson the language of television was mentioned. We have been talking it ever 
since. How many television words and terms do you suppose have been used up to this point? Count them in 
the list which follows. Look through the list and check the words which you could explain, at least in a 
very elementary way, to someone who knows nothing about this subject. If you check fifteen words you have 
done exceedingly well. 

We have talked about what might be called the beginning and the end of television, about the cam era and 
the picture tube. It has been taken for granted that a television signal picked up by the antenna on your re-
ceiver has gotten through to the picture tube in some manner still not explained. It is between the antenna 
and the picture tube that we find a majority of the parts with which we are most concerned in television ser-
vicing. In the following lesson we shall look at many of these parts and discuss their purposes 

Here is the list of technical words and terms which have already been used. 

Antenna Flare Realignment 

Resistors 
Blanking Bar Ghosts Retrace 

Capacitors Horizontal afc Screen 
Cathode Horizontal blanking Snow 
Chassis Sweep 

Inductors Sweep oscillators 
Deflecting magnet Interlaced scanning Sync 
Deflecting plates Synchronizing tubes 
Deflection Magnetic deflection 
Discriminator Mixer tube Trace 

Electromagnets Neck Vertical blanking 
Electron flow Video detector 
Electron gun Phase Voltage 
Electronic Phosphor Voltohmmeter 
Electrons Picture tube 
Electrostatic deflection Potential 
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FOLLOWING THE TELEVISION SIGNAL 

We have learned how a moving picture is formed on the screen of the picture tube in a television receiver. 
Now we shall learn what happens between the receiving antenna and the tube in order that a picture may, 
appear. This means following the signal through the receiver. First we must know a little bit about signals 
in general. Then, to understand the peculiarities of the television signal, we must determine what it is sup-
posed to accomplish by the time it gets to the picture tube. 

A television signal is only one of a great variety of radio signals which are being transmitted and re-
ceived everywhere at all times. Radio signals are employed for airplane control, for guidance of ships, for 
radar detection of objects beyond our sight, for experimentation and development by the radio amateurs, for 
communication with moving trains, trucks, and automobiles, and for other purposes almost too numerous to 
mention. We are most familiar with signals used for entertainment and education by means of sound alone 
in standard broadcast radio, in frequency-modulation or f-m radio, in international short-wave radio, and now 
in television where sight is added to sound. 

Any and every radio signal passing through space consists of forces called electromagnetic radiation. 
All we need to know about this radiation, just now, is that it produces exceedingly weak voltages in receiv-
ing antennas. These weak signal voltages must be strengthened in the receiver. About half the tubes in a 
television receiver are amplifiers, whose purpose is to step up the voltage of the signals. 

An amplifier works something like a faucet or valve in a water system. You may apply a small force to 
the handle of a faucet or valve and thereby control or regulate a flow of water capable of exerting much 
greater force.This likeness is so real that the English don't use the word tube, they call them valves. The 
faucet doesn't produce the force of the water, it merely controls the force. An amplifier tube doesn't produce 
voltage, but it does control the flow of electrons from other sources of voltage. 

There are other tubes which take power from electric lighting circuits in buildings and deliver this power 
in the kinds of electron flows and voltages needed for reception. It is these voltages which are controlled 
by the amplifiers. The voltage controlled by one amplifier may be used by a second amplifier to control a 
still stronger voltage. This process may be repeated a number of times, until zhe final controlled voltage is 
ample to operate the picture tube. It all begins with the very weak voltage induced in the antenna by the re-
ceived signal. 

The strong signal voltages delivered to the picture tube will be the final result of weak signals coming 
to the antenna. Consequently, to determine what is needed in the received signal we may make a list of 
things needed for control of the picture tube. You are well enough acquainted with the workings of a picture 
tube to write this list for yourself. Here are the requirements.. 

1. The rate of electron flow in the beam must be varied in order to form lights and shadows for pictures. 

2. The start of each horizontal sweep of the picture tube beam must occur at the exact instant of the start 
of a horizontal sweep of the beam in the television camera. Otherwise the light and dark spots on the screen 
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Fig. 2-1. Transmitting antennas of station WFMJ at Youngstown, Ohio. One of these Truscon self-supporting tower, is 346 

feet high. The other five are each 400 feet high. 
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15 
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Fig. 2-2. Each tube in the television chassis illustrated performs a function which is essen-

tial in the correct operation of a television receiver. Tubes 1, 2, and 3 are in the tuner which 

selects and amplifies the desired sound and picture signals. Tubes 4, 5 and 6 further amplify 

the picture and sound signals. Tube 7 amplifies only the picture signal, and tubes 8, 9 and 10 

amplify only the sound signals. Tubes 11, 12, 13, 14, 15 and 16 develop and amplify the volt-
ages necessary to synchronize and sweep the beam in the picture tube. Tube 17, which is 

under the shield can, provides the high voltage necessary to operate the picture tube, while 

tube 18 provides the necessary low voltages. 

of the picture tube would not be where similar light and dark spots exist in the televised scene or on its 
image in the camera tube. The picture would be thoroughly scrambled. 

3. The start of each downward travel of the electron beam in the picture tube must be precisely in time 
with the start of a downward travel of the electron beam in the camera tube. If this were not done you might 
see a man's head below his feet, or his body might be sliced in two anywhere in its height. 

4. There must be means for blanking the electron beam in the picture tube between horizontal traces, and 
for blanking the beam during the time between the end of one downward sweep and the beginning of the next 
one. Were there no blanking of the beam during retraces, the whole picture would be too light in shading, 
and it would be decorated with sloping white lines which don't belong there. 

A 
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Fig. 2.3. This is a Channel Master four-bay multiple-stacked antenna array 
for long-distance television reception. 
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Fig. 2-6. The portions of a composite telev.ision signal representing three horizontal 
traces and four hoiizontal blanking intervals. 

brightness. This picture portion of the signal may have to vary at a rate of nearly four million times a sec-
ond in order to have good reproduction of small details. 

2. Horizontal sync. In the television camera tube there is an electron beam which sweeps across the 
light-sensitive surface to activate the tiny photo-cells. In the picture tube we have an electron beam which 
sweeps across the screen to activate the phosphor and produce light. These two beams must remain pre-
cisely in time or in step with each other, always. 

G'Any two actions which are forced. to occur at the same instant and in the same manner are said to be syn-
chronized.This is a long word, so we abbreviate it to "sync", and pronounce the abbreviation just like the 
name of the sink you have in the kitchen. Sync, in the language of television, means synchronized, synchro-
nizing, synchronous, or any other word commencing with the letters s-y-n-c. 

Now we may give a naine to the voltages of the composite signal which time the horizontal sweep of ti e 
beam. These voltages are the horizontal sync pulses. They arrive right along with the picture signals, in 
between each two successive lines. Each horizontal sync pulse lasts for about 5 millionths of a second. 
That is enough to start the beam on its way. 
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MAX IMUM VOLTAGE HORIZONTAL SYNC PULSES 

WHITE 

ZERO 

VOLTAGE 

Fig. 2-7. The composite signal with horizontal sync pulses added. 

3. Vertical sync. The start of each downward travel of the picture tube beam must be precisely in time 
with the start of the corresponding downward travel of the beam in the camera tube. What would you call 
the composite signal voltages that control this starting? Naturally, you would call them the vertical sync 
pulses. The entire pulse of signal voltage which starts the beam on its downward travel lasts for about 185 
millionths of a second. 

Were you a service technician to whom the sync sectio n of a television receiver is being explained we 
would use a diagram such as that of Fig. 2-5. This is just a preview of the manner in which tubes, con-
nections, and other parts are shown in the written language of television. It is a schematic circuit diagram 
including the parts which take the sync pulses from the composite signal and deliver corresponding voltages 
to other parts which sweep the beam horizontally and vertically. Everything is shown by symbols. The circles 
represent tubes, with small lines inside to show the working elements. Zig-zag lines represent resistors. 
Pairs of short lines separated by an open space represent capacitors. A series of small horizontal lines 
growing shorter and shorter from top to bottom means a connection to the main body of metal in the receiver 
chassis; these are ground connections. The rest of the lines represent wires between the parts. 

The sync separator tube takes both horizontal and vertical sync pulses and some of the picture signal 
from the last of a string of amplifiers which have strengthened the entire composite signal. Then comes the 
sync amplifier, which strengthens the signal delivered by the separator. Next, the sync stripper gets rid of 
any portions of the picture signals which may have gotten through to this point. Finally, the sync limiter 
trims all the pulses to uniform strength and sends them to the filters. The filters separate the vertical and 
horizontal voltages which correspond to the original pulses. 

4. Blanking the beam. A few paragraphs back we learned that signal voltage applied to the control grid 
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of the picture tube will make the light spot brighter or dimmer. To shut off the beam entirely it is necessary 
only that the voltage applied to the control grid exceed a certain strength. Then the electrons cannot get 
through the grid at all, they cannot get away from around the cathode. Thus the beam is blanked. The period 
of blanking between each pair of horizontal traces lasts a little more than 11 millionths of a second. The 
blanking period between the end of one downward sweep and the beginning of the next one is al out 1/800 
second. 

In talkingabout the voltage of the con.posite television signal we don't use the words voltage or potential. 
We speak of various "levels". The value of voltage which is just sufficient to blank the beam is the blank-
ing level. It may also be called the black lev el, because this and any greater voltage will keep the beam 
shut off and leave the screen black. There is also a white level. When signal voltage reaches the white 
level we ha ve the brightest possible spot of light on the screen. 

5. Interlacing. The subject of interlaced scanning is something with which we need not concern ourselves 
yet. The portions of the composite signal which permit this action are ca lied equalizing pulses. They occur 
during 185millionths of a second preceding each vertical sync pulse, and again during an equal time period 
following each vertical pulse. 

In our discussion of the effect of signal voltages on the picture tube beam you may have wondered why a 
strongsignalvoltage blanks the beam, and a weak voltage causes the spot to become very bright. Well, this 
is the action we get with what is called negative transmission. Negative transmission is used in the United 
States and many other countries. Others employ positive transmission, with which a strong signal voltage 
makes a bright picture, and a weak voltage makes a dark picture. Our method reduces the chance for out-
side electrical interference to upset synchronizing of the beam, for reasons which will appear in tue time. 

THE COMPOSITE SIGNAL 

Before starting the composite television signal through all the parts of a receiver it will be helpful to 
have some simple way of representing on paper the changes of voltage which make up this signal. The 
easiest way is the one universally used by television technicians and engineers. It shows variations of 
voltage or signal strength by a line which rises to show increases and falls lower to show decreases. 

Fig. 2-6 shows how picture signals are represented. Here we have the signal for three successive hori-
zontal lines. The image is practically the same in all the lines, indicatiag little or no movement. At the 
left is marked the voltage level for blanking, which leaves the screen black, and also the level for tl e 
whitest possible trace. Even for this whitest trace there is some signal voltage, as is evident from the fact 
that the level for zero voltage or no signal is quite a ways below the white level. 

Time proceeds from left to right. That is, the left-hand end of this diagram represents a time earlier than 
the right-hand end. We commence, at the extreme left, w2:th the beam blanked — the signal voltage is at the 
blanking level. Then begins a horizontal trace. During this trace the signal goes first away down to the 
white level, making the spot very bright. Then the signal rises all the way to the black level. Next conies 
a drop of signal voltage, which would produce a light gray part of the trace. This is feillowed by a rise of 
signal voltage, for a dark gray portion. Finally, the sieal goes almost to the white level just before the 
beam again is blanked a t the end of this first complete trace. 

Forma tion of this first horizontal trace has taken up abut 53 millionths of a second. The following blank-
ing interval lasts for about 11 millionths of a second. Then comes another trace line, another blanking in-
terval, and so on. Our entire diagram, including three picture lines and four blanking intervals, shows what 
happens in about 200 millionths of one second. To show on the same scale what happens during only one 
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VERTICAL BLANKING PULSE i\ A 
Fig. 2-8. To this composite signal have been added the vertical sync pulses, equalizing 

pulses, and horizontal pulses which appear in the two vertical blanking intervals 
occuring during formation of one complete picture. 

second of time would require a diagram five thousand times as wide as this one. 

When we add horizontal sync pulses to the signal it may be represented as in Fig. 2-7. These pulses are 
increases of signal voltage above the black level. During each sync pulse the signal voltage rises from the 
black level to the maximum voltage of that signal, then drops back to the black level. The horizontal sync 
pulses occur during the intervals of horizontal blanking. 

For the present we shall not go on with an examination of vertical sync pulses, vertical blanking, and 
equalizing pulses. We have learned enough about the general form of the composite signal to talk intelli-
gently about its adventures between the antenna and the picture tube. 

FREQUENCIES 

There is just one more thing which should be looked into before taking up the parts of the receiver. This 
thing is the matter of frequency. It is almost impossible to talk about the performance of different parts of 
a television receiver without understanding frequency, for it is the difference between operating frequencies 
that is responsible for most of the differences in construction and electrical behavior. 
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When we speak of the frequency of an electric current or an electron flow we tell how many tintes per 
second the electrons move back and forth, or alternate. Probably you are able right now to look at some wire 
which is carrying current for a lighted electric lamp. Quite likely you know that the lamp is operating on 
what we call 60- cycle current, or, in some parts of the country, on 50-cycle or even on 25-cycle current. If 
your electric supply current is of the 60-cycle variety, the electrons are moving lengthwise of the wire and 
back again 60 times during every second. If you have 50-cycle current the electric particles (electrons) in 
the wire are moving one direction and back again 50 times per second, and so on for any frequency. 

Ifyouwatcha televisionreceiver which is tuned, for example, to channel 4, the electricity in the antenna 
wires and in the first tubes of that receiver is moving back and forth about 70 million titres a second. We 
say thatthe frequency is about 70 million cycles per second. Usually, when speaking of frequency, we don't 
say "per second". That part is understood. All frequencues are per second of time. 

Should yourtelevision receiver be tuned to channel 11, as another example, the frequency in the antenna 
and connected parts is around 200 million cycles. Televisan in the ultra-high frequency channels is carried 
out with frequencies between 500 and 1,000 million cycles. 

Possibly you have heard that electricity travelsat the speed of light. This is a common misunderstanding. 
It is not electricity or electrons in wires, but only the electromagnetic radiation of radio signals which 
travels at nearly the speed of light. Electrons in wires move at speeds you could easily match with a fairly 
brisk walking pace. If the electrons moved much faster they would generate so much heat that the metal of 
the wire would disappear in a flash of fire and a puff of vapor. 

Many a good electrician would doubt your statement that electricity merely walks through wires, but is 
easilyproven.As yet you aren't well enough acquainted with the behavior of electrons or electricity to fully 
understand the proof, but you can read the next paragraph to any doubter. 

First, the National Electrical Code prohibits a current of more than 15 amperes in rubber covered copper 
wire of number 14 gage size, the size used in most house lighting circuits. An ampere is a measure of rate 
of flow of electricity orelectrons, it is a rate of one coulomb per second. A coulomb is a measure of quantity 
of electricity, just as quarts and gallons are measures for quantities of liquid. In one coulomb there are 
about 61.4 millions of millions of millions of electrons. On the generally accepted assumption that for each 
atom in a substance there is one electron capable of moving about, in one foot of number 14 wire there are 
about 3 3/4 coulombs of such electrons. If all these electrons move along at only 4 feet per second, the 
flow rate is 15 amperes. This is a speed considerablyless than 3 milesan hour, and you can easily walk 4 
miles an hour. 

How about the movement of electrons when the frequency is 70 million cycles? Were you an electron, and 
couldn't move at a speed of more than 4 feet per second, and had to move back and forth 70 million times 
per second, how far would you move each time? You would merely stand there and vibrate. That's what the 
electrons do. 

Frequencydescribes the rate of back and forth movement not only of electrons in wires, but of many other 
things associated with television. Television signals are distinguished from other radio signals largely by 
differences in frequency. The frequency of a signal is the rate per second at which its forces change di-
rection. 

In a radio signal as illustrated by Fig. 2-10 there are two forces. One is the same kind of force which 
exists in the space around a magnet, it is magnetic force. The other is the same kind of force that allows 
a piece of sealing wax to pick up a bit of paper after the wax has been rubbed on a woolen cloth, and is 
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Fig. 2-9. Television channel frequencies in the low-band and high-band ranges, channels 
numbered 2 through 13. 
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Fig. 2-10. Magnetic and electrostatic forces in a television signal act at right angles to 
each other and to the direction of signal travel. 
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Fig. 2-11. This is one type of television generator such as used by service technicians 
to supply all television frequencies during adjustment of receiver parts. 

the kind of force that causes a tiny spark to jump from your fingertip to a radiator or water pipe after you 
have dragged your feet across a carpet. This is electric force or electrostatic force. Because the radio sig-
nal consists of both electric and magnetic forces we call it e:ectromagnetic radiation. 

When the kind of radio signal used for television is traveling east, its electric force acts alternately 
toward the north and the south, while its magnetic force acts alternately up and down. The number of times 
per second at which these electromagnetic forces go through a complete change of direction, as from north 
to south and back to north again, is the frequency of the signal. 

It is the electric or electrostatic force in a television signal that acts on the receiving antenna. This 
force induces voltages in the antenna. These voltages reverse, or alternate, in time with the signal force. 
The frequency of the signal voltage induced in the antenna is exactly the same as the frequency of the 
signal itself. Signal voltages induced in the antenna cause movements of electrons in the wires and other 
metallic parts of the antenna. The electrons vibrate back and forth at exactly the frequency of the induced 
voltage, and at exactly the same rate as the signal force. Then, in the antenna, we have current or electron 
flow at the signal frequency. 

ban earlier paragraph it was mentioned that frequency is measured in cycles per second. A cycle is any 
series of actions which repeats over and over again. If it is your habit to get up in the morning, eat three 
meals during the day, go to bed, and get up the next morning, that completes one cycle of eating and sleep-
ing. When the electric force in the television signal acts in one direction, then in the opposite direction, 
and returns to the first direction, it has completed one signal cycle. When electrons in a wire start from 
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Fig. 2-12. A tube which delivers radiation at frequencies of hundreds of billions of 
megacycles. It is an X-ray tube for operation at 220,000 volts. 

some certain position, move as far as they have time for in one direction, then in the opposite direction, 
and return to the starting point, they have completed one cycle of electron flow or one cycle of alternating 

current. 

Most electric power and light systems carry voltages and currents which alternate at 60 cycles per second. 
This is the most common power frequency. When a loud speaker or other vibrating object causes particles 
of air to vibrate at frequencies between about 50 and 10,000 cycles per second the vibration affects our 
ears as sound.Somepeople can hear sound frequencies as high as 15,000 cycles, and a few have ears which 
respond at frequencies approaching 20,000 cycles. These frequencies between about 50 and 20,000 cycles 
per second are ca lied audio frequencies, because they are audible as sound. 

Frequencies measured as thousands of cycles per second usually are specified in kilocycles. Ore kilo-
cycle is equal to 1,000 cycles. Kilo-, as a prefix, always means 1,000 times the unit. A frequency of 150,-
000 cycles may be called a frequency of 150 kilocycles. Radio signals in the neighborhood of 125 to 400 
kilocycles are used for guidance of ships and planes. Radio frequencies between 550 and 1,600 kilccycles 

are used for standard broadcasting. 

Still higher frequencies usuallyare specified in megacycles. One megacycle is equal to one million cycles 
per second. Mega- is a prefix meaning one million times the unit. A frequency of 5 megacycles is one of 
5,000,000 cycles per second. Short-wave radio communication and broadcasting are carried out at frequencies 
between about 2 and 300 megacycles. Frequency-modulation or f-m radio uses signal frequencies from 88 to 
108 megacycles. Television channels number 2 to number 6 carry signals at frequencies between 54 and 88 
megacycles. (Channel 1 no longer is used for television broadcasting) Channels number 7 through 13 carry 

television signals at frequencies between 174 and 216 megacycles. 

At frequencies around 100 million megacycles we have radiant heat, the kind that comes from the sun to 
the earth through 93 million miles of completely empty space. When the frequency of electromagnetic radia-
tion reaches the range around 500 million megacycles it affects our eyes as light. When such radiation is at 
frequencies between 100 billion megacycles and 100,000 billion megacycles we have industrial and medical 
X-rays. This last frequency means the astronomical number of 100,000,000,000,000,000,000 cycles per 
second, which is something to think about. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 2 - Page 15 

ANTENNA 

INTERMEDIATE-

FREQUENCY 

AMPLIF IER 

POWER 

SUPPLY 

SECTION 

ELECTRIC LINE 

VIDEO 

(PICTURE) 

AMPLIFIER 

e I SOUND 
SECTION 

SOUND SIGNAL 

PICTURE SIGNAL 

SYNC 

SECTION 

LOUD SPEAKER 

PICTURE TUBE 

SWEEP VOLTAGES 

OR CURRENTS 

VERT ICAL 

SWEEP 

SECTION 

HORIZONTAL 
SWEEP 
SECTION 

Fig. 2-13. The principal parts of a typical television receiver in the form of a block 
diagram, with arrows indicating the signal paths. 
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Fig. 2-14. One type of Tricraft television antenna for reception at all the channel 
frequencies in the low-band and high-band ranges. 

SIGNAL PATHS IN A RECEIVER 

Fig. 2-13 shows the paths of television signals through the principal parts or sections of a typical tele-
vision receiver. The signal flying through space is picked up by the antenna and carried through wires to 
the tuner of the receiver. The television antenna may be of the outdoor type, supported on the roof or a 
chimney of the building in which is the receiver. One style of outdoor antenna is pictured in Fig. 2-14. 
Outdoor antennas of many designs are familiar sights wherever television signals are available. 

In the earlier days of television it was possible to spot the location of every receiver, for, extending 
above the building housing the set would be an outdoor antenna. In England, where you pay a tax for the 
privilege of owninga radio or television set, the tax collector had an ea sy time. But as television receivers 
became more highly perfected and more sensitive the signals could be picked up by indoor antennas pro-
vided the receiver were only a few miles from the transmitter, and if other conditions were suitable. One 
type of indoor antenna is illustrated by Fig. 2-15. In some of the more recent television receivers the an-
tenna is built into the cabinet. Then, if conditions are favorable, the only external connection to the re-
ceiver is the one from the electric power line. 

The type of antenna required depends on these three things: First, the distance between receiver and 
transmitter. Second, the presence or absence of obstructions between receiver a nd transmitter. Thirl, the 
sensitivity of the receiver or its ability to operate from weak incoming signals. 
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Fig. 2-15. A Vidiette indoor television receiving antenna with a unit allowing 
adjustment for different channels. 

Signals at the high frequencies used for television and f-m radio transmission don't behave like those at 
the much lower frequencies of standard broadcast and international short-wave radio. When the lower-
frequency radio signals leave a transmitting antenna they may be reflected back and forth between the 
surface of the earth and a layer of electrified gases high above the earth, and they can change direction to 
some extent when passing from one region to another in the atmosphere and when getting past the edges or 
corners of obstructions. In this manner these signals may travel thousands of miles to a receiver. 

Quite different is the behavior of the very high frequency television and f-m signals. They act like the 
beam from a powerful searchlight, traveling only in perfectly straight lines, with only weak reflections from 
solid objects, and with rapid loss of strength as they travel away from the transmitting antenna. 

The farther apart are the television transmitter and receiver the higher must be the trapsmitting antenna, 
the receivingantenna,or both, in order that the signal may pass from one to the other without meeting insur-
mountable obstructions alongthe way. This fact has made Mount Wilson, near Los Angeles in California, the 
world's greatest centerfor television transmission. Transmitting antennas on Mount Wilson are almost 6,000 
feetabove the level of nearby towns and cities. Signals reach receivers 100 miles away with good strength, 
and when everything is favorable the signals travel even farther. 

The usual way of insuring good reception at distances greater than 20 to 25 miles between transmitter 
and receiver is to put up a rather elaborate antenna, or to raise the antenna higher in the air, or do both. 
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Fig. 2-16. A turret tuner of the kind used in a number of television receivers. 

The limit of complexity in receiving antennas for the ordinary installation is on the order of the four-bay 
stacked array pictured back in Fig. 2-3. If you cannot get satisfactory signal strength from an antenna of 
this general style, mounted as high as is practicable, you are beyond the range for good reception. 

The tuner of the television receiver is the part operated by the dial or pointer which you turn when selec-
ting the channel on which you wish to look and listen. A tuner, in radio and television, is the part of the 
receiver which selects from all the signals reaching that receiver just the one in which you are interested, 
and rejects all de others. The tuner of any television receiver, of any f-m radio receiver, and of every 
superheterodyne radio receiver for any class of service does other things too. But let's stick to the tuning 
functions here in the beginning. 

%hen talking about tuning for television and f-m radio we should consider the antenna, the tuner itself, 
and the connection between them as a single electrical assembly. This is because a lot of tuning or a lot 
of signal selection may be accomplished by suitable design of the antenna. 

For every signal frequency there is one particular length of the horizontal rods or metallic tubes of the 
antenna which allows maximum pickup at that frequency. There are types of antennas which "peak" quite 
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Fig. 2-17. The turret and two of the tuning strips. 

sharply for one signal frequency. But we seldom employ these types because it is highly desirable to use 
onlya single antenna, or at most two antennas mounted together, for all the signals to be received. We can, 
however, make this single antenna or dual antenna of such design as to be responsive throughout the entire 
television frequency band (of Fig. 2-9) and unresponsive to oth er transmissions at higher and lower frequencies. 

If the antenna delivers to the tuner all the television signals which are reaching your locality at a given 
time, and does not bring in too many other unwanted signals or electrical impulses, this is all we ask of the 
antenna. Then it is the work of the tuner to make the final selection of the one signal or one program which 
you wish to receive, and to get rid of everything else so far as possible. 

The tuner is the most intricate single part of the television receiver, at least from the standpoint of mechan-
ical construction. The tuner is not so wonderful in its action as is the picture tube, but easily rates second 
in interest. Tuners are made in a great variety of mechanical designs. Fig. 2-16 shows what is called a tur-
ret construction. Inside the cylindrical metal " cans" on top of this unit are two tubes. Inside the rectangular 
can is a combination of capacitors, inductors, and resistors which handle part of the work of signal selection. 

The part of this tuner which allows you to pick the desired channel is shown by itself in Fig. 2-17. This 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 2 - Page 20 

Fig. 2-18. Another type of television tuner. Here the tuning is by means of adjustable inductors. 

is the turret. The tuning knob is placed on the outer end of the long shaft so that you may rotate the tuff et. 
For each channel the inductors and capacitors on one lengthwise section of the turret are thus electrically 
connected to the tubes on top. Two of the strips which carry these inductors and capacitors are shown below 
the turret. 

You must have noticed that inductors, capacitors, and resistors have been mentioned many times. Yet their 
purposes and actions have hardly been touched upon. This is because these subjects are too big and too 
extensive to get into before you appreciate the real importance of these three kinds of units in every part of 
every receiver. If you knew all that a service technician needs to know about inductors, capacitors, and 
resistors, you would have mastered a large percentage of the practice of servicing. 

Fig.2-18shows a different type of tuner. The mechanical construction is wholly unlike that of the turer in 
Fig. 2-16, and the electrical action is decidely different. Yet, were you to feed certain signals from an an-
tenna to one of these tuners you could have from the tuner output exact! y the same signals as produced in 
the output of the other tuner with the same input signals. 

Vie haven't gotten very far in following the television signal through the diagram of Fig. 2-13, but maybe 
far enough for one session. In the "next lesson we shall continue along with the signal, and talk about some 
of the things which happen to it, about some of the problems encountered, and how they are solved. 

A 
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To the tuner of the television receiver are delivered all the signals which are reaching the antenna. Then 
the tuner goes to work. 

First, the tuner selects the composite and sound signals for the one channel to which you have tuned the 
receiver at that particular time. 

Second, the tuner strengthens or amplifies these selected signals and weakens all others. 

Third, the very high frequencies of the selected and amplified signals are changed to lower frequencies 
atwhich further amplification may be more easily and efficieutly carried out in parts of the receiver whi-A 
follow the tuner. 

To perform these three jobs the tuner may utilize two, three, or even more than three tubes in connection 
with many otherparts. However, the very first function of the Liner, that of signal selection, is not performed 
by tubes atall. An amplifier tube has no power of selection, it amplifies whateer signal you give it. Signal 
selection is accomplished by parts which are connected in between the tubes. These parts are couplers. 

A coupler is a device for transferring signal voltages from the output side of one tube to the input side of 
a following tube, or for transferring signal voltages from be antenna connections to the input of the first 
tube. There are many possible ways of handling this signal transfer, there are accordingly many types of 
couplers and many different designs for each type. At the left in Fig. 3-2 is one style of tuned transformer 
coupler. At the center is one kind of tuned impedance coupler. The screws sticking out from the tops of 
these two couplers are service adjustments which permit you to select the frequencies at which there is 
most effective signal transfer. These screws move a part of the coupler called its core. A core, with its 
adjusting screw, is pictured at the right. 

.hen a coupler is adjusted or tuned for signals of some one frequency or a small range of frequencies it 
allows signals at these frequencies to pass through with the greatest of ease. Signals at all other frequencies 
meet with greatopposition and are decidedly weakened. The signals for which couplers are adjusted or tuned 
pass from one amplifier tube to another, becoming progressively stronger. The opposition of the couplers 
to unwanted . nals is so great that these other signals become weaker and weaker as they go through one 
coupler after another, in spite of the amplification applied by the tubes. 

V•ith signal selection taken care of by couplers only two things remain to be done by tubes in the tuner. 
These are, first, to strengthen or amplify the selected signals, and second, to change the signal frequency. 

The wires which bring signals from the antenna to the tuner lead first to a coupler. The other side of this 
antenna coupler is connected to the first tube in the tuner. This tube is a radio-frequency amplifier. Its pur-
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Fig. 3-1. This turret tuner employs three tubes. Two are exposed, one is inside a cylindrical shield at the left. 

pose is to strengthen or amplify signal voltages coming to it from the antenna coupler. As a rule there is 
only one radio-frequency amplifier tube, although some receivers have two. 

Signal voltages from the output of the radio-frequency amplifier tube go through a second coupler and to 
the input of another tube called the mixer. This is the tube in which the very high frequencies of the received 
signals are changed to lower frequencies for additional amplification farther along in the receiver. 

This cha nge of frequency is brought about by feeding into the mixer tube, right along with the signal volt-
ages, another voltage whose frequency is 20 to 40 megacycles higher than frequencies of the received signal. 
When voltages at the two frequencies combine in the mixer tube the result is other voltages at frequencies 
equal to the difference. For example, were the frequency of a received signal to be 70 megacycles, and were 
the frequency of the additional voltage applied to the mixer to be 95 megacycles, the output of the mixer 
tube would contain a new voltage having a frequency equal to the difference, or to 25 megacycles. This 
difference frequency is called the intermediate frequency, because its value is in between the frequencies 
of the received signal and the frequencies finally delivered to the picture tube and the loud speaker. Signal 
voltages at the intermediate frequency are amplified in the following parts of the receiver. 
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Fig. 3-2. Two types of couplers and an adjustable core used in these types. 

Voltages at the intermediate frequency vary in precisely the same manner as voltages in the signal from 
the antenna. Therefore, these intermediate-frequency voltages contain picture signals, a blanking level, 
sync pulses., and all other characteristics of the original signal. There are also intermediate-frequency volt-
ages varying in the same manner as the television sound signal at the antenna. 

The additional voltage applied to the mixer tube, the volta ge whose frequency is 20 to 40 megacycles 
higher than the original signal voltages, comes from a radio-frequency oscillatcr or a local oscillator as it 
is sometimes called. An oscillator, of any kind whatever, is a tube or part of a tube producing voltages 
which rapidly change their direction. We would say that an oscillator produces a lternating voltages a nd ac-
companying alternating currents. An alternating current is the kind which exists when electrons vibrate back 
and forth in wires and other parts. 

Although the tubes in the tuner have to perform three joks, we don't have te ha ve three separate tubes. 
In order to save space, cut down the number of wiring connections, and provide manufacturing economies, 
all the internal parts needed for doing two different things way be built into a single tube. in a single tube 
there may be two radio-frequency amplifiers, with the output of one fed to the input of the other. In a single 
tube we often have both the mixer and the oscillator for television. 
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Fig. 3-3. The underside of the tube shelf of a television tuner. 

If you are familiar with broadcast receivers for sound radio you will recognize that in the television tuner 
we have tubes and couplers performing just like tubes and couplers in the "front end" of any superheterodyne 
receiver. In every superheterodyne receiver the voltage of the received sound signal is amplified by one or 
more radio-frequency amplifier tubes. The oscillator of the superheterodyne produces voltages at a different 
frequency. The signal and oscillator voltages are combined in a mixer or converter tube, and the result is 
signal voltages at an intermediate frequency suitable for further amplification. 

The parts of a television receiver which handle the composite signal and the sound signal employ exactly 
the same principles found in ordinary superheterodyne sound receivers. Although the principles are the same, 
frequencies are so much higher in the television receiver that we find constructions and performance decid-
edly different than in sound receivers. After the television sync pulses are separated from the composite 
signal, and we follow these pulses through the sync section and sweep section of the receiver, even the 
principles are unlike anything found in sound receivers. 

Let's pause here for just a few moments to add more items to our television und radio vocabulary. First, 
the term radio-frequency is so long that we abbrevia te it to the letters r- f. Then, instead of speaking of a 
radio-frequency amplifier or oscillator we talk about r-f amplifiers and r-f oscillators. Intermediate-frequency, 
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another long term, is abbreviated to the letters i-f. Later we shall have much to do with such things as if-
amplifiers. 

Units of frequency greater than cycles nearly always are abbreviated. Kilocycles are abbreviated to kc. 
Megacycles are abbreviated to mc. Instead of writing 20 megacycles we write 20 mc, and so on. 

When the composite television signal and the televisicn sound signal leave the mixer tube of the tuner 
these signals are at intermediate frequencies. To distinguish between these intermediate frequencies and 
the original signal frequencies at the antenna it is common practice to speak of frequencies coming to the 
antenna and existing in the antenna as carrier frequencies. They are the frequencies at which the signals 
are carried through space. 

In talking about the portion of the television signal which contains the piccure variations, sync pulses, 
equalizing pulses, and everything except the television sound, we have been using the term " composite 
signal". It is more usual to call this the video signal. Then the remainder of the complete television signal 
is called the sound signal. 

By using these new words we may easily identify the frequencies of four signals which are highly important 
in our work. Fig. 3-4 shows where these frequencies are fouad. Tubes are here represented by circles, coup-
lers by rectangles. We have the video carrier frequency, which is the frequency around which centers the 
video(composite)signal formed at the antenna and going as far as the mixer tube in the tuner. There is also 
the sound carrier frequency, the frequency around which ceaters the sound signal reaching the antenna, and 
which goes as far as the mixer tube. Then, following the mixer tube, we have the video intermediate fre-
quency and the sound intermediate frequency, which are the frequencies around which center the video sig-
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Fig. 3-5. Separation of sound and video signals immediately following the mixer. 

nais and the sound signals after they leave the mixer tube. 

This talk about some signals being carried by others, and about some frequencies centering around others, 
may be a bit confusing. To make a complete explanation would take us deep into the subject of modulation, 
for which we are not quite ready. By means of the process called modulation it becomes possible fora sig-
nal at some relatively low frequency to ride along on another signal at higher frequency. The reason for employ-
ing modulation is that high frequency signals are easily transmitted through space, while low frequency 

signals are not. 

You really are quite Luniliar with the effects of modulation. % hen you tune the dial of a standard broadcast 

receiver for some certain station you turn the pointer to a number which corresponds to kilocycles of carrier 
frequency used by that station. These carrier frequencies range all the way from 550 to 1,600 kilocycles. 
Yet you listen to voices and music at audio frequencies, which are between 50 and 5,000 cycles as they 
come from the speaker of an ordinary set. These relatively low audio frequencies have been carried through 
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Fig. 3-6. Both the sound and the video signals may go through several i-f amplifiers before the two signals 
are separated. 

space by the much higher carrier frequencies. The carrier frequencies originally were modulated with the 
audio frequencies back at the radio transmitter. In your receiver the carrier is demodulated, which means to 
separate the sound frequencies so that you may listen to them. 

THE INTERMEDIATE-FREQUENCY AMPLIFIERS. In the output of the mixer tube we have the video 
intermediate frequency and the sound intermediate frequency. In all early television receivers the signals 
at these two frequencies were separated from each other as soon as they came from the mixer. This method 
is represented in Fig. 3-5. Signals at the video intermediate frequency then pass through the video i-f am-
plifiers, and signals at the sound intermediate frequency pass through an entirely separate set of sound i-f 
amplifiers. Many of the newest television receivers still employ this method. 

You should note that in this diagram, and in others to follow, the output of one amplifier tube is not con-
nected directly to the input of the following tube. Rather the connection from one tube to the next is made 
through a coupler in every case. 

After the sound i-f signal has been amplified by as many sound i-f amplifier tubes as may be used in the 
receiver this signal goes to the sound detector or sound demodulator. The detector or demodulator separates 
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Fig. 3-8. An oscilloscope trace showing a vertical blanking interval and vertical sync pulse. 

these amplifiers the video signal goes to the picture tube. 

Still later in the development of television there appeared many receivers in which both the video and sound 
i-f signals pass together through one or more i-f amplifier tubes, but not through all the i-f tubes. This is 
shown by Fig.3-6. At some point along the string of i-f amplifiers the sound i-f signal is separated from the 
videoi-f signal. The video i-f signal then goes on by itself through remaining video i-f amplifiers, while the 
sound i-f signal passes through one or more separate sound i-f amplifier tubes. This method too still is fol-
lowed by many of the newest receivers. 

In a great number of recently designed receivers both the video i-f and sound i-f signals pass together 
through all the i-f amplifier tubes, and both signals enter the video detector. Now, for the two frequencies 
of these two signals, the video detector acts as a mixer tube. Just as the mixer tube back in the tuner pro-
duces an output frequency equal to the difference between frequencies of the carriers and the r-f oscillator, 
so the video detector now delivers in its output a signal frequency equal to the difference between video 
and sound intermediate frequencies. The signa 1 at this difference frequency from the detector still is mod-
ulated with the original sound signal, it carries the sound signal. This method is illustrated by Fig. 3-7. 

In the output of the video detector of Fig. 3-7 there is a lso the complete video i-f signal which carries 
the pictures, sync pulses, and so on. At some point following the video detector the sound signal is separated 
from the video signa 1. The sound signal then goes through an additional sound amplifier to a sound detector 
or demodula tor, while the video signal goes to the picture tube. The separation of sound from video may be 
immediately following the video detector, but more often this separation is made only after both the video 
and sound signals have passed through one or more additional amplifier tubes. 

This method last described is called the intercarrier sound system. The frequency of the sound signal, 
as finally separated from the video signal, is the same as the difference between sound carrier and video 
carrier frequencies coming to the antenna. This difference always is 4.5 megacycles, regardless of the chan-
nel to which the receiver is tuned. 
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Fig. 3-9. Forms of signals in parts of the receiver following the video detector. 

TELEVISION SOUND. As mentioned in an earlier lesson, the television sound signal is frequency modu-
lated.This signal for television sound is of the same form as the frequency-modulated sound signals coming 
to the a ntennas of f-m sound receivers which are in common use. This f-m sound signal goes through the 
television tuner just as through the tuner of an f-m sound receiver, and comes from the mixer as a frequency-
modulated i-f signal. Then, in the television receiver, the f-m sound signal proceeds right along with the 
video i-f signal until reaching the point of sound takeoff. The sound takeoff is merely another coupler, ad-
justed or tuned to the sound intermediate frequency so that this frequency passes easily through the takeoff 
while video signals are opposed and are kept out of the sound amplifiers. 

The sound i-f amplifiers of Figs. 3-5 and 3-6 are similar to the i-f amplifiers man f-m sound receiver, as is 
alsothe single sound amplifier of Fig. 3-7. The sound detectors or demodulators are exactly like those used 
in f-m sound receivers, and the audio-frequency amplifier section of the television set is like the audio-
frequency system in any sound receiver. 

Because of this similarity between television sound systems and f-m sound receivers we shall defer further 
examination of television sound for the time being. Just now we are interested in following the video signal, 
for it is in what happens to this signal that we find the great differences between receivers for television 
and those for sound alone. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 3 - Page 11 

LOOKING AT SIGNAL VOLTAGES.Rhile following the signal through remaining parts of the television 
receiver it will be convenient to show picture signals, sync pulses, and blanking levels by means of diagrams 
somewhat similar to those used during explanations of signal voltages in an earlier lesson. Because changes 
of signal voltage involve times of only a few millionths o: a second you may have assumed that diagrams 
showing such changes are merely theoretical. Actually you will watch such voltage changes during much of 
your trouble shooting work, and will watch the effects on these voltages of whatever adjustments you may 
make. 

The instrument used to observe changes in signal voltages is called the oscilloscope. An oscilloscope 
contains a cathode-ray tube, which is like a television picture tube employing electrostatic deflection. 
The electron beam in the cathode-ray tube of the oscilloscope is deflected vertically by whatever signal 
voltage you wish to observe. At the same time the beam is swept horizontally so that you may see how 
the signal voltages change from one instant to another. 

Were you to connect an oscilloscope to some part of a receiver in which the composite signal is acting, 
and adjust the oscilloscope for observation of a vertical blanking interval, th a "picture" on the screen of 
the cathode-ray tube would appear somewhat as shown by Fig. 3-8. Here you can plainly see the gap which 
is the vertical blanking interval, also the vertical sync pulse near the beginning of this interval, and you 
can see as a sort of haze on each side the effects of picture signals and horizontal sync pulses occuring 
before a nd after the vertical blanking. 

Ina ha nd-drawn diagram the details of the signal might be shown more distinctly than by the oscilloscope 
trace, and the diagram might make it easier to understand what the signal is supposed to do. But the oscillos-
cope trace is the signal itself, as it actually exists at the moment of observation. Because he already is 
familiar with diagrams of signa Is, the service technician understands wha t the oscilloscope trace should look 
like if everything is working OK, and he can identify many kinds of trouble by the actual appearance of the 
signal. 

Keep this in mind. When we look at signal diagrams and other representations of voltages in the lessons 
we are becoming acquainted with the meanings of voltages which you will see many times on the screen of 
the oscilloscope during service work. Now we shall continue following the signal through the receiver. 

SEPARATING THEPICTURE SIGNALS. At the output of the video detector i.e have the entire composite 
signal as shown at the upper left in Fig. 3-9. This signal goes through the video amplifier tube, which in-
creases the voltages. Then the entire composite signal goes to the picture tube. The picture portion of the 
signal will be used to produce lights and shadows on the screen, but the sync pulses of the signal must 
not be allowed to effect the pictures. 

To get rid of the sync pulses and retain the picture variations of the signal we make use of the fa ct that 
all picture varia tions of voltage are on one side of the bla nking level, with all sync pulses on the other side 
of the blanking level. It is necessary only to operate the control grid of the picture tube in such a way that 
the beam is blanked whenever the signal voltages go over onto the sync pulse side of the blanking level. 
This effectively removes the sync pulses from the signal used in the picture tube. 

THE SYNC SECTION. Although we don't want sync pulses in the picture tube, we do want them for other 
parts of the receiver where these pulses are needed for con rol of vertical and horizontal deflection of the 
beam. In these other parts of the receiver we don't want picture signals, because sweeps of the beam must 
not be affected by picture signal voltages. So our problem becomes one of separating the sync pulses from 
the composite signal, of saving the sync pulses, and getting rid of the picture signa ls. This is the function 

A 
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Fig. 3-10. How the oscilloscope shows the output voltage from a sync clipper. 

of the sync section of the receiver. 

Going back to the output of the video detector in Fig. 3-9 we find there the entire video signal; the picture 
variations, sync pulses, and everything else. This signal goes through the video amplifier tube, which in-
creases the voltages. Here we should note that the video amplifier does something else of importance. It 
turns the signal upside down or inverts the signal. All the changes of voltage which, in the output of the 
video detector, acted upward with reference to the blanking level now act downward in the output of the am-
plifier. All changes which at first acted downward now act upward. 

Inversion of signal voltages occurs in every tube which is acting as an amplifier. When signal voltages 
are amplified by a tube they always are inverted at the same time. To get the signal voltages right side up 
again we put them through a second a mplifier. If this is followed by a third amplifier the voltages come out 
of this last amplifier upside down. Signal inversion comes in handy many times, for it allows obtaining volt-
age changes in whichever direction is more useful. But whether inversion is helpful or not, it always takes 
place when signal voltages go through a ny amplifier tube. 

There may be one or more video amplifier tubes, depending on how much the signals are to be strengthened. 
From the last video amplifier the signal goes to the picture tube. As previously explained, the picture tube 
discards the sync pulses and uses the picture signal to vary the intensity of illumination on the screen. 

From the output of one of the video amplifier tubes, or sometimes from the output of the video detector, 
we take the composite signal or entire video signal and carry it to the sync section of the receiver. In Fig. 
3-9 this entire composite signal is applied to a sync amplifier tube, which here is the first tube in the sync 
section. 

This sync amplifier is operated in such a way as to amplify the sync pulses more than the picture vari-
ations of the signal, as you may observe from the relative heights of sync pulses and picture signal voltages 
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Fig. 3-11. Vertical sync pulses occur 1/60 second apart, and last much longer than a horizontal sync pulse. 

before and after this tube. Note also that the signal voltages are inverted in going through this amplifier. 

The next tube in the sync section here illustrated is the sync clipper. This tube is operated in such manner 
as to clip off the remaining picture signal voltages while retaining the sync pulses. When using your oscillo-
scope to look at the output of the sync clipper in one particular receiver you wouldsee the signal of Fig.3-10. 
This is another photograph of an oscilloscope screen. 

It often happens that the sync pulses become of unequal st-ength, some pulses become stronger or weaker 
than others. So, in Fig. 3-9, we apply these uneven sync pulses to a sync limiter tube. This tube is operated 
to limit the voltage in its output and thus to bring a 11 the sync pulses to uniform strength or uniform voltage. 

The final result of all the operations which ha ve been described is complete separation of sync pulses 
from picture signals. Sync sections of television receivers may be designed and constructed in many different 
ways, but the final result always is the same. Sync amplifiers, clippers, and limiters may follow one a nother 
in an order different than illustrated. There may be two or more tubes performing the same kind of work. 
Should the signal from the last of these tubes be wrong side up we may add an inverter tube for the sole 
purpose of turning the signal back again. 

There is no general agreement on the names applied to tubes performing different jobs in the sync section. 
Various manufacturers use names such as clipper, stripper, limiter, separator, and others to mean different 
things. The clipper of Fig. 3-9 might be called a separator or a stripper in some receivers. However, from 
measurements of tube voltages or from observing theinput and cutput signals with the help of an oscilloscope 
the service technician can tell what a tube really is doing and usually can tell what the tube is supposed to do. 

In Fig. 3-9 only the horizontal sync pulses are shown. Vertical pulses and equalizing pulses come right 
along with horizontal pulses and are treated in the same way throughout the sync section so far as we have 
examined it. The signal issuing from the output of this sync section would consist of all kinds of pulses. 

Horizontal and vertical pulses must be separated from each other. Then horizontal deflections of the pic-
ture tube beam may be controlled by the horizontal sync pulses, while vertical deflections are controlled 
by vertical sync pulses.Fig.3-11 will help show how the separation becomes possible. Here are represented 
two time periods of 1/60 second each. During the total of 1/30 second one ccmplete picture is formed on 
the screen. 

Horizontal sync pulses occurat the rate of 15,750 every second. These pulses never cease. They continue 
all through the pictures, between successive lines, and they continue through all the vertical blanking in-
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Fig. 3-12. The manner in which deflection voltages or currents rise and fall. 

tervals. At the end of each downward travel of the picture tube beam there is a vertical sync pulse. These 
vertical pulses occur at a rate of only 60 per second. The chief difference between horizontal and vertical 
sync pulses is in how long each kind lasts. One horizontal sync pulse lasts for about 5 millionths of a 
second. Each vertical sync pulse consists of six closely spaced sections which last for a total of 185 

millionths of a second. 

Connected to the output of the last tube in the sync section are two electrical filters. Each filter consists 
of nothing more complicated than capacitors and resistors. One filter is so designed as to produce from each 
and every horizontal sync pulse a sharp rise and fall of voltage. These voltage "pips" are used to control 
the timing of all following actions which cause horizontal deflection of the picture tube beam. 

The other filter is so designed that it is not affected by the exceedingly brief horizontal sync pulses. But 
when a relatively long vertical pulse comes along, the voltage at the output of this vertica 1 filter rises higher 
and higher. Before the vertical pulse is completed the voltage at the filter output is strong enough to control 

all following actions which cause vertical deflection of the beam. 

In technical literature about television the filter which produces horizontal voltage pips usually is called 
a differentiating network, and the one providing control for vertical deflection is called an integrating net-



COMMERCIAL TRADES INSTITUTE 

Lesson No. 3 - Page 15 

Fig. 3-13. A sawtooth voltage as seen on the screen of the oscilloscope. 

work. The filters themselves are so simple that the parts in each would cover little more space crosswide 
of this page than needed to write their technical names. 

THE SWEEP SECTION. Horizontal and vertical synchronizing or timing voltages from the filters which 
terminate the sync section are not strong enough, nor do they have the kind of voltage changes needed to 
sweep the electron beam in the picture tube. Consequently, we need in 6'ur television receiver two additional 
sections before it becomes possible to deflect the beam. 

The first of these sections will produce voltages having the type of changes needed for deflection. The 
other section will strengthen those voltages for tubes having electrostatic deflection, or will change the 
voltages into strong currents or electron flows of the kind needed for tubes having magnetic deflection. 

Let's see wha t kind of voltage changes or current changes are needed for sweeping the electron beam. 
For horizontal deflection the beam must move from left to right, during one horizontal trace, within a time 
of about 53 millionths of a second. Then follows a horizontal blanking period of about 11 millionths of a 
second. From these two time periods we may conclude, as shown at the left in Fig. 3-12, that a voltage for 
deflecting the beam during a horizontal trace must increase steadily during 53 millionths of a second, then 
must come back to the starting value in no more than 11 millionths of a second, and must continue such 
changes. 

Now what about vertical deflection? The beam must travel from top to bottom of the picture space in about 
15 thousandths of a second, and voltages which control vertical travel must be ready for another downward 
travel within the next 11/2 thousandths of a second. Increase and decrease of vertical deflecting voltage then 
must be as shown at the right in Fig. 3-12. 

Here again we are dealing not with theoretical voltages, but with real ones as they exist in the television 
receivers which you will be servicing later on. When you connect your oscilloscope to some part carrying 
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one of these deflecting voltages the trace on the screen of the cathode-ray tube will appear about as pictured 

by Fig. 3*-13. This is one more photograph of what you really see. 

Are you reminded of anything in particular by the shape of these lines which show changes of deflection 
voltages? They look like the teeth of a saw. Such deflection voltages are called sawtooth voltages. If our 
picture tube emp loys magnetic instead of electrostatic deflection we require magnet currents which go 

through the same kind of changes, we require sawtooth currents. 

No matter which kind of deflection is used, we always must have sawtooth voltages to begin with. For 
electrostatic deflection the sawtooth voltages are amplified and applied to the deflecting plates in the pic-
ture tube. For magnetic deflection the sawtooth voltages are changed to corresponding sawtooth currents, 

and these currents flow in the deflecting magnets. 

Sawtooth voltages are produced by tubes called sweep oscillators. As represented by Fig. 3-14, the 
synchronizing voltages from the two filters which terminate the sync section are applied to these sweep 
oscillators, and sawtooth voltages which are in time with the sync pulses appear in the oscillator outputs. 

Because of differences between shapes of the synchronizing voltages applied to the sweep oscillators 
and of the sawtooth voltages obtained from these oscillators it is apparent that the sawtooth voltages are 
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Fig. 3-15. Illumination of the picture tube screen when no pictures are present is called the raster. 

not the result of amplifying the synchronizing voltages. Amplifying a voltage does not materially alter its 
form. The synchronizing voltages do nothing except keep the sawtooth voltages precisely timed with the 
original sync pulses. Even though you disconnect the sync filters from the sweep oscillators, the sawtooth 
voltages will continue. 

The electricalaction of a sweep oscillator is a lot like the mechanical action of the pendulum on a clock. 
The number of swings per second of an ordinary pendulum depends only on its length, or rather on the dis-
tance between the pivot and the center of weight in the bob. The number of times per second that the volt-
age from a sweep oscillator increases from zero to maximum and returns to zero depends on the electrical 
size of capacitors, inductors, and resistors connected to the oscillator tube. 

You could stand to one side of a clock pendulum and, just before it naturally would start each return 
swing, you could give it a little push. Thus you could speed up the number of swings per second. You 
would be doing for the pendulum just what the synchronizing voltages do for the sweep oscillators. 

The sweep oscillators are constructed and adjusted so that the number of sawtooth linkages produced 
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Fig. 3-16. From left to right; the filter capacitors, the rectifier tube, and the transformer for a low-voltage 

power supply. 

naturally during each second is just a little less than the number of sync pulses per second. That is, the 
oscillators are set to run a little too slow. Then the synchronizing voltages come along and speed up the 
oscillators so that sawtooth voltages are produced at the correct rate per second, and at precisely the cor-
rect instants, to sweep the picture tube beam in time with the electron beam away back in the television 

camera tube. 

The sweep oscillators will deflect the electron beam of the picture tube horizontally and vertically even 
though no television signal is being received, and there are no sync pulses. The clock pendulum will con-
tinue swinging even though you don't push it. If the electron flow in the beam is sufficient to produce a spot 
of light, the screen will be illumina ted over the entire area which would be occupied by pictures were any 
picture signals present. Such illumination of the picture tube screen is called the raster. A raster is shown 

by Fig. 3-15. 

We have considered only the simplest possible sweep section, because we are dealing with only the most 
elementary principles of television reception. Later we shall take up all the interesting variations found in 
the many makes and types of receivers. Merely as a hint of what is to come, there are more than a dozen 
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Fig. 3-17. Principal parts of a high-voltage power supply. From left to right; the rectifier tube, the 

transformer, and the oscillator tube. 

ways of insuring that sweep voltages and currents remain precisely in time with the incoming sync pulses. 
These are called automatic frequency controls for the horizontal and vertical sweep oscillators. 

POWER SUPPLIES. Earlier it was mentioned that amplifier tubes control electric power furnished by 
other tubes and other parts of the receiver. Not only the amplifier tubes, but all other tubes in every section 
of the receiver require power for their operation. These operating powers must he supplied at potentials all 
the way from five or six volts for parts which heat tube cathodes, through several hundred volts for tube 
plates and screens, and to many thousands of volts for acceleration of beam electrons in the picture tube. 
These voltages are furnished by sections called the power supplies. 

Most television receivers have at least two separate power supply sections, a high-voltage power supply 
for the electron-accelerating elements in the picture tube, and a low-voltage power supply for everything 
else. The principal parts of a low-voltage power supply for one receiver are pictured by Fig. 3-16. At the 
right is the power transformer. This transformer takes alternating-current electric power from the building 
lighting circuits at whatever potential exists in these circuits, usually 110 to 120 volts. The transformer 
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lowers the voltage to values suitable for heating tube cathodes, and raises the voltage to values suitable 
for tube plates and screens. 

In the center of Fig. 3-16 is a power rectifier tube. This tube changes the alternating voltages for tube 
plates, screens, and some other parts into voltages which act always in the same direction. That is, the 
rectifier tube changes the alternating voltages into direct voltages which are needed for operation of tubes 
in the receiver. 

At the left in Fig. 3-16 is a metal can containing a number of filter capacitors. These capacitors, in con-
junction with other parts of the power supply not shown, smooth out the direct voltages. As these voltages 
come from the rectifier tube they always act in one direction, but they are not at all steady. Smoothing is 
done by the filter capacitors in the metal can and by filter inductors which do not show in the picture. 

Fig. 3-17 is a picture of the principal parts in one kind of high-voltage power supply, the supply which 
provides electron-accelerating voltages for the picture tube. At the right is a high-frequency oscillator tube. 
This tube takes direct voltage and current from the low-voltage supply section and produces alternating 
voltages at frequencies of 200 kilocycles, and even higher in some designs. 

These high-frequency voltages from the oscillator are put through the transformer which you can see at 
the center of Fig.- 3-17. This transformer increases the potential of the high-frequency voltage to about 
5,000 volts. Then the high-frequency voltage at its high potential is applied to the high-voltage rectifier 
tube which you see at the left. This rectifier changes the high-frequency voltage, which is an alternating 
voltage, into a direct potential at equally high voltage. Finally the very high direct voltage goes through 
a smoothing filter consisting of capacitors and resistors, not visible in the picture, and the steady high 
voltage is delivered to the picture tube. This type of high-voltage supply is found in many television re-
ceivers, but also in common use are other types which will be examined later on. 

Maybe it has struck you as rather strange that we enter the power supply with alternating voltage from 
the building circuits, then change it to a direct voltage in the low-voltage power supply, next back to alter-
nating voltage in the oscillator of the high-voltage supply, and again back to direct voltage at the output 
from this latter power supply. 

The reason for all the changing back and forth is that the simplest and most economical way of either 
raising or lowering any voltage is to have that voltage in alternating form and to put it through a trans-
former. To raise or lower the value of direct voltage is either a complicated process or is very wasteful of 
power. The best way is to use an oscillator when we wish to change direct voltage to alternating, to use a 
rectifier when we wish to change alternating voltage to direct, and to use a transformer for either raising or 
lowering the potential of an alternating voltage. 

We have followed the television signal all the way from the receiving antenna to the picture tube and the 
loud speaker. We commenced with electromagnetic radiation coming through space to the antenna. We finish-
ed with music, voice, and other sounds from the speaker, and with moving images on the screen of the pic-
ture tube. Dozens of parts have been shown and described. If you go back through these first lessons and 
list all the parts of a television receiver you will realize that a service technician has to know a great 
deal about a great many things in order to shoot trouble and handle servicing in general. 

Although we already are better acquainted with the processes of television reception than are most people 
not actively engaged in this business, we know but little about how all the parts really operate, or why 
they operate, or why they might fail to operate. Learning all about the how and why of television won't be 
so very difficult if we go about it in the right way. There is one key which will unlock most of the myster-
ies ab out normal and abnormal behavior of television and radio apparatus. This key is an understanding of 
electrons and of how and why they act as they do. This will be our subject for the next lesson. 
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ELECTRONS, THE FOUNDATION OF RADIO 

When men learned to control the flow of electrons in wires we entered the age of electricity, which gave 
us the telephone and telegraph, electric light, electric power, and everything these things do for us. When 
men learned how to force electrons out into the open, and still control the flow, we entered the age of el-
ectronics.Electronics gave us radio in all its applications, including television and countless uses in com-
merce and industry. 

Everything in radio and all its branches depends directly or indirectly on the controlled flow of electrons 
through vacuums and through gases. Possibly we should have commenced our study of television by exam-
ining electrons and what they accomplish. Had we done so, many actions which could be mentioned in the 
first lessons only as accomplished facts, with no apparent reasons for their existence, would have appeared 
as the only things which possibly could happen under the circumstances. 

The fact that we commenced studying the practice of television rather than its foundation may make it 
even more interesting to examine the foundation, which consists of electrons. To get acquainted with elec-
trons we shall first consider a piece of aluminum. By various mechanical treatments the aluminum could be 
divided into particles so small that a powerful microscope would be needed to see them. By chemical action 
the aluminum could be divided into particles not visible even through the microscope. But none of these 
divisions can break the aluminum down into any other substances. The smallest possible particle is an 
atom of aluminum, still a particle of the original silvery white metal. 

Atoms of all substances are of about the same size, and this size is small. Had every man, woman, and 
child commenced at the beginning of the Christian era to drop one atom per second into a cup, and had all 
whe have lived since then done the same thing, the cup today would contain one-third of a cubic inch of 
atoms. If each man, woman and child in the United States and all the rest of the countries in North, Cen-
tral, and South America were to lay down one atom, with all the atoms close together and in a straight line, 
that line would be somewhat less than one and one-quarter inches long. 

Although we cannot conceive of anything so small as an atom, we now must accept the fact that every 
atom is mostly empty space. An atom is made up in much the same way as our solar system. At the center 
of the solar system is the sun, and in empty space around the sun are whirling the earth and all the other 
planets. Were any microscope strong enough to make an atom visible you might see something such as shown 
by Fig. 4-2. At the center of the atom is a part called the nucleus. Moving in orbits around the nucleus are 
electrons. Were an atom to swell up to an overall diameter of 1,000 feet, the nucleus at the center would 
be the size of a basketball, and each electron would be the size of a pea. 

In each atom of aluminum there would be 13 electrons. Could you take away one electron, and could the 
atom adjust itself to the permanent loss of one electron, it no longer would be an atom of aluminum but 
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Fig. 4-1 The F-m signal generator, the oscilloscope, and the receiver being aligned all depend for their 

operation on the flow of electrons through vacuums. 

would have changed to an atom of the metal magnesium. With still another electron taken away, and another 
readjustment, we should have an atom of the metal sodium. With electrons removed, and nine remaining, 
there would be an atom of the gas neon. By the time only two electrons remained there would be an atom 

of the gas called helium. Finally, with one solitary electron around a nucleus you would have an atom of 

the gas hydrogen. 

Electrons can be added to atoms as well as removed. Our sun shines and gives off heat because its atoms 
of hydrogen are changing to atoms of helium and gaining one electron in the change. Matter of which the sun 
is composed is disappearing in this process at the rate of about five million tons per second. But don't let 
this worry you. Less than one-tenth of the sun's hydrogen has changed to helium in the last billion years. 

Electrons move at tremendous speeds in the space around the center of an atom. But the atom holds to-
gether. It holds together for the same reason that our solar system holds together, with the earth and all 
the other planets continuing to revolve around the sun instead of flying away into limitless space. It is the 
force of attraction between sun and earth that holds the earth on its orbit around the immensely heavier 
sun. It is the same kind of attractive force between you and the earth which holds you in place, so you 
don't shoot off into space as the earth's surface spins around at about 1,000 miles an hour. This earthly 
force is called gravity. The kind of force having similar effect in the atom is called electrostatic attraction 

between the nucleus and the electrons. 

With strong attractive forces at work why doesn't our earth fall into the sun? And why don't the electrons 
fall into the nucleus of the atom? We stay out of the sun because of another kind of force, centrifugal force. 
This is the kind of force which you feel as a pull when whirling a weight tied to the end of a string. Cen-

A 
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Fig. 4-2 Electrons move in orbits around the central nucleus of an atom. 

trifugal force alone would carry the earth away into space. Attractive force alone would pull us into the 
sun. But the effects of the two forces are exactly balanced, so we neither fall into the sun nor move farther 
away. Electrons don't fall into the nucleus of the atom because they are moving at speeds which would en-
able them to fly right out of the atom were they not held by the equal force of attraction. 

The attractive force existing between bodies such as the sun and the planets is of the same kind in both 
bodies. It is the result of the weight or the mass of the materials in these bodies. In the atom, however, the 
kind of attractive force existing in the nucleus is not the same as the kind existing in the electrons. gle 
know these two forces are not of the same kind because, in some ways, they act differently. The nucleus 
attracts electrons, and the electrons have attraction for the nucleus. But the nucleus of one atom does not 
attract the nucleus of another atom, they repel each other. And one electron does not attract another elec-
tron, the two electrons repel each other. It is the repulsion of each electron for every other electron that 
keeps them from colliding with one another inside the atoms. 

To distinguish between the two forces which act differently we call the kind possessed by the nucleus 
a positive force, and call the kind possessed by electrons a negative force. 
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Fig. 4-3 With a signal generator and electronic voltmeter used for receiver alignment we still depend on 

flow of electrons through vacuums for operation of all three instruments. 
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Fig. 4-4 The dry cells force electrons to flow in themselves, the speaker transformer, and the meter — while 

the meter measures and indicates the rate of flow. 

By using the words positive and negative we may describe the forces in the atom as follows. When one 
particle is negative and another is positive there is attraction, each for the other. When both particles are 
negative they repel each other. When both particles are positive they repel each other. 

While an atom has its normal number of electrons, as 13 electrons in the case of the aluminum atom, the 
total negative force of all the electrons is exactly equalled by the total positive force in the nucleus. This 
means simply that all the electrons are pulling just as hard on the nucleus as the nucleus is pulling on all 
the electrons. The two kinds of forces are balanced in the normal atom. There is no excess of either kind 
of force which might act on some other particle outside the atom. So far as the atom as a whole is con-
cerned it can exert neither positive nor negative force on anything outside its own brundaries. This, re-
member, is the condition of an atom which possesses its normal quota of electrons. 

Although the electrons within an atom always are in violent motion, the nucleus of the atom does not 
move unless the substance of which the atom is a part undergoes movement. If you move our piece of al-
uminum you move all the atoms which compose the piece, but the atoms remain in fixed positions within 
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Fig. 4-5 how electrons are arranged in two orbits within atoms of carbon and of oxygen. 

the piece of aluminum. g bile the nucleus of an atom is either stationary or moving, the attractive forces 
within each atom hold the electrons with the nucleus, because even the lightest nucleus is nearly 2,000 
times as heavy as one electron. 

In diagrams it is convenient to identify positive forces with a plus sign (4) and to identify negative forces 
with a minus sign (—). Using these signs we might represent atoms as in Fig. 4-5. Each electron is shown 
by a small circle enclosing a minus or negative sign. The central nucleus is shown to have a total posi-
ttve force equal to the total negative force of all the electrons by placing within a central circle a number 
of smaller circles enclosing positive or plus signs, with the number of these units of positive force equal 
to the number of negative electrons. Incidentally, the atom with six electrons would be an atom of carbon, 
and the one with eight electrons would be an atom of the gas oxygen. 

ELEC7ROAS. Now we shall leave the atoms for a few minutes and talk again about the solar sys-
tem which on a grand scale, is so much like the atom on a submicroscopic scale. Consider what might 
happen to a planet away out at the farthest limits of the solar system. The farthest planet we know of today 
is called Pluto. The distance from the sun to Pluto is more than 3,500 million miles. Our earth is only 
about 93 million miles from the sun. Naturally, the force of attraction acting through the great distance be-
tween the sun and Pluto cannot exert nearly so strong a pull as between the sun and the earth. 

Supposing now that some other heavenly body of size comparable to that of the sun should come close to 
our solar system. Pluto would be quite likely to feel the attraction of that other body so strongly as to 
leave our solar system and join another one. 

This is just what happens continually to one of the outermost electrons in an atom. Between the outer-
most electron and the nucleus of the atom the attractive forces act much more weakly than between the nu-
cleus and electrons closer to it. All around are other atoms whose positive nucleuses might pull hard on 
the electron which is flying around the outside of its own atom. Under certain conditions this outermost 
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Fig. 4-6 One of the outermost electrons escapes from the aluminum atom and becomes a free electron. 

electron may jump from the original atom to another nearby atom. 

Let's see what these certain conditions must be. A few paragraphs back it was stated that the positive 
and negative forces in a normal atom are balanced. In a balanced atom the total positive force of the nu-
cleus is just equal to the total negative force of all the electrons, and there is no force remaining to attract 
any other electron which might have freed itself from some other atom. 

Supposing, however, that this normal or balanced aton were to lose one of its own electrons. Then this 
atom no longer would have balanced forces, it would possess a surplus of positive force. Thus surplus of 
positive force would pull the wandering electron into the atom, and the balance would be re-established. 

Now we'll go back to Pluto. Supposing something were to happen which imparted much greater speed to 
this distant planet in its path around the sun. The increase of centrifugal force might completely overcome 
the weak attraction between Pluto and the sun, with the result that Pluto would start traveling outward 
away from the sun. However, Pluto wouldn't get very far, as interplanetary distances go, because the 
universe is full of other big suns. One of these other suns soon would make a captive of the wandering 
planet, and Pluto would join some other solar system. 

We do not know of anything which might give Pluto additional speed, but we do know of several ways to 
increase the speed of electrons which are near the outer limits of their atoms. One way is to heat the sub-
stance containing the atoms. When a substance is made very hot, all the electrons in its atoms gain energy. 
Energy is the ability to do work. The electrons expend their extra working ability in increasing their speed. 
The added speed lets many of the electrons move farther from the central nucleus, and it lets one of the 
outermost electrons jump clear out of the atom. But, like Pluto, this electron which has become a free 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 4 - Page 8 

Fig. 4-7 Light entering this phototube gives cathode electrons extra energy, and the electrons emerge into 

the vacuum. 

electron won't get very far. It immediately is pulled into some other nearby atom which has lost one of its 
own electrons and is looking for a replacement. Fig. 4-6 represents one of the outermost electrons escap-
ing from an atom of aluminum. 

Here we have discovered the real reason why heating the cathode of a picture tube forces electrons out 
of the cathode material. It is the reason also why the cathodes of practically all other tubes in radio and 
television receivers are heated, as you may see by looking at the red glow inside every tube which is work-
ing. Heat gives some electrons enough additional energy to enable them not only to leave their individual 
atoms, but to jump entirely clear of all atoms and to emerge from the surface of a cathode material. These 
electrons will exist for a moment in the surrounding space. If nothing else happens, these electrons almost 
immediately are pulled back into the cathode material to join atoms which lack an electron. 

Heat isn't the only force which gives electrons the ability to jump free and clear of atoms. Light will do 
it. Light, like heat, is a form of energy. When the energy which is light hits certain substances this energy 
changes into the kind of energy which gives more speed to some electrons. This is the energy of motion, 
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the kind of working ability which enables a baseball to break a window when aimed in the wrong direction. 
It is light energy which gives us phototubes and photocells, andmakes possible the television camera tube. 
Electrons which have been speeded up by light will jump right out of the surface of some kinds of sub-
stances. 

There is still another force which gives electrons jumping ability. This is the force we call electric volt-
age or electric potential. If you put two bodies close together in a vacuum, and make the potential of one 
body very much greater than that of the other body,electrons will be pulled out of one and will pass through 
the vacuum to the other body. This is the action employed in what are called cold-cathode rectifier tubes 
and in tubes employing what is called ionic heating of their cathodes. 

It doesn't require much imagination to realize that, if we get electrons out of a cathode by means of heat, 
a part which pulls the electrons to itself and clear away from the cathode needn't be nearly so close to the 
cathode as when voltage of this other part is the sole means for freeing the electrons from atoms. here we 
have the basis for all thermionic tubes, a classification which takes in just about every kind of tube used 
in radio and television. By heating the cathode to get electrons into the clear, and by having a difference 
of voltage or potential between the cathode and another part inside the tube, free electrons are pulled all 
the way through the vacuum which is inside the tube. We wouldn't have to follow this line of investigation 
very far to be right in the middle of the whole subject of tubes for radio and television, but there are few 
more of the elementary things to be talked about before we come to tubes. 

Let's finish first with the subject of free electrons. Each atom in any substance normally possesses just 
the number of electrons which allows balance of positive and negative forces. For instance, in any piece 
of aluminum there are normally 13 electrons per atom. Were there something like a billion, billion atoms 
there would normally be 13 times a billion, billion electrons. Lots of these electrons are continually pop-
ping out of some atoms and right back into other atoms. 

With all this movement of electrons into and out of atoms there is, in every substance at every instant, 
about one free electron per atom. Unless we are applying some external farce these free electrons don't 
really get anywhere, they simply jump about from one atom to another in all kinds of random directions. 
This random motion of free electrons is somewhat as shown by Fig. 4-8. 

If we apply the right kind of force in the right way we can make all the free electrons move in the same 
general direction as they progress from atom to atom. In a length of wire the free electrons may be made 
to move either always to the right or always to the left. Then we have a direct electron flow or a direct 
current. The free electrons may be made to move first to the right and then to the left, and made to keep 
this up. Then we have an alternating electron flow or an alternating current. If the free electrons are made 
to move right and left at very short intervals we have a high-frequency alternating current. 

Even with a steady direct current or a one-way current in a length of wire no one electron need go very 
far at a time. Rarely, if ever, would a particular electron travel all the way from one end to the other of 
the wire. But all the free electrons would move the same direction between the instant of escape from one 
atom and the instant of entering another atom. 

EXPERIMENTING WITH ELECTRONS. You may experiment with free electrons and move them from one 
body to another at any time you choose. All that is needed in the way of equipment is a stick of sealing 
wax from the stationery store, a piece of woolen cloth from anywhere, and a few bits of paper. 

A 
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Fig. 4-8 When not affected by some external force the free electrons move in random directions from atom 

to atom. 

First, rub the end of the wax with the woolen cloth. Then, as in Fig. 4-9, bring the end of the wax near 
a few small pieces of paper. Even before the wax touches the paper, the paper will jump up and cling to 
the wax. This is what happened. By rubbing the wax and wool together you actually rubbed many billions 
of free electrons off the wool and onto the wax. Since all these electrons are negative the wax accumu-
lated a great excess of negative force. When you brought the wax near the bits of paper the strong nega-
tive force of the wax repelled free negative electrons which were in the side of the paper toward the wax, 
and drove these electrons to the other side of the piece of paper. Moving these negative electrons away 
from one part of the paper left that part with an excess of positive force. Then the paper was drawn to the 
wax by attraction between the negative force of the wax and positive force on one side of the paper. 

You may restore an equilibrium of forces in the wax by wiping it with your moist hand. The excess of 
negative electrons on the wax then passes to your hand, and the wax no longer will pick up pieces of 
paper. 

In the atoms of substances from which paper is made the atoms hold onto their electrons very tenacious-
ly. The negative force transferred to the wax by rubbing it with the wool is a strong force, and it is cap-
able of forcing electrons from one side of the paper to the other in spite of all difficulties. Once the free 
negative electrons are driven to the far side of the paper they stay there, because they are held tightly by 
the atoms and would require a considerable force in the opposite direction to drive them back again. 

In metals the atoms do not hold their outermost electrons at all securely. It is easy for electrons to es-
cape from atoms of metals and wander all around the place. If you use some force which drives free elec-
trons from one side to the other of a piece of metal, then take away that force, the electrons will come 
right back again and distribute themselves uniformly throughout the metal. 

14 may check this latter statement by performing another experiment. This time a piece of aluminum foil 
or any thin metal foil is hung from a thread, as in Fig. 4-10. Rubbing the sealing wax with the woolen cloth 
and bringing the end of the wax near the foil allows just the same action as described for the wax and the 
paper, and the foil comes over and touches the wax. 

Itecause it is so easy for electrons to pass all through any kind of metal, much of the excess of free 
negative electrons now leaves the wax and passes into the foil. Then the foil has more than its normal 
(.(implement of negative electrons. If the foil is aluminum it now has more than 13 electrons per atom. This 
means that thewhole piece of foilpossesses a surplus of negative force. The wax does not lose all its extra 
negative electrons to the foil, and so now we have two bodies with each a surplus of negative force. The 
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Fig. 4-9 When extra electrons are rubbed off the cloth onto the wax their attractive force allows picking up 

the paper. 

result is shown by Fig. 4-11, the wax and the foil repel each other. 

Experiments such as these are easy to carry out, and if you wish to see electrons at work the experiments 
are well worth performing. If you wipe the wax on your hand and touch the foil with your finger, to restore 
the balance of forces, you may start over again. First the foil will come over and touch the wax, and al-
most instantly will jump away from the wax, The foil must be supported by a thread because thread is com-
posed of substances generally similar to those in paper, and electrons cannot easily move from one part 
to another in such substances. If the foil were supported by a piece of metal wire, in which electrons pass 
from place to place very easily, all the excess negative electrons passing from the wax to the foil would 
run up through the wire and the supports. Then the concentration of negative electrons would not be suf-
ficient to cause attraction and repulsion. 

CONDUCTORS AND IASULATORS. Any substance in which free electrons get from place to place very 
easily is called an electrical conductor. A conductor is composed of any substance whose atoms do not 
hold very tenaciously to their electrons, and in which a great movement of free electrons may be caused 
by a fairly weak external force of any kind which attracts or repels electrons. lien voltages or differences 
of electrical potential are applied to a conductor there are movements of immense quantities of free elec-
trons in the conductor. 

1 le metal foil of our last experiment is a conductor. All reasonably pure metals are excellent conductors. 
Silver is the best of all conductors, because a greater rate of electron flow or a greater current is caused 
in silver than in any other metal by a given voltage applied to this metal. Next in conductive excqllence 
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Fig. 4-10 The attractive force of electrons on the wax pulls a piece of metal foil against the wax. 

comes copper, which is used for nearly all the wires between parts of radio and television apparatus. Alum-
inum, brass, bronze, iron, steel, zinc, lead and cadmium are good conductors. All are used in radio and 
television as supports and fastenings through which electron flows are to take place. 

Any substance whose atoms hang onto their electrons very tightly is an electrical insulator. In an insul-
ating material strong forces are needed to cause any appreciable rate of flow of free electrons. The paper 
of our first experiment and the supporting thread of the second experiment are insulators. It was possible 
to force free electrons from one part to another in the paper because we really had a very strong force in 
the rubbed wax. It is easy, by means of rubbing, to build up a fgrce which would be comparable in strength 
to that in power wires for electric lighting when measured in volts. Flit you couldn't feel this force because 
there isn't enough of it. All the electrons you could rub onto a piece of wax wouldn't furnish even enough 
total energy to make a flash lamp blink, yet the potential or voltage of the relatively few electrons might 
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Fig. 4-11 When electrons flow from the wax into the metal foil Doth bodies have excess quantities of electrons, 
and there is repulsion. 

be very high. 

Among the insulating materials most generally used in radio and television are the many plastic com-
pounds, of which Bakelite was the first and still probably ks the best known example. Well known among 
newer plastic insulating materials are polystyrene and vinylite. In the old standbys for radio insulation we 
find rubber, paper, linen, cotton, many ceramic materials, mica, fibre, and various waxes and varnishes. 
The prime purpose of all insulation is to confine free electrons within the conductors where the electrons 
are supposed to move. Of equal importance in many places is the ability of good insulation to protect us 
from electric shocks which might be received from conductors in which electrons are being moved by high 
potentials or voltages. 
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Fig. 4-12 A service technician knows how to trace electron flows in all these parts, and knows ho," to measure the 

results of such flows. 
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Fig. 4-13 The power supply unit up above is forcing free electrons to flow in one direction through all the other 

parts while the meter measures the rate of flow in milliamperes. 

ELECTRIC CHARGES. When any piece of material of any kind has more than a normal number of free 
electrons that piece of material possesses an extra amount of negative force. The body which thus has an 
excess of negative electrons is said to have a negative charge, or to be negatively charged. The sealing 
wax in our first experiment became negatively charged. 

Any body which has less than a rormal number of electrons possesses an extra amount of positive force 
That body is said to have a postive charge, or to be positively charged. The woolen cloth which lost free 
electrons to the wax was left wi.h a positive charge. 

When a body is neither negatively nor positively charged, but has its normal number of free electrons, 
that body is said to be neutral or may be said to be uncharged. If a body which originally is neutral 
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Fig. 4-14 Once more the negatively charged wax attracts the metal foil. 

receives extraelectrons that body isgiven a negative charge. If the neutral body loses some of its negative 
electrons it then has a positive charge. 

You have just read the definitions of a negative charge, a positive charge, and a neutral body. The def-
initions are so exceedingly simple in the reading that you cannot possibly appreciate the importance of 
these three conditions in all our future work. There is nothing we can do now to bring home a realization 
of the importance of electric charges in radio and television, we shall just have to wait until their import-
ance becomes apparent in all practical work. 
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Fig. 4-15 With a metal shield between the wax and the foil the force from the negatively charged wax cannot have 

any effect on the foil. 

As you might expect, there is a unit in which we measure the quantity of electric charges. This unit is 
called the coulomb. A charge of one coulomb means a quantity of6,280,000,000,000,000,000 free electrons. 
If some certain body has 6,280,000,000,000,000,000 fewer free electrons than it would have when neutral, 
that body has a positive charge of one coulomb. If the body has this number of free electrons in excess of 
what it would have when neutral, the body has a negative charge of one coulomb. 

Just as there is attraction between a positive nucleus and a negative electron in a single atom, so there 
is attraction between any body which is positively charged and any other which is negatively charged. And 
just as there is repulsion between one negative electron and another negative electron, so there is repul-
sion between any two bodies when both are negatively charged. Naturally, there is repulsion also between 
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any two bodies when both are positively charged. 

Don't spend any time on trying to memorize the definition of a coulomb, it may never be mentioned again. 
The coulomb is important chiefly because it affords a sort of stepping stone to an understa ndingof another 
unit in which we measure the rate of electron flow in conductors. When free electrons move past a point at 
the rate of one coulomb per second this rate of flow is called one ampere. 

The first thing to be noted about a rate of flow is that it is not a measure of electron speed. If enough 
free electrons are moving in one direction, one coulomb of electrons can pass a certain point during one 
second even though the speed is very slow. If you have a river wide enough and deep enough to carry great 
quantities of water, the rate of flow past a given point might be millions of gallons per second with the 
speed of the water only a few miles per hour. If the stream of water were a narrow, shallow brook, the 
speed of the water would have to be very great to get millions of gallons past a given point during one 
second. Similarly, if there are but few free electrons available, a rate of flow of one ampere (one coulomb 
per second) might require an impossibly high speed. 

The second thing to be noted about a rate of flow in amperes ( coulombs per second) is that it is not a 
measure of voltage or potential or force. A rate of flow of water, in gallons per minute or cubic feet per 
second, does not tell about the force which is causing the water to flow. The force pulling a certain rate 
of water flow down Niagara Falls is very great, but the force causing an equal rate of flow along some 
quiet stretch of the river below the falls is relatively very small. Similarly with an electron flow rate 
measured in amperes. In a poor conductor, where electrons are held by their atoms rather firmly, it might 
take a considerable force or considerable voltage to cause some certain flow in amperes. In silver or 
copper the same rate of flow could result from a relatively small voltage. 

Rates of electron flow may be measured in amperes whether the flow is always in one direction (direct 
current) or reverses in direction (alternating current). Even though the frequency of an alternating current 
were so high that electrons moved only a small fraction of an inch in each direction, their rate of flow past 
the middle of that fraction of an inch could be measured in amperes. 

We have talked so much about amperes as a measure of the rate of flow of electrons or electricity that 
we may as well get acquainted with two other units for measuring rates of flow. There are very few places 
in radio and television receivers where the rate of electron flow is so great as one ampere. Most currents 
are measured in milliamperes. One milliampere is equal to 1/1000 of an ampere. Currents in many parts of 
the picture tube, and in some other places as well, are so small that we measure them in microamperes. 
One microampere is equal to 1/1,000,000 (one millionth) of an ampere. 

In this lesson we have covered more of the road to a complete understanding of radio and television than 
you will realize until we commence putting all this information to use. Yet we hardly have begun to inves-
tigate all that electrons do. As an example, when parts of a receiver are being rapidly charged, first nega-
tively and then positively, forces radiated from these parts may completely upset the performance of other 
parts around them. These forces may be confined to where they originate by using electric or electrostatic 
shielding. 

Shielding consists of metal partitions or enclosures. Its effect might be illustrated with our stick of seal-
ing wax to represent some part producing a force to be confined, and a piece of metal foil representing 
another part to,be protected. In Fig. 4-14 the foil has been attracted, as usual, by the force which extends 
all around the charged wax. In Fig. 445 there has been interposed between wax and foil a thin sheet of 
metal, a shield. No matter how hard you rub the wax with the woolen cloth, the force from the charged wax 



COMMERCIAL TRADES INSTITUTE 

Lesson No, 4 - Page 19 

is stopped dead by the shield and there is not the slightest tendency to attract the foil. It will be some 
time before we examine the practical applications of shielding in receivers and testing instruments, but 
here we have seen it in action. 

One of our subjects for the next lesson will be these forces which extend from all charged bodies, and 
which a ccount for electric potential or voltage and all that a does in tubes and other parts of receivers. 
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LESSON NO. 5 

HOW ELECTRONS DO THEIR WORK 

Men who once get into radio, and now television, seldom leave these fields. Whether or not they own up 
to it, the real reason for sticking is the absorbing interest in watching seemingly impossible things happen 
right before your eyes. Good technicians make good money, but they might make good money in other fields. 
The difference is this: In television and radio we have fun while making money. Every case of trouble shoot-
ing is a puzzle to be solved. It is a challenge to your ability. And there is nothing more pleasant than the 
feeling of having solved a difficult puzzle. 

In earlier lessons we dealt with things so interesting that you didn't have to study very hard in order to 
learn. Also, we have been taking our time. Now some time must be saved. There is so much ground to be 
covered on actual service operations in lessons to come that we cannot afford to take our time getting there. 
Consequently, in this lesson, we are going to cover a lot of important ground — and do it fast. 

First, read this lesson all the way through without trying to learn a thing. Some facts will stick anyway. 
Thenread itagain, and try to comprehend the meaning of each statement while you read it. Don't try to mem-
orize; we are not learning rhymes to be recited in front of a class. If you understand a fact while reading 
about it, you never can wholly forget it. When you need that fact later on it will come popping out of the 
place in your mind where it has been stored all the while. 

Finally, if you feel that you understand the general meanings of all the facts presented, you have done a 
good job. Everything mentioned here will come up so many times in actual service work that, eventually, 
you will learn it anyway. The general understandings which you will gain from this lesson simply make the 
rest of the road ea sier and quicker to travel. 

Now let's see whether you can take it, whether you can take a few straight facts without sugar coating. 

HOW ELECTRONS DO THEIR WORK 

In Fig.5-1we are looking at a small fraction of the parts and their connections in a television transmitter. 
This is a modulator power supply. Fig. 5-2 is a picture of all the wiring and a good share of the parts in a 
simple radio receiver. Both the big transmitter and the small receiver operate because free electrons move 
in all the conductors and all the circuit parts. 

When a technician looks at parts and wiring he thinks in terms of electron flow. He sees, in his mind's 
eye, the electrons sometimes moving steadily in one direction, again moving back and forth at perhaps mil-
lions of times a second. He knows why the electrons should move in certain places and in certain ways, and 
he knows what probably has gone wrong when tests and measurements show that electrons are failing to 
flow in the right directions, in the right places, and at correct rates. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 5 - Page 2 

Fig. 5-1. Heavy-duty rectifiers in the modulator power supply of a television transmitter. 

Our next big subject is to be that of radio tubes; how they work and why, and how to use them to best ad-
vantage for certain jobs. We cannot talk intelligently about the behavior of tubes without knowing quite a 
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Fig. 5-2. Parts a nd wiring underneath the chassis of a six-tube radio receiver. 

bit about amperes, volts, and ohms. We do know the reai meaning of an ampere of electron flow. We have 
talked about volts, but never have said what a volt really means. And as for ohms, they ha ven't even been 
touched on. 

To really understand volts and ohms we must commence with some very simple and elementary facts re-
latingtowork and energy. These facts will be understood easily enough by imagining that we do some work 
on a single free electron, knowing that what happens to this one electron is happening at the same time to 
billions of its fellows. 

To begin with, whatdo we mean by work?Maybe you think you work when you hold a 50-pound weight above 
your head for an hour, but that is not work. If, however, the weight originally were on the ground, and you 
lifted it off the ground, you would have done work during the time the lifting continued. You then worked be-
cause you employed your muscular force to overcome the force of gravity which tends to hold the weight 
down, and you moved the weight to -a higher position against this force of gravity. Work, in the technical 
sense, is done only when one force acts against another force and causes motion or a change in the rate 
of motion. 
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Fig. 5-3. Work is done when electrons are driven contrary to the forces of attraction and repulsion. 

Now about the free electron. We intend to follow it through a power supply and a conductor connected be-
tween the negative and positive ends or terminals of the power supply. The simplest of all power supplies 
is a battery, so we shall talk about a battery for easy understanding. What happens inside and outside the 
battery will happen in a generally similar fashion inside and outside any other power supply. 

Abattery provides a direct voltage,a voltage which tends to drive free electrons always in the same direc-
tion.Itwill furnish a direct current, a current of electrons flowing always in the .same direction. This is true 
also of all television and radio power supplies used in connection with all the parts of tubes except the 
parts which heat the cathodes. 

At one end of the battery or any other direct-current power supply is a terminal or connection which is 
negative. At the other end is a terminal or connection which is positive. The first terminal is negative be-
cause here there is an excess of free electrons, or there is a negative charge. The second terminal is pos-
itive because here there is a deficiency of free electrons. 

A battery, or any other direct-current power supply, is simply a device inside of which the free electrons 
are pulled away from one terminal, which thus becomes positive or positively charged, and are driven over 
to the other terminal, which thus becomes negative, or negatively charged. 

The free electron whose travels we shall follow is first at the positive terminal of the power supply, as at 
the left in Fig. 5-3. This electron wants to stay where it is, because the electron is negative, the terminal 
or its charge is positive, and there is attraction. Furthermore, the electron is being repelled by the negative 
charge over at the negative terminal. 

Supposing that, by some means, we force the electron to move away from the positive terminal and toward 
the negative terminal, as in the right-hand diagram. The electron is being moved against the forces of at-
traction and repulsion, and it takes work to overcome those forces. Moving the electron against the forces 
of attraction and repulsion is like moving the weight off the ground against the force of gravity. 

It is easy tomeastwe the amount of work done on any job. Work is measured in a unit called the foot-pound. 
One foot-pound is the amount of work done in lifting one pound through one foot against the force of gravity. 
The total number of foot pounds of work is found from multiplying the number of feet of distance by the num-
ber of pounds moved through this distance. If you lift the 50-pound weight upward through a distance of 6 
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Fig. 5-4. Electrons lose their energy while traveling from negative to positive outside a power supply. 

feetyoudo6 times 50 or 300 foot-pounds of work. In a few moments we shall come to an equally simple unit 
of electrical work. 

ENERGY. Here is a question. What does the weight possess when elevated that it does not possess when 
on the ground? Answer: It possesses more energy. Energy means the ability to do work. With the weight el-
evated it is capable of doing more work than before it was lifted. The elevated weight will do work when it 
falls. Maybe the work will be no more than knocking some object out of the way, but that is work because 
there would be motion resulting from a force. 

If the 50-pound weight falls back 6feet to the ground it will do 300 foot-pounds of work (6 times 50), either 
while it falls or when it lands.When again resting on the ground the weight will have lost its 300 foot-pounds 
of energy or working ability. 

Now back to the electron. Assume that the electron has been forced all the way over to the negative term-
inal, as in Fig. 5-3. The electron now has been moved as far as possible from its original position inside 
the power supply. In the original position, at the positive terminal, the electron is like the weight lying on 
the ground; neither has any energy. But the electron at the negative terminal is like the weight when fully 
elevated. Then both the electron and the weight have been given energy or working ability, because work 
had to be done on the electron to get it from positive to negative, and on the weight to get it off the ground 
and to its maximum elevation. 

The electron is forced to travel from positive to negaiive inside the battery by energy which was stored 
in the chemical compounds inside the battery. This chemical energy is released as the compounds break down 
into new substances, just as heat energy is released when fuel gas breaks down into other gases and vapors 
when burning.Energyreleased from the chemicals does work on the electron and moves it against the forces 
of attraction and repulsion. Work done on the electron puts energy into the electron, just as work done by 
your muscles in lifting the weight puts energy into the weight when it is elevated. The electron finds itself 
at the negative terminal in possession of the energy whicL: resulted from the work of driving it from positive 
to negative inside the battery. 
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Fig. 5-5. Potential decreases from negative to positive charges or from negative to positive terminals 

outside a power supply. 

Now, as at the left in Fig. 5-4, we shall connect a wire conductor between negative and positive terminals 
on the outside of the battery or power supply. Mien the electron, full of energy or working ability, is at the nega-
tive terminal it immediately starts through the conductor toward the positive terminal. This happens because the 
negative electron is repelled by the negative charge at the negative terminal while being attracted by the 
positive charge at the positive terminal. The electron cannot travel back through the battery, for there it 
would encounter the chemically released force which acts oppositely. And so the electron travels through 

the external wire. 

Thatwire conductor is not easy to get through. For one thing it is full of stationary atoms with which the 
electron collides no matter in what direction it moves. Lots of the atoms have temporarily lost one of their 
own electrons, and they try to pull our struggling free electron into themselves. The task of the electron in 
getting through the conductor is like your trying to rush through a hallway thickly studded with stationary 
pillars, many of which have long, sharp hooks to catch you. You would have to do a lot of dodging, a lot of 
pushing and pulling, a lot of work in getting through the hallway, and so does the electron have to do a lot 

of work in getting through the conductor. 

The store of energy(workingability)possessed by the electron when leaving the negative terminal enables 
the electron to do the work of getting through the conductor. But, as the electron progresses, more and more 
of its energy is used up in doing this work. By the time the electron gets to the positive terminal, at the 
right in Fig. 5-4, all the acquired energy is gone. 

It is natural to ask what happens to the energy lost by the electron in getting through the conductor. Well, 
every time the electron hits an atom, work is done on that atom at the expense of energy lost by the electron. 
The moving electron, and billions of others traveling with it, strike the atoms as you might repeatedly strike 
a piece of steel with a hammer. Try it, and the steel will become hot from the work done on it. Electric 
energy lost by the electron is changed into heat energy in the atoms. Heat is another of the many forms in 

which energy may exist. 

If you think that tiny electrons cannot strike tiny atoms hard enough to produce heat, remember that there 
are countless billions of collisions in every small fraction of an inch of conductcr. For further proof, feel a 
wire that is carrying electricity, look at the filament in a lighted electric lamp, or at the heater inside an 

electronic tube in a radio or television receiver. 
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Fig. 5-6. The cathode, the control grid, and the plate of an electron tube. 

POTENTIAL. Once more back to the elevated weight. When the weight is off the ground, at any height, 
it possesses more energy than when lower down. Energy in a body which results from the position of that 
body is called potential energy. The word potential, coming from "potent", means having ability to do things, 
such as work. 
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Fig. 5-7. The cathode of an electron tube, with the plate and grid removed. 

The electron at the negative terminal of the battery possesses electric potential energy. The elevated 
weight possesses mechaaical potential energy. When the electron is at the negative terminal, Fig. 5-5, the 
electron possesses maximum potential energy, just as the weight possesses its maximum potential energy 

when fully elevated. 
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Fig. 5-8. There is an electric field between cathode and plate inside the tube. 

If it is just as hard for the electron to work its way through any particular inch of conductor as through 
every other inch, the electron will have lost half its potential energy when it gets half way from negative 
to positive. The weight will have lost half its potential energy when it gets half way through its fall back 
to the ground, for at that point the weight will be capable of doing only half the original number of foot-
pounds of work. When the electron arrives at the positive terminal its potential energy will be zero, as is 
also the energy of the weight when it reaches the ground. 

The quantity of potential energy remaining in the electron is strictly proportional to how far the electron 
has traveled from negative to positive. The energy is proportional to the distance from the negative terminal 
to where the electron might be, or to the distance remaining between that point and the positive terminal. 
Now, even were no electrons traveling through the conductor, every point along that conductor still could 
be described as having some certain potential. That potential would be the value which would have to be 
in an electron at that point, were any electron present. 

It really is this characteristic of points or positions between electric charges that is called potential. 
The electric potential at any point will tell us how much energy must be possessed by whatever electrons 
happen to be at the point where the potential is measured. 

This thing called potential is not a property of the wire conductor between terminals of the power supply, 
it exists in just the same manner with the wire removed. Potential relates to points or positions between 
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negative and positive charges. 'Were an electron to travel through empty space from the negative terminai to 
the positive terminal,the change of energy in the electron and the decrease of potential along the path would 
be exactly the same as though the electron were traveling through a connecting wire. 

Now let's come up to catch our breath. Quite likely you were beginning to feel that we dove off the deep 
end into a sea of theory. Not at all. We simply were talking about what happens inside all the tubes used 
in television and radio. If you remove the glass or metal outer envelope from one of the simpler types of 
tubes the internal parts will appear as in Fig. 5-6. At the center is the cathode which is heated to make it 
emit free electrons. Around the outside is a hollow cylinder called the plate. In the space between cathode 
and plate is a coil of fine wire with its turns widely spaced. This is the control grid for this type of tube. 

Fig. 5-7 shows the tube base and internal supports with only the cathode left in place. The plate has been 
set down alongside the tube. The control grid is not in this picture. Inside the tube there are no conductors 
of any kind between the cathode, grid, and plate. Each of these "elements" are separated from the others 
by space which is practically empty, because inside the tube there is a nearly complete vacuum. Electrons 
emitted from the cathode travel right past the grid wires and to the plate, through nothing but space. 

Free electrons go from cathode to plate inside the tube because the cathode is negatively charged and 
the plate is positively charged. The elements are kept charged by connecting them externally to a power 
supply, through conductors which go down through the tube base and into the base pins. It is fairly easy for 
the electrons to flow through the space inside the tube, for in the highly evacuated interior of the envelope 
there are relatively few atoms of gases with which the electrons may collide. 

ELECTRIC FIELDS. Even though there is a nearly complete vacuum inside the tube and between the 
elements, there still is something of great importance in this space. This thing is an electric field whose 
position is shown by broken lines in Fig. 5-8. The electric field is only a force, it is nothing which we can 
see. To understand the meaning of an electric field, think away back to your experiments with the sealing 
wax and the metal foil. The wax would pull the foil while the two were as much as three or four inches apart. 
Viere you to hang the foil from a very flexible thread, and give the wax a brisk rubbing, you would find that 

the force of attraction extends for a long distance. 

The space in which are acting the forces of attraction and repulsion is an electric field or electrostatic 
field. The words electric and electrostatic, as used in television and radio, may mean the same thing. 

Even though you have an electric charge all by itself in space, nowhere near an opposite charge, there 
still is an electric field all around the first charge. There is no particular point at which the field ends; it 
just spreads out through more and more space and becomes weaker and weaker as we move away from the 
charge that is maintaining the field. Although such spreading fields have important effects, we are more 
interested for the present in electric fields which exist between negative and positive charges not so very 

far apart. 

Of all the electric fields with which we shall be concerned in television and radio none is more interest-
ing in its effects, and in what we may do with it, than the field between charges on cathodes and plates of 
tubes. At every point in this field there is a certain potential. If an electron is at some certain point in the 
field, that electron possesses energy proportional to the potential at that point in the field. 

THE VOLT. Potentials at points in an electric field, potentials at the charges which maintain the field, 
and the potential energy of electrons at various points in the field or in the charges, all are measured by a 

unit whose name is most familiar. This unit is the volt. 
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Fig. 5-9. One coulomb of electrons does 0.7376 foot-pound of work while losing one volt 
of potential energy. 

The meaning of a potential energy of one volt is shown by Fig. 5-9. If one coulomb of electrons would 
have to do 0.7376 foot-pound of work in traveling from a negative charge to a positive charge, or from a neg-
ative to a positive terminal, the potential energy in the coulomb of electrons when leaving the negative 
terminal would have to be one volt. That is, in order that one coulomb of electrons may have the ability to 
do work equivalent to 0.7376 foot-pound of work, this quantity of electrons must have energy proportional 

to one volt of potential. 

Another way to define a volt is to say that it is the difference 
electrons will move when doing 0.7376 foot-pound of work. Still 
difference of potential through which one coulomb of electrons will 
is done on the electrons. This latter definition would apply to the 
in which work is done on electrons to move them from positive to 

of potential through which one coulomb of 
another way is to say that one volt is the 
be moved when 0.7376 foot-pound of work 
inside of a battery or other power supply, 

negative. 

In Fig. 5-10 is represented a potential difference of 6 volts between charges or terminals, also the de-
crease of potential from one charge to the other, and the fraction of the original maximum energy remaining 
in electrons which have reached various potential points in between the charges or terminals. 

It is quite probable that, after finishing this lesson, you may never have to think about these precise def-
initions of a volt. You will become so familiar with what may be accomplished by potentials and potential 
differences of certain numbers of volts that you won't need to think about definitions. But here in the be-
ginning it is essential to realize that there really are definite relations between potentials and electron en-
ergy orworking ability. If you keep it in mind that there actually is such a relation, everything will be fine. 

ELECTROMOTIVE FORCE. The force which gives energy to electrons as they go through the inside of a 
battery or any other kind of power supply is called electromotive force. This is the force which makes the 
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Fig. 5-10. Potential energy in electrons decreases as the volts of potential decrease. 

electrons travel from positive to negative inside the battery or power supply. Electromotive force may come 
from chemical energy in batteries, from light energy in photocells, from heat energy in thermocouples, and 
from energy of motion in electric generators and in certain kinds of crystals. All these are devices for con-
verting their original form of energy into the potential energy imparted to electrons passing through them. 
The name electromotive force is abbreviated to emf. When coming to this abbreviation in reading we hardly 
ever say "electromotive force", we just pronounce the three letters, and say "ee-em-eff". 

The unit of measurement for emf is the volt. If a power supply is capable of doing 0.7376 foot-pound of 
work on each coulomb of electrons passing through it, that source is furnishing an emf of one volt. Thus we 
learn that emf, in volts, is a measure of the energy imparted to electrons as they pass through a power supply. 
A single dry cell furnishes an emf of slightly more than l'/2 volts, anddoes soregardless of the size of the 
cell. How much emf is furnished depends on the kinds of chemicals in a cell, not on how many ounces or 
pounds may be used. 

ELECTRICAL RESISTANCE. Probably you have noticed when using a flashlamp that the light finally 
becomes quite dim as the cells or battery run down or become discharged. Yet when the battery is so far 
gone as to make the flashlamp filament hardly red the battery is furnishing just as much emf as when brand 
new and fresh. Then why doesn't the lamp light brightly? The answer would be easy if we knew more about 
opposition to electron flow, and before long we must know a lot more about this opposition or there will be 
many service questions which cannot be answered. 

We have talked about electrons and their flow through conductors and through empty spaces. We have learned 
about quantities of electrons measured in coulombs, and about rate of flow mefsured in amperes. We have 
learned about work and energy, about potential and potential difference, about emf's, and about measuring 
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these things in volts. But knowing all about amperes and volts and what they measure isn't going to help 
solve very many problems in servicing until we know about the opposition to electron flow which exists in 
all things. 

Opposition to electron flow is called electrical resistance. Since everything we talk about is electrical, 
we usually call this opposition just resistance. 

When it comes to measurement of resistance the television-radio technician really has things easy, because 
there is a unit of resistance which is as simple as the ampere for measurement of electron flow rate, and the 
volt for measurement of potentials and emf's. In no branch of science other than electricity is there any simple 
unit for opposition to flow. 

Were you learning to be a heating and air conditioning engineer you could specify opposition to air flow 
only by saying that a certain duct requires so many pounds per square inch of air pressure to maintain a flow 
of so many cubic feet per minute. Were you learning to be a hydraulic engineer or a master plumber you would 
deal with pounds per square inch per cubic foot per minute per foot of pipe. But the radio-television technic-
ian can say that some certain wire, resistor, or tube has resistance of so many ohms — just the word ohms 
tells the whole story. Knowing the ohms of resistance the technician can tell in a jiffy how many amperes 
or milliamperes will flow with any given potential difference in volts, and what potential difference must 
exist to cause any given flow rate. 

Fig. 5-11. Resistors such as used in television and radio receivers. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 5 - Page 14 

t-r— 1 

II OHM I 

1 AMPERE FLOW 

>a. 

1 OHM RESISTANCE 

1 VOLT 
POTENTIAL 
DIFFERENCE 

Fig. 5-12. When electron flow between two points is at the rate of one ampere, and potential difference 
between the same two points is one volt, the resistance between these two points is one ohm. 

Resistors, whose chief purpose is to provide resistance where we need it, are one of the "big four" in all 
television and radio circuits. The other three are capacitors, inductors, and tubes. We have looked at many 
pictures showing the wiring and small parts underneath the chassis of receivers. Dozens of resistors were 
visible in those pictures. Fig. 5-11 shows a few resistors by themselves. At the center is a type whose re-
sistance may be adjusted to various values while a receiver is operating. All the others are fixed resistors, 
whose resistance in ohms cannot be altered after they are manufactured. 

The unit of electrical resistance is called the ohm. At the left in Fig. 5-12 are represented two points 
between which there is a potential difference of 1 volt. The rate of electron flow between these points is 1 
ampere. The resistance to flow between these two points is 1 ohm. One ohm of resistance is the amount of 
resistance which allows a flow rate of one ampere when the potential difference is one volt; this is the 
definition for one ohm. At the right in Fig. 5-12 there is a potential of 4 volts at one place and of 3 volts 
at another place. The potential difference is 1 volt. The flow rate is 1 ampere. Resistance between these 
two places along the conductor must be 1 ohm. 

Resistance is something which exists in a conductor whether or not there is any electron flow or any po-
tential difference in the cdnductor. Resistance is a property of the conductor itself. There are several fea-
tures of a conductor which affect its resistance. First of all, the resistance or opposition to electron flow 
depends on the kind of material in the conductor, on the extent to which free electrons get tangled up with 
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Fig. 5-13. Resistance varies directly as the length of a conductor, but varies inversely as the square 
of the diameter. 

the stationary atoms and on how tightly the atoms hang onto their outermost electrons. 

The atoms in mild steel hang to their electrons more than six times as hard as do the atoms in copper 
used for hook-up wiring. You might cut off a piece of copper wire having a resistance of exa ctly 1 ohm, then 
cuta piece of galvanized steel wire of the same length and same diameter. The resistance of the steel wire 
would be about 6 1/3 ohms. The same length and same diameter of the kind of wire used in many resistors 
would have resistance of about 60 ohms. 

Two other factors which affect resistance are illustrated by Fig. 5-13. At the top áre three conductors, 
all of the same material and of the same diameter. Doubling the length doubles the resistance. Halving the 
length halves the resistance. Resistance is directly proportional to length of a conductor when nothing else 
is changed. 

At the bottom are three more conductors, all of the same material and of the same length. The diameters 
differ. The diameter of conductor B is twice that of conductor A, and the diameter of C is half that of A. 
Cross sectional area varies as the square of diameter. This is the area, in square inches, exposed on the 
end of a conductor which has been cut straight across. When we multiply diameter by 2 the cross sectional 
area is multiplied by the square of 2, which is 2 times 2, or 4. For 1/2 the original diameter the cross sec-
tional area is proportional to the square of 1/2, which is 1/2 times 1/2, or 1/4. 

Resistance varies inversely as the cross sectional area of a conductor, all other things being unchanged. 
That is, with twice the area there is half the resistance, with half the area then., is twice the resistance, 
and so on. Conductor B has 2 times the diameter of A, so has 4 times the cross sectional area. With 4 times 
the original area we have 1/4 the resistance. Conductor C has 1/2 the original diameter, so has 1/4 the 
original cross section. With 1/4 the cross section we have 4 times the original resistance. 

It is easy to see why resistance must vary directly with length. It is twice as hard for electrons to get 

A 
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through 2 feet of a given conductor as through 1 foot of the same conductor, just as you would have to do 
twice as much work in getting through twice the length of a hallway full of pillars to oppose your progress. 

It is not difficult to see why resistance varies as it does with diameter or size of a conductor. With twice 
the diameter, and four times the cross sectional area, there will be four times as much material and four 
times as many atoms and four times as many free electrons. With four times as many electrons acted upon 
by attraction and repulsion there will be four times the flow rate. Four times the flow rate, with the same 
potential difference, must mean only one-fourth the original resistance. 

We have used some numbers and fractions, and some arithmetic, to show in a definite way why certain 
things are true. Don't worry about remembering the arithmetic, but remember two facts. Resistance varies 
directly with length of a conductor. Resistance increases as diameter gets smaller, and does so proportion-
ately to the squares of the diameters. 

ig. 5-14. Measuring the resistance of a filter choke by means of a voltmeter and a current meter. 
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There is one more thing which alters the resistance of conductors. It is temperature. In all pure metals, 
and in most alloys or mixtures of metals, resistance increases as temperature rises — and decreases as 
temperature drops. We shall look into the relations between temperature and resistance a little later on. 

It is possible to measure the actual resistance of any conductor by applying to the ends of the conductor 
some certain difference of potential, which can be measured in volts, then measuring the current or rate of 
electron flow caused by this potential difference. The number of volts potential difference divided by the 
number of amperes of electron flow rate, equals the number of ohms of resistance. 

This method of resistance measurement is being used in Fig. 5-14. The resistance of a filter choke (a 
kind of inductor) is being measured by using two dry cells as the power supply or the source of potential 
difference, by using a voltmeter to measure the actual potential difference, a nd by using a current meter 
to measure the rate of electron flow in the unit being measured. 

There are easier ways of measuring resistance. Service technicians make such measurements with an in-
strument called an ohmmeter. When you connect an ohmmeter across any conductor, the number of ohms re-
sistance is directly indicated on the scale of the meter. When you know a little more about relations between 
volts, amperes, and ohms, you will know why an ohmmeter gives direct readings of resistance. 
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A BAD MISTAKE 

This is the story of one of the most unfortunate errors ever made in science. Long before there was radio 
or television, and before men knew about free electrons, it was arbitrarily assumed by scientists of that 
day that electricity flows from positive to negative in conductors outside a power supply or source. 

Dnringall the years in which production and distribution of electric power had their beginnings and much 
of their industrial development, all text books, instructions, and wiring diagrams were based on the wrong 
assumption that electricity flows from positive to negative in conductors outside a source of potential, whereas 
we now know that the only actual flow of anything at all is that of electrons from negative to positive. 

By the time the truth became known it was too late to undo the damage; it was impossible to have every-
one agree that, at some certain day and hour, they would reverse their idea about the direction of electric 
flow. Consequently, even to this day, a big part of the electrical world talks about flow from positive to 
negative outside the sources. 

Some people try to get around the contradiction by saying that electricity flows from positive to negative, 
while electrons flow from negative to positive — but they cannot explain of what their kind of electricity 
consists. Others say that " conventional" flow is from positive to negative, while actual flow is from neg-
ative to positive. 

Only in radio, television, and some other electronic fields does everyone recognize that the only flow is 
of electrons, and the only direction of their flow while outside a source is from negative to positive. In our 
work with alternating potentials and currents the direction of flow need not be considered, for it is first one 
wayand then the other. But even then, the instantaaeous flow always is from negative to positive, and when 
the flow reverses it is because the negative and positive polarities of charges and potentials have reversed. 

Listed below are various reference books dealing with the direction of electron flow and current. You may 
be able to secure one at your library if you wish to do some additional research on this interesting subject. 
The exact page where our particular theme can be found is also noted. 

Elements of Electricity, W. H. Timbie, 2nd Edition, page 539 

Manual of Radio Telegraphy and Telephony, U. S. Naval Institute, 8th Edition, page 9 

Radio Instruments and Measurements, U. S. Bureau of Standards, 2nd Edition, page 8 

Van Nostrand's Scientific Encyclopedia, 2nd Edition, under Electronics. 

Standard Handbook for Electrical Engineers, Knowlton, 7th Edition, page 33. 
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CIRCUITS FOR RADIO AND TELEVISION 

PREFACE 

As you work on television receivers, and radio receivers, with the help of service manuals issued by the 
manufacturers, you will find detailed information on how to trace trouble to some one part of the set. Then, 
time after time, you will read a statement something like this: "The exact point of trouble now may be found 
withroutine tests of continuity, resistance, and voltage." You are supposed to know how to make these all-
important tests, which really are ordinary routine procedure for the experienced technician. 

A continuity test shows only whether conductors extend all the way between certain points, and whether 
there may be electron flow in parts and connections between these points. 

Resistance tests mean measurements of actual resistances between various points, in comparison with 
values of resistance which should exist when the receiver is in good order. 

Voltage tests mean measurements of actual potential differences, usually between chassis metal and cer-
tain specified points, in comparison with values of potential difference which should exist when the receiv-
er is in good condition. 

As part of their service data, manufacturers usually furnish either tables, charts, or diagrams showing re-
sistances or voltages or both. 

In this lesson we shall commence making tests of resistances and of potential differences in a simple 
circuit of an actual receiver. Then we may proceed to interpreting the results of these tests as they indicate 
possible troubles. Continuity tests are so simple that we shall practice them later on. Our job won't be 
completed in this one lesson, but there will be a good start. 

cmcurrs FOR RADIO AND TELEVISION 
If you ask a radio service technician what one instrument he uses more often than any other he is almost 

certain to say it is his volt-ohm-milliammeter. Maybe he will call this instrument a set analyzer, but it 
means the same thing. Fig. 6-1 is a picture of a volt-ohm-milliammeter. There are many other sizes, and 
many special features in various makes and models. But all of them do what their name implies, they measure 
volts of potential difference, ohms of resistance, and milliamperes of electron flow or current. 

In the preceding lesson we learned enough about potential difference, resistance, and electron flow to 
proceed with some practical measurements in a receiver. Of course, we are not yet very expert in these 
matters, consequently it will be well to pick something simple to begin with. From the electrical standpoint 
nothing in a receiver is simpler than the connections for the cathode heaters of the tubes, so that is where 
we shall do some checking. 
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Fig. 6-1. A volt-ohm-milliammeter used for service tests. 

We already have looked at a tube with its envelope removed and with only the cathode left in place. Were 
you to remove the cathode carefully the heater would be exposed. The heater is a length of wire having 
considerable resistance. Spread out, this wire would appear as in Fig. 6-2. When we apply potential differ-
ence to the ends of the heater wire, by way of pins on the tube base, the resulting electron flow will raise 
the temperature of the heater wire high enough to make it bright red. Heat passes into the surrounding cath-
ode, which becomes dull red. Then the cathode emits electrons. 
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Fig. 6-2. The heater as it appears when the cathode is removed. 

E 

Our first measurements will be made on a radio set having a total of six tubes. The two ends of the heat-
er in each tube are connected to two of the pins on the tube base. When the tube is pushed into a socket the 
base pins make contact with extended lugs on the bottom of the socket. To these lugs are connected the 

wires which bring potential difference to the heater. 

In Fig. 6-3 you can see how the six sockets for the six tubes appear from underneath the chassis. The 
only wires which have been installed and connected are those for the tube heaters. In spite of the fact that 
we have here the simplest of wiring it obviously is difficult to show the paths for electron flow and the paths 
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Fig. 6-3. CI iring for the tube heaters, as seen from underneath the chassis. 

in which there is change of potential energy by using a photograph. 

Service technicians have little use for photographs. They much prefer wiring diagrams. A technician would 
rather have one good wiring diagram than a basket full of photographs. Fig. 6-4 is a wiring diagram for our 
heater connections. In addition to the wires shown in the photo, this diagram includes connections to the 
a-c (alternating-current) power line and to the on-eff switch of the receiver. 

SOCKETS AND TUBE BASES. Each of the sockets in this receiver has eight lugs, they are called octal 
sockets. As shown by Fig. 6-5, in the center of each socket is a hole into which fits a round extension on 
the tube base. On this base extension is a lengthwise ridge or key, and in the socket hole there is a length-
wise groove orkeyway to take the key when the tube is pushed home. The key usually is called the locating 
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Fig. 6-4. A wiring diagram of the heater circuit. 

DETECTOR 
A-F 
AMP 

key, for it locates or determines the position of the tube in the socket. 

When looking at the bottom of a socket, and the locating key is pointing towards you, the lugs 
are numbered from 1 to 8, clockwise, starting at the left of the locating key. When looking at the 
top of the socket, where the tube pushes in, the pin holes are given corresponding numbers. The 
numbers go around counterIclockwise when looking at the top. Pins on the tube base are assigned 
numbers to correspond with numbers of the socket lugs. 

Some sockets have these numbers formed right on them, but whether or not the numbers appear you are 
supposed to know their positions with reference to the locating key. There seldom are numbers on the tube 
base, but again you are supposed to know the number of each pin according to the diagram of Fig. 6-5. 

A HEATER CIRCUIT. Now we may go back to Fig. 6-4 and trace the heater circuit. A circuit is a path 

A 
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Fig. 6-5. Standard numbering for lugs or terminals, and pin holes, on an octal socket. 

in which electrons may be made to flow, either in one direction or back and forth, when a potential difference 
is applied to the ends of the path. The greater portion of a circuit or a flow path ordinarily consists of wires 
and other metallic conductors. However, electrons may be made to flow in the evacuated space inside the 
tubes, and they may be made to flow in liquids contained in some kinds of batteries and some photocells — 
so a circuit need not consist wholly of metallic conductors. 

All useful circuits contain one or more loads. A load is anything wherein the electrons may expend some 
of their energy and do work that is useful or desired. The entire receiver is a load on the power line. Tubes, 
resistors, inductors, capacitors, and other parts are loads on the receiver power supplies. Of course, all the 
wires and other metallic current-carrying parts of the receiver have some resistance to electron flow, and 
some energy is lost by electrons traveling in them. But in well designed apparatus the resistance of these 
conductors is so very small that loss of energy in them is negligible in comparison with that lost in the 
loads. As a consequence, when talking about resistances in a circuit we seldom need to pay tiny attention 
to the slight resistance of wiring and other conductors which are not parts of any load. 

The chassis of receivers are made of steel, aluminum, or other metals. All metals are good conductors, 
so the chassis metal is used as a circuit conductor in nearly all cases. The total cross sectional area of 
this metal is so great that, even with a metal such as steel, the resistance is exceedingly small. 

As the word circuit is used in practice it may apply to only a few parts and connections. We may have a 
heater circuit including only the tube heaters and their connections. We may have a plate circuit, or a grid 
circuit, or a speaker circuit, and so on. Using the word in this manner, a receiver is made up of a great many 
circuits. 
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Fig. 6-6. A schematic diagram for the heater circuit. 

Before tracing through our heater circuit we shall look at a kind of diagram which most experienced tech-
nicians prefer even over wiring diagrams. This other kind is called a schematic diagram. A wiring diagram, 
as you may see by comparing Figs. 6-3 and 6-4, shows the parts and the wiring connections in the positions 
they actually occupy. A schematic diagram pays no attention to actual positions but shows parts and con-
nections in whatever way makes the electrical performance most clear. A schematic shows the "scheme of 

things". 

Fig. 6-6 is a schematic diagram of the heater circuit. First we note the simplicity of the diagram and the 
ease with which connections may be followed. Then we note that this schematic diagram shows the electron 
flow paths not only as far as the socket lugs, but right through the heaters in each tube. The tubes are rep-
resented by circles and the heaters by inverted V's. These are standard symbols for tube envelopes and for 
heaters. The switch is represented by a simple symbol which makes plain the action of opening to break the 

conductive path, and of closing to complete the path. 

Terminal8of the combined detector and a-f (audio-frequency) amplifier tube, also one side of the a-c line, 
are shown connected to ground. The symbol for a ground connection is a number of unequal horizontal lines. 

Ground, in this particular case, is the metal of the receiver chassis. 

GROUNDS. A ground originally referred to, and still may refer to, a connection into the great mass of the 
earth. When the soil is moist, as usually it is after penetrating only a little way below the surface. the 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 6 - Page 8 

earth is a good electrical conductor. It contains the greatest imaginable quantity of free electrons. It is 
assumed, correctly, that the quantity of free electrons in the earth is so great that no quantities which might 
be added or withdrawn could have any measurable effect on the potential of the earth. For this reason, the 
potential of the earth orground is considered as zero when no other reference value is specifically mentioned. 

If we speak of a potential of some certain number of volts, without stating or implying that the voltage is 
with reference to some one point in a circuit, this potential is with reference to the earth or ground as zero. 

When we wish to make a ground connection from a receiver to the earth it is usual practice to run a heavy 
wire from chassis metal to a cold water pipe or to some other good conductor running deep into permanently 
moist soil. In this ground wire there is so little electrical resistance and so little possible change of poten-
tial that the potential of the receiver chassis becomes practically the same as that of the earth, which is 
zero potential. 

In most modern receivers we do not use a wire connection from the chassis metal to a cold water pipe or 
other earth ground, yet it is general practice to speak of the chassis metal as ground. More correctly it is 
called the chassis ground. All conductors connected to the chassis ground are effectively connected together 
through this path of low resistance. All are at the same potential so far as direct-current circuits and low-
frequency alternating current circuits are concerned. Other points in any connected circuit may be either 
positive or negative with reference to chassis ground, they may have either deficiencies or excesses of free 
electrons with reference to the normal or neutral quantity in the chassis or ground. 

ALTERNATING POTENTIALS. As mentioned before, the potential difference applied to our heater circuit 
comes from the a-c (alternating-current) power line. In any a-c power line the potential in each of the two 
wires becomes alternately positive and negative. If, for example, the line frequency is 60 cycles per second 
the potentials in both wires go through. one complete change during every time period of 1/60 second. 

The potential of each line wire varies as shown at the top of Fig. 6-7. Potential goes first from zero to 
the maximum positive value, then back to zero and to the ITIFIX1 MUM negative value, and back to zero again 
during each 1/60 second. In the lower diagram are represented the simultaneous changes of potential in the 
two wires of the power line, with the alternating potential of one wire marked A and of the other wire marked 
là. During each half-cycle in which wire A is positive, wire B is negative. During each half-cycle in which 
wire A is negative, wire B is positive. The two potentials always are opposite except when there is no po-
tential at all, as both pass through their zero values. 

The potential difference between the two wires of the power line is continually varying between zero and 
maximum. Were this varying potential difference applied to a resistance the resulting electron flows would 
produce heat in the resistance material. Were we to disconnect the a-c supply wires from the resistance and 
apply instead a steady potential difference, it would be possible to adjust this steady potential difference 
to a value producing just the same heating effect as produced by the alternating potential. 

We might measure the steady potential difference and find it to be 100 volts. Then the "effective voltage" 
of the alternating potential from the a-c line would be called 100 volts. To have an effective (heating) value 
of 100 volts, the alternating potential difference would have to change between zero and 141.4 volts. All 
ordinary service voltmeters for measurement of alternating potentials are designed to indicate effective 
values of potential on their dials. This includes the volt-ohm-milliammeters. 

Voltages of a-c power lines always are specified in effective volts. If your home supply is at 110 to 120 
volts, this is the range of effective voltage. All television and radio receivers designed for operation on 
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F ig. 6-7. How potential varies at one wire (above) and how potentials vary at the two wires (below) of 
an alternating-potential power supply. 

110-120 volt a-c power lines are adjusted for normal operation at an effective alternating potential difference 
of 117 volts. 

POTENTIAL DROP. Now, with the help of the a-c volts scale of our volt-ohm-milliammeter or with any 
suitable a-c voltmeter, we shall check the potential differences in the heater circuit. You have learned that 
there is variation of potential from a negative to a positive charge, or from a positive to a negative charge, 
or between positive and negative terminals of a power supply. The a-c line is our present power supply, 
Neither end is constantly positive or negative, they alternate continually. But our voltmeter will show what 
happens, just as though one end were always negative and the other always positive. %hen we apply across 
this heater circuit an alternating potential difference of 117 effective volts, meter indications will be the 
same as though we were applying a steady one-way (direct) potential of 117 volts. 

Our first measurements will be of the potential differences across the heaters of each of the tubes while 
the effective potential difference across the line is 117 volts. Voltages across the individual heaters are 
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Fig. 6-8. Potential differences as measured across the heaters of each of the six tpbes. 

shown by Fig. 6-8. Add all these separate voltages together. Their sum is 117.0 volts. The total potential 
difference from the line provides all the separate potential differences for the heater circuit. Incidentally, 
these heater potential differences were measured on a real receiver with the applied a-c potential adjusted 
to 117.0 volts. Service shops often use voltage adjusting transformers to bring testing voltages to a desired 
value when actual power line voltage is too low or too high. 

Our next voltage check is illustrated by Fig. 6-9. One terminal of the testing meter is connected to one 
side of the power line in the receiver and left there. The other terminal of the meter will be connected suc-
cessively to points marked a, b, c, and so on through to h. With the meter connected to point a the voltage 
reading is zero. 

This zero reading is the result of having both sides of the testing meter connccted to the same conductor 
(chassis metal), which is of negligible resistance or of practically zero resistance. One side of the meter 
connects to this chassis metal at grounding point a, the other side connects to chassis metal through the 
power line connection to ground. If a conductor has no resistance the free electrons lose no energy as they 
move in the conductor. Electron energy is measured by potential. If there is no change of electron energy 
there can be no change of potential, no potential difference — and so the meter reads zero. 

Wi hen the testing meter connection is taken away from point a and applied to point b of Fig. 6-9 the meter 
is effectively connected across the resistance of the heater in the left-hand tube. Can you see why this is 
true? If not, look at the small sketch at the bottom left of Fig. 6-9. When the right-hand terminal of the meter 
is connected to ground anywhere in the receiver the results are the same as with this terminal connected to • 
ground anywhere else, because all the ground metal is at the same potential. A connection to the power line 
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Fig. 6-9. The measured potential difference increases as the meter is connected across more and more 
heaters. 

ground, in the main diagram, is equivalent to a connection at the ground on one side of the heater in the 
left-hand tube. V,ith the meter connected to point b the reading is 12.2 volts, just as with the connection 

across the left-hand tube in Fig. 6-8. 

The next test connection is to point c. Points b and c are connected together by a wire of negligible 
resistance. There is no difference of potential in a conductor of negligible resistance. Therefore, the con-
nection at c gives the same voltage reading as the connection at b. 

Next we make a connection to point d. Now the testing meter is effectively connected across the heater 
resistances of two tubes, the combined detector and a-f amplifier, and the converter. The reading is 23.7 
volts. This is the sum of the potential differences across these two tubes as shown by Fig. 6-8. 
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Fig. 6-10. Successive potentials are measured in the reverse order. 

Here is a list of voltage readings with the meter connected to each successive point along the heater 
circuit. The reading at c is omitted because it is the same as at b. 

a = 0.0 volts. 

b = 12.2 volts. 

d . 23.7 volts. 

e = 35.8 volts. 

f = 48.2 volts. 

g 84.7 volts. 

h = 117.0 volts. 

Each time the meter connection is changed we bring in the heater resistance of one more tube. Then the 
voltage reading increases by the potential difference across the added heater resistance. When the meter 
finally is connected to point h it is effectively connected to the right-hand side of the power line, because 
in the wires and on-off switch between h and the line there is negligible resistance and negligible difference 
of potential. We are then measuring power line voltage, just as though the meter were connected as in the 
small sketch at the lower right. 
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Fig. 6-11. The behavior of water particles in a closed water circuit is much like that of free electrons 

in a closed electric circuit. 

In Fig. 6-10 the voltage tests are made in the reverse order. One terminal of the testing meter now is con-
nected to the "high" side of the power line instead of to the grounded side, and is left there. With the other 
meter terminal connected to point a the voltage reading is zero, because between a and the high side of the 
line there is negligible resistance in the wire connections and the on-off switch. Here are the successive 

voltage readings from point a to point g. 

a = 0.0 volts. 

b = 32.3 volts. 

c = 68.8 volts. 

d = 81.2 volts. 

e = 93.3 volts. 

f = 104.8 volts. 

g = 117.0 volts. 

%ith the connection at point b the meter is effectively across the heater resistance of the right-hand tube, 
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Fig. 6-12. A current meter inserted anywhere in a series circuit will indicate the rate of electron flow 
which exists everywhere in the circuit. 

and we read the potential difference across this heater. This potential difference is the saine as shown for 
the same tube in Fig. 6-8. Then, with each following connection we bring in the heater resistance of one 
additional tube, and have voltage readings corresponding to potential differences across the sum of all re-
sistances across which the meter is connected. At point g the meter connection is through the wire conductor 
to chassis ground, through ground to the grounded side of the power line, and through the grounding wire to 
the line. Now the meter is effectively connected across the power line, and reads line voltage. 

HEATER RATINGS. In manufacturer's specifications of tubes are listed the potential differences in volts 
and the currents or electron flows in amperes at which the heaters are supposed to be operated in order to 
produce correct cathode temperatures. Here are the heater ratings for the six tubes with which we have been 
working. 

Detector and a-f amplifier 12.6 volts 0.15 ampere 

Converter 12.6 volts 0.15 ampere 

R-f amplifier 12.6 volts 0.15 ampere 
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I-f amplifier 12.6 volts 0.15 ampere 

A-f output tube 35.0 volts 0.15 ampere 

Rectifier 35.0 volts 0.15 ampere 

The rated operating voltages do not exactly match the measured voltages shown by Fig. 6-8. Voltage is 
somewhat too high on the heater of the a-f output tube, and somewhat too low on the heaters of all the other 
tubes. In spite of this, the receiver operates satisfactorily. Actual operating voltages need not be exactly 
the same as voltage ratings, but the variation preferable is no more than 5 per cent and never should exceed 
10 per cent in practice. On our rectifier the voltage is 7.7% low, on the converter , it isi8-7%Flow, and on the 
a-f output tube it is 4.3% high. Substituting other tubes of the same type numbers would doubtless alter the 

actual voltages or potential differences. 

CURRENT IN A SERIES CIRCUIT. Current ratings are identical for all the tubes, all are rated for opera-
tion with heater current or electron flow of 0.15 ampere. Our heaters are connected in what is called a series 
circuit. In a series circuit all the parts are connected end to end, one after another. Were we to apply a steady 
one-way potential difference to a series circuit, electrons starting their travel at one end of that circuit would 
have to proceed through every other part until reaching the far end of the circuit. This assumes, of course, 
that all parts of the circuit are well insulated or are surrounded by materials through which it is practically 
impossible for electrons to flow. Then electrons travelinb through the circuit conductors and working parts 
cannot escape, nor can other electrons enter except at the ends of the circuit. 

The rate of electron flow must always be exactly the same in every part of a series circuit. That is, the 
amperes, milliamperes, or microamperes of flow rate in any one part must be identically the same as in every 

other part of the same series circuit. 

The reason for the uniform rate of electron flow in a series circuit may be understood with the help of 
Fig. 6-11. Here we have a water circuit including pipes of various sizes and shapes, and a reciprocating 
water pump. All the parts are connected end to end, so this is a series water circuit. This water system is 
assumed to be completely filled with water. When the piston or plunger of the pump is moved back and forth, 
water will be forced to move back and forth in every part of the water circuit. 

Water must flow in every part of the water circuit because water is as nearly incompressible as anything 
•we know of. With water confined in a closed system, no pressure which can be applied by any ordinary means 
willreduce the water volume in the least. The pressure might burst the conductors, but it would not compress 
the water. Consequently, the water flow rate, as measured in cubic feet per second, must be the same in 
every part of the water system. Speed of the moving water may vary, it will be slow in the bigger pipes and 
relatively fast in the smaller pipes. But the rate of flow (cubic feet per second) will be the saine everywhere. 
When you send water into one end of this closed water circuit at a rate of so many cubic feet per second, 
water must come out at the other end at the same number of cubic feet per second. There is nowhere else 

for the water to go unless it bursts the piping. 

Free electrons in a series electric circuit composed wholly of conductors behave like water in the closed 
water circuit. Every conductor in the electric circuit is as full of free electrons as it can be. The electrons 
may be moving only in random directions between atoms, but they are there. 

Free electrons in a conductor are as incompressible as are water particles in a pipe. To understand why, 
we mustremember that a conductor is a material in which free electrons move very easily from place to place. 
Were you to push more electrons into one end of a conductor in a series circuit the resulting extra negative 
charge at that end would instantly repel negative electrons farther along, they would repel electrons still 
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farther along, and so on until, from the far end would emerge the same quantity of free electrons you pushed 
into the first end. Were you to pull electrons out of one end of a conductor the resulting positive charge at 
that end would instantly pull other electrons from farther along in the conductor. Into the farthest end would 
be pulled the same quantity of free electrons you took out of the first end. 

The insulation which confines free electrons in the conductors of the electric circuit is like the pipe which 
confines water in the water circuit. The alternating potential difference which makes free electrons surge 
back and forth in the conductors of the electric circuit is like the reciprocating pump which makes water 
surge back and forth in the water circuit. 

When the alternating potential difference at one end of the power line becomes something like 10 volts 
negative it simultaneously becomes 10 volts positive at the other end. The 10-volt negative charge will push 
electrons into one end of the electric circuit at some certain rate of flow, measured in coulombs per second 
or amperes. The 10-volt positive charge will pull electrons out of the other end at the same rate. Since free 
electrons act as though completely incompressible, the flow rate everywhere in the series circuit will be 
exactly the same as the flow rate at the two ends. Now we have the reason why all the heaters in our ser-
ies circuit must be rated to carry the same rate of electron flow, in amperes. 

HEATER RESISTANCE. In an earlier lesson it was stated that resistance in ohms may be computed when 
we know the potential difference across the resistance and the rate of electron flow in amperes through the 
resistance. The rule is exceedingly simple. All you need do is divide the number of volts potential differ-
ence by the number of amperes electron flow, and the answer is the number of ohms of resistance. The rule 
may be shown this way: 

Resistance in ohms 
Potential difference in volts  
electron flow in amperes 

The same rule may be shown in more compact form by using letter symbols for the electrical values. The 
letter R is the universally recognized symbol for resistance in ohms. The letter E is the symbol for potential 
difference in volts. The letter is the symbol for current or electron flow rate in amperes. By using the 
symbols we may write the rule for resistance like this: 

E 
R — 
— I 

Let's use this rule to compute the resistance of the heater in the tube at the left in Fig. 6-8, where the 
potential difference is 12.2 volts and the current may be taken as 0.15 ampere. The easy way to work with 
decimal numbers is to add enough ciphers to any of them so that all have the same number of numerals at 
the right of the decimal point, then take out the decimal point, and proceed as in the simplest arithmetic. 
Here is our example worked out. 

E 12.2 
H — Putting in the values gives: R (ohms)— 
— I  

12.20 1220 
Simplifying: R= -71-.5— or 15 -- 81 5/15 or 81 1/3 ohms. 

To check the accuracy of our computation we shall take the tube out of its socket, let it cool oft, and 
make a direct measurement of resistance with an ohmmeter. You may be astonished to find that the resist-
ance measures only 12 to 13 ohms. Which is wrong, the formula or the ohmmeter? Neither is wrong, both are 
correct. The discrepancy comes about because you measured " cold resistance" with the ohmmeter, while 
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Fig. 6-13. A voltmeter and a current meter allow measurements for computing resistance at actual operating 
conditions. 

the potential difference and rate of electron flow used in the formula are measured while the tube is work-
ing and while the heater is very hot. 

An ohmmeter furnishes its own potential difference used for measurement of resistance. Inside the ohm-
meter is a battery or a power supply. If an ohmmeter is connected across a resistance to which is being 
applied some other potential difference at the same time, that other potential difference is being applied 
also to the ohmmeter. The result will be a wholly incorrect resistance measurement. More important, in 
nearly every case the ohmmeter will be seriously damaged. An ohmmeter should be used for resistance 
measurements only on parts which are disconnected from their circuits. 

If we wish to measure resistance of parts while they are connected into live circuits, and operating normally, 
it is best done by measuring potential difference and electron flow rate, then using the resistance rule or 
formula. This method is just as useful with parts operating on direct potentials and with direct currents as 
with those, like the heaters, which are operating with alternating potentials and currents. 

At the top of Fig. 6-12 is a direct-current power supply such as often used for testing in service shops 
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and laboratories. Down below, in a series circuit, are a number of parts. From left to right these parts in-
clude a fixed resistor,a filter choke, a current meter, an adjustable resistor, the winding from a transformer, 
and another fixed resistor. When the power supply is turned on, the meter will indicate the current which 
flows in all the parts — because current is the same everywhere in a series circuit. 

In Fig. 6-13 the voltmeter is connected across the end of the series circuit, which means this meter is 
connected also across the terminals of the power supply. The power supply has been turned on. The volt-
meter indicates 48 volts. The current meter indicates 40 milliamperes, which is 40/1000 of one ampere or 
0.040 ampere. To use our rule for resistance we add onto the right-hand end of 48 ( volts) as many ciphers 
as there are numerals at the right of the decimal point in 0.040 (ampere). This gives 48.000. Then we dis-
card the decimal points and divide 48000 by 40, to find that the combined resistance of all the parts in this 
series circuit is 1200 ohms. 

TEMPERATURE AND RESISTANCE. The increase of resistance in the tube heaters, from 12 or 13 ohms 
when cold to more than 80 ohms when hot, is due entirely to change of temperature in the heater wire. The 
high temperature of the heater while operating results from work done and energy expended by electrons as 
they move against the opposition which is called resistance. Then the higher temperature increases the 
resistance. 

The reason why resistance increases with temperature is as follows: What we feel as temperature is due 
to vibration of the atoms of the substance. In a cold substance the atoms are relatively quiet. When energy 
in the form of heat is imparted to the atoms they commence to jump about. The more heat and the higher the 
temperature the more violent becomes the atomic motion. The atoms actually push themselves apart. This 
is why heated bodies expand. If you heat a piece of iron red hot it gets bigger. Raise the temperature high 
enough and the atoms get so far apart that the iron becomes molten. At still higher temperature the iron will 
vaporize. 

About resistance. It becomes harder and harder for free electrons to get through a conductor in which the 
atoms are vibrating more and more violently, just as it would be harder for you to push through a crowd of 
people jumping in all directions than through a crowd standing still. Resistance increases with temperature 
because higher temperature means more atomic vibration. 

Tables which list resistance of various kinds and sizes of wire are based on a temperature of 68° Fahr-
enheit (200 centigrade) unless stated otherwise. Resistances at such temperatures usually are called " cold 
resistances". 

Radio and television apparatus always is designed on a basis of "hot resistance", which is the resist-
ance of conductors, and of parts containing conductors, after they have reached normal operating temperatures. 
In circuits composed wholly of metallic wires and chassis metal the increase of resistance with temperature 
reduces the electron flow rate or current as the parts warm up. 

For resistor wires, and for some other wiring, we may use mixtures or alloys of metals whose resistance 
decreases slightly when their temperature rises. There are other alloy metals whose resistance remains al-
most constant with change of temperature either up or down through ordinary operating ranges. With all pure 
metals, and with most alloys not specifically intended for certain resistance characteristics, resistance 
increases when temperature rises. 

Materials whose resistance decreases with rise of temperature are said to have a "negative temperature 
coefficient of resistance". Resistors of such material may be used in a circuit consisting otherwise of cop-
per wires or pther conductors whose resistance increases with temperature rise. Then the drop of resist-
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ance in the "compensating resistors" balances or nearly balances the rise of resistance in other parts, and 
the overall resistance of the entire circuit remains nearly constant with change of temperature. 

The fact that some materials have negative temperature coefficients hardly fits with our explanation of 
why resistance increases when higher temperature makes atoms vibrate more strongly and impede electron 
flow. It is thought that in these negative temperature materials many electrons are so loosely held by the 
atoms that increase of electron energy due to heat causes immense quantities of these electrons to become 
free electrons. The added quantities of free electrons more than make up for the greater opposition to flow 
through the vibrating atoms, with the result that electron flow increases. More flow means less resistance. 

Our measurements of voltages and resistances in the heater circuit have brought out many facts which 
will be useful in all work to come. In the following lesson we shall move up to the plate circuit of the audio 
output tube. This circuit includes not only the output tube but also the rectifier tube, part of the d-c power 
supply, and part of the loud speaker. Needless to say, we shall run into many highly interesting and worth 
while methods of service testing. 
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SERVICE TESTS IN A PLATE CIRCUIT 

Now we are ready to follow electron flow in a path quite a bit more intricate than that for the tube heaters. 
This new path is the plate circuit for an audio output tube, the tube which furnishes signal power to oper-
ate the loud speaker. When working with the heater circuit we dealt with only alternating potential differ-
encesand alternating current orelectron flow. In the plate circuit we shall be dealing with direct or one-way 
potential differences and with direct current or electron flow. 

This does not mean that we have only direct potentials and currents in a plate circuit, for signal voltages 
appear in plate circuits, and they alternate at-various frequencies. It does mean that we require direct po-
tentials to keep free electrons traveling from cathode to plate inside the tube. Then signal voltages vary 
the rate of this electron flow in ways which we shall talk about when getting into the subject of signal am-
plification in tubes. In this lesson we are going to make measurements of only the direct potentials. This 
is one of the first things a competent technician does when commencing to look for elusive troubles in a 
receiver. 

The receiver on which our measurements will be made is pictured in Fig. 7-1. It will serve our present 
purposes as well as the biggest television receiver, for the plate circuit of the output tube in this simple 
radio set is just about as tricky as anything you will come across. The audic output tube is the one just 
behind the speaker, the tube with a glass envelope. In the plate circuit of this tube is included part of the 
speaker cSupling transformer or output transformer, which you can see on top of the speaker. Also in the 
plate circuit is the rectifier tube located away over at the left-hand corner, and the filter choke which is 
immediately at the right of the rectifier tube. The power supply for this plate circuit is the a-c power line 
which enters the chassis just below the filter choke. Finally, on the front of the receiver there is the on-off 
switch that will get itself into our plate circuit. 

Fig. 7-2 shows all the larger parts of the plate circuit taken out of the receiver and connected together in 
essentially the same way as when working, except that here the connections between parts are shorter. 
Wereone electron to travel all the way through our plate circuit, this electron would go from one side of the 
power line into chassis ground, and through ground to the free end of the resistor which is at the extreme 
left in the picture. When mounted in the receiver this free end of the resistor is connected to chassis ground. 

Then the electron would go into the output tube, from cathode to plate inside :his tube, and from plate to 
the speaker coupling transformer. After going through the transformer the electron would pass through the 
filter choke to the rectifier tube, would go from cathode to plate inside the rectifier, and from there to the 
ungrounded side of the power line. That's all there is to the plate circuit, so far as direct potentials and 
currents are concerned. But it is astonishing how complicated a plate circuit can appear when it is inter-
connected with a lot of other circuits in a receiver. 

Now to answer your question, for without a doubt you have noted that we connect the plate circuit across 
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Fig. 7-1. Many parts which carry plate current for the output tube are on top of the chassis, but 

the wirir g connections are underneath. 
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Fig. 7-2. The principal parts of the plate circuit as they would appear when taken out of 
the receiver. 

a power line furnishing only alternating potential, yet talk about having direct potential and direct current 
in the plate circuit. 

THE RECTIFIER TUBE. It is the rectifier tube that delivers direct current or direct one-way electron 
flow when alternating potential is applied to this tube. Later we shall have more to do with rectifiers and 
their operation, but the elementary principle is so simple that we may as well examine it right here. 

Atthe top of Fig. 7-3 a rectifier tube is shown by its symbol. Inside the rectifier are only a plate, a cath-
ode, and a heater to raise the cathode temperature so electrons may be emitted from the cathode. This is 
the sole purpose of the heater, so we shall forget it from here on. The same explanation applies to the 
heater in the audio output tube, so we won't even show the heater in diagrams. 

The rectifier plate is directly connected to one side of the power line. The other side of the power line 
connects through the load to the rectifier cathode. Remember, a load is any conductive path in which elec-
trons may flow and do work. 

Electrons emitted from the rectifier cathode are negative. If the plate is made more positive than the 
cathode, these emitted electrons will be attracted to the plate and will enter the plate. If the plate is made 
more negative than the cathode, the negative electrons will be repelled by the negative plate and will neither 
go to nor enter the plate. Electrons can flow through the space within a tube only while the plate is more 
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Fig. 7-3. How a rectifier delivers direct current when alternating current is applied. 

positive than the cathode. Be sure you get this straight, it is one of the most important facts in the whole 
science of radio and television. With some of the rectifiers in television sets you could make the plate 
30,000 volts more negative than the cathode with perfect safety (to the tube) and without getting a tra,e of 
electron flow in the reverse direction. 

Now look at the middle diagram of Fig. 7-3. Here are shown the variations of alternating potentials exist-
ing in the two sides of the power line. One side of the line is connected to the plate and the other side to 
the cathode of the rectifier, as in the upper diagram. During the half-cycle markeeethe rectifier plate is 
made positive and the cathode negative. Will there be electron flow in the rectifier? Yes, of course there 
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Fig. 7-4. The control grid is an open spiral of wire around the cathode. 

will be. During the following half-cycle, markedebe, the plate is negative and the cathode positive. % ill there 
be electron flow?Not a trace. Then there will be electron flow during half-cyclec,"no flow during half-cycle 
sel,"and so on, and on, and on. 

During every half-cycle in which the plate is positive and the cathode negative there will be electron 
flow from one side of the power line through the load to the rectifier cathode, from cathode to plate inside 
the tube, and from plate back to the line. During every intervening half-cycle there will be no flow at all. 
Electron flow will occur in intermittent pulses, as shown at the bottom of Fig. 7-3. All the pulses will be 
of flow in the same direction, because flow can occur in only one direction through the rectifier. Thus we 
have direct electron flow or direct current from an alternating potential. 

THE FILTER CHOKE. It is better to have a steady, smooth flow of direct current rather than the pulsating 
flow. The filter choke does a lot to smooth out the pulsations. A choke consists of nothing more than some 
iron, called the core, around which are many turns of insulated copper wire. Free electrons may flow in this 
copper wire when there is a potential difference across the choke. 

From the manner in which a choke affects electron flow we may think of the choke as a sort of electrical 
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Fig. 7-5. Around the outside of the control grid is another spiral of wire, the screen. 

weight. Imagine yourself holding a weight of maybe a couple of hundred pounds. You couldn't start running 
very suddenly, but once under way it would be hard to stop you. That's what the choke does to the electron 
flow, The rate of electron flow cannot become so great during a half-cycle, but at the end of that half-cycle 
the electrons cannot stop very quickly and the flow carries on into the time of the following half-cycle 
during which otherwise there would be no flow at all. Now we have talked about our first inductor, for the 
filter choke is one of the many inductors used in all television and radio receivers. 

There are other parts in the filter system. They are capacitors not shown in our pictures nor diagrams. 
These capacitors help keep the electron flow going during half-cycles in which the potentials are reversed. 
They don't keep flow going through the rectifier, they store up electrons while there is a strong flow, then 
send these electrons on through the circuit while the rectifier furnishes no flow. The capacitors are like 
storage tanks for electrons. However interesting it might be to continue talking ¡lout filter systems, just 
now we must get back to measuring potentials and currents in the plate circuit. 

ELECTRON FLOW IN A TUBE. We have talked about a rectifier tube in which the only active elements 
are a cathode and a plate. The heater is not counted as an active element, because it takes no part in car-
rying or controlling the electron flow that passes through the evacuated space within the tube envelope. 
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Fig. 7-6. Cathode current divides within the tube into plate current and screen current. 

We have talked also about amplifier tubes in which the active elements include a cathode to emit free 
electrons, a control grid to regulate the rate of flow of tnese free electrons through the tube, and a plate 
to receive the electrons and pass them on to the external circuit. But in the output amplifier tube on which 
we are to make measurements, and in a great many other amplifiers, there is a fourth active element. It is 
called the screen grid or, more commonly, just the screen. One purpose of the screen is to help pull free 
electrons away from the cathode and speed them on their way to the plate. The only reason for mentioning 
the screen just now is because we shall need to measure screen voltage, the potential at the screen lug on 
the tube socket. How the screen does its work will appear a little later. 

Were we building up a tube which is to have a screen we should begin, as in Fig. 7-4, by placing around 
the cathode the spiral of wire which is the control grid. Next, as in Fig. 7-5, we should place around the 
outside of the control grid another wire spiral of greater diameter, but otherwise quite similar. This is 
the screen. Around the outside of the screen would later be placed the plate, which is an open-ended cyl-
inder of thin metal having no openings through its sides. 

In Fig. 7-6 is a symbol for a tube containing a screen. The screen is between the control grid and the 
plate inside the tube. The screen, like the plate, is maintained positive wit .) reference to the cathode in 
order that the screen may do its work of pulling negative electrons away from the cathode. Electron flow 
inside this tube is shown by vertical arrows. All electrons drawn away from the cathode go through the 
spaces between turns of the grid wire. Most of these electrons are then traveling so fast that they go right 
on through the spaces between turns of the screen and reach the positive plate. There are no openings in 
the plate sides, so all the electrons stop there. A relatively small fraction of the flying electrons get caught 
by the positive screen instead of going on through to the plate. 
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Fig. 7-7. Paths of electron flow in the plate circuit. 

LINE 

SWITCH 

GROUND 

In the external parts of the circuit leading away from the plate are flowing all the electrons which reached 
the plate and entered it. This flow is the plate current. In the external circuit leading away from the screen 
are flowing all the electrons caught by the screen. This flow is the screen current. 

Now for something of importance. All free electrons which leave the cathode and go both to the plate and 
the screen must be replaced by free electrons flowing into the cathode from the external circuits. Were the 
emitted electrons not continually replaced, the loss of electrons quickly would leave the cathode so highly 
positive that no more free negative electrons could be pulled away from it. All the electrons which form 
both the plate current and the screen current must come from the cathode. Therefore, enough electrons must 
continually flow into the cathode to equal the sum of the plate current and the screen current. This total 
flow is the cathode current. Cathode current must equal the sum of plate current plus screen current, as 
measured in amperes, milliamperes, or microEunperes. 

ELECTRON FLOW IN THE PLATE CIRCUIT. Let's get acquainted with how electrons flow in the plate 
circuit before commencing actual measurements of voltages. Fig. 7-7 is a schematic diagram of the plate 
circuit. Directions of electron flow are shown by arrows. Starting from the side of the power line connected 
to ground, the flow is through chassis metal to the ground connection below the output tube. Then electron 
flow is upward through resistor R to pin 8 and the tube cathode. 

Most of the electron flow now goes through the tube to the plate and to pin 3, then downward through one 
winding of the output transformer. When there is a signal this transformer will transfer the signal variations 
of voltage from the plate circuit to the loud speaker. Now, however, we are interested in only the unvarying 
electron flow which exists without a signal. Part of the electron flow from the cathode inside the output 
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tube goes into the screen and leaves the tube by way of pin 4, to join the flow that has come from the plate 
through the transformer winding. 

The total electron flow goes next to the left-hand side of the filter choke, through the winding of insul-
ated wire in the choke, and to pin 8 on the rectifier tube. This pin is colnected to the rectifier cathode. 
Electron flow is from cathode to plate inside the rect-fier, from plate to in 5, thence through the closed 
on-off switch and to the ungrounded side of the power line. 

MEASURING VOLTAGES. Fig. 7-8is a wiring diagram of our plate circuit. It is similar, as far as it goes, 
to service wiring diagrams available for many receivers. Connections are saown as they appear from under-
neath the chassis. Vie are looking at the bottoms of tube sockets. Parts which actually are mounted on top 
of the chassis are here shown with broken lines. These parts include the speaker, the output transformer, 
and the filter choke. Wires shown going to these parts pass up through holes in the chassis. 

Voltages are marked at each of the socket lugs at which readings are taken. Voltages are shown at the 
cathode, plate, and screen of the output tube, and at cathode and plate of the rectifier tube. Values are 
given in volts and tenths of volts. These are actual voltages measured on the real receiver. Service diagrams 
do not always give voltages to tenths, for there may be some variation one way or the other in some cir-
cuits without materially affecting performance. Voltages on service diagrams are averages taken from many 
receivers. 

The path of electron flow for connections in the wiring diagram is exactly the same as on the earlier 
schematic diagram. The schematic shows connections in the simplest manner, so circuits may be most 
easily traced. The wiring diagram shows connections as actually made in the receiver. Many points of con-
nection which appear on the wiring diagram and not on the schematic are used solely for ease of original 
wiring, and to make possible a replacement of any one part with least disturbance to connections of other 
parts. 

Two of these convenience wiring connections appear in Fig. 7-8. One is the terminal strip to which a 
wire is run from lug 4 on the socket for the output tube. Such a strip consists of a piece of insulation on 
which are one or more soldering lugs or terminal screws, and some means for attaching the insulation to 
chassis metal. The lugs or terminals are insulated from chassis metal unless they are wanted for ground 
connections, then one of the lugs may make metallic contact with the mounting and with chassis metal. 
The particular need for the terminal strip in this layout is to provide a point from which wires (not shown) 
may be run to plate circuits and screen circuits of other tubes in the receiver. 

Another convenience connection is at lug 4 on the rectifier socket. There is no connection from this lug 
to any internal parts of the tube. If you look at the schematic diagram of Fig. 7-7 you will see that neither 
the plate nor the cathode is connected to pin 4. Earlier we observed that the heater for this tube is con-
nected between pins 2 and 7. Any socket lugs from which there are no connections into the tube may be 
used just like an insulated lug on a terminal strip. 

The reason for using socket lug 4 in this layout is that the lead coming out of the filter choke is not 
long enough to reach all the way to the terminal strip. But this lead easily reaches to socket lug 4. Then 
run another wire from this lug to the terminal strip. The other lead from the filter choke is soldered to lug 
8on the rectifier socket. By taking the choke leads off lugs 4 and 8 it would be easy to remove and replace 
this unit without disturbing any other part. 

All voltages shown on Fig. 7-8 are potential differences between chassis metal and the points indicated. 
It is usual practice on service diagrams to give all voltages with chassis ground as the reference point. 
Then all you need do is connect one lead from your testing meter to chassis metal and leave it there while 
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Fig. 7-8. Voltages at test points in the plate circuit. 
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applying the other meter lead to each point where voltage is to be measured. 

The same voltages are shown on a diagram easier to follow in Fig. 7-9. Ground must be the most nega-
tive point in this circuit because, as we have seen from Fig. 7-7, all electron flow is away from ground, 
and electrons can flow only from negative to positive. Then all other points in the circuit must be positive 
with reference to ground. As we move away from ground, from left to right in Fig. 7-9, the positive poten-
tials become greater and greater. Positive voltage becomes maximum at the rectifier cathode, where it is 
120.7 volts. 

We make no measurements of direct potentials or potential differences beyond the rectifier cathode, even 
though the plate circuit continues through the rectifier, the switch, and to one side of the power line. Were 
we to make a test at the rectifier plate with a voltmeter designed for measuring direct potentials, the meter 
would be connected across the alternating potential of the power line. This comes about because the meter 
lead which would be connected to the rectifier plate, at socket lug 5, would be connected through the switch 
to one side of the line. The other lead from the meter would still be connected to ground, and through ground 
to the other side of the power line. 

Meters designed for measuring differences of direct potential will show a zero reading when connected to 
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Fig. 7-9. Potential differences across various parts may be determined from voltages read at the 
test points. 

alternating potential,or the pointer of the meter may vibrate. If the maximum alternating potential difference 
is greater than the maximum direct potential which the meter will withstand, the instrument will be burned 
out. Many voltmeters designed for measurement of alternating potential differences will give a reading when 
connected to direct potential, but the reading will be incorrect. Other alternating potential meters or " a-c 
voltmeters"will show one jump of the pointer and thereafter will read zero. 

Probably you have noticed that our maximum positive direct voltage is greater than the effective alternat-
ingpotential, 117 volts, from the power line. In this connectioi we must remember that the maximum potential 
difference of the alternating potential is greater than the effective potential. With 117 effective volts the 
maximum will be 165.5 volts. Capacitors connected to the filter choke help bring the direct potential above 
the effective alternating potential, closer to the maximum value of alternating potential. That is why the 
maximum direct potential is higher than the effective alternating potential from our source. 

Now to explain something which might be a little confusing. Note that the potentials shown by Fig. 7-9 
become greater and greater as we progress from negative (ground) toward positive at the rectifier cathode. 
Yet we have learned that electron energy is maximum at the negative end of a circuit outside the power 
supply, and is zero at the positive end. The confusion is the result of a hangover from the days when every-
one thought that electricity flows from positive to negative. That's when voltmeters were first designed 
and used. Most voltmeters still are made to show potentials increasing in the wrong direction. 
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—21.5V 

ir 

Fig. 7-10. Potentials measured with reference to the rectifier cathode correspond to relative 
values of electron energy. 

It is just as easy to build a voltmeter which gives readings corresponding to electron energy as to build 
it in reverse. There are some types of voltmeter which will read either way. Some of these meters have the 
zero mark at the center of their dial scale, with voltages increasing both ways from zero. These are zero-
center meters. Many of our electronic voltmeters used for service work have a switch that allows reading 
voltages either one way or the other. Meters which read increasingly positive from zero may be called pos-
itive reading voltmeters. Those which read increasingly negative from zero may be called negative reading 
meters. 

Were we to make measurements with a negative reading voltmeter, its positive terminal would be connected 
to the rectifier cathode and left there. Then the lead from the negative terminal of the meter would be con-
nected successively to points extending through the circuit until reaching ground. The voltages would be 
as shown by Fig. 7-10. Differences of potential across each individual part of the circuit are just the same 
as differences when measuring the other way, but they add up from positive to negative instead of from 

negative to positive. 

No matter how correct may be the method of Fig. 7-10 from the electronic standpoint, there is no use of 
learning to make routine measurements this way. It just isn't done. All service literature shows voltages 
increasing positive as we move away from chassis ground into the plate circuits and screen circuits. 

At first glance it might appear from Fig. 7-10 that we are trying to operate the output amplifier with its 
plate negative. The plate is marked —21.5 volts. But the cathode is 112.7 volts negative. The cathode is 
farmore negative than the plate. This amounts to the same thing as having the plate far more positive than 

A 
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the cathode, which it really is. It's all a matter of what: reference point we select. In Fig. 7-10 the refer-
ence point called zero is the rectifier cathode, and everything else is negative with reference to this 
point. In Fig. 7-9 the zero reference point is chassis ground, and everything else is positive ( or less neg-
ative) than this point. 

Don't make the mistake of passing too lightly over th-s matter of negative plates and negative screens. 
In television receivers you will find plenty of them. But always the cathode of the same tube will be still 
more negative, which makes the plates and screens effectively positive with reference to the cathodes. 

COMPUTING PLATE CURRENT AND SCREEN CURRENT. Fig. 7-11 is still another diagram of our 
plate circuit. We have gone back to the usual method of marking voltages. To this diagram have been added 
the values of resistance in ohms of resistor R, of the plate winding in the output transformer, and of the 
filter choke winding. Resistances of the wire conductors between various parts are so small as to have no 
effect on measurements, so we shall neglect these resistances. 

The potential difference across any of the circuit units is easily determined by subtracting the lower 
voltage shown for one end from the higher voltage shown for the other end of the same unit. Here are the 
potential differences, also the resistances across which each potential difference is acting. 

Resistor R 8.0 — 0.0 = 8.0 volts. 180 ohms. 

Transformer 105.2 — 99.2 6.0 volts. 147 ohms. 

Choke 120.7 — 105.2 =. 15.5 volts. 210 ohms. 

Knowing the difference of potential between any two points in a circuit, and the resistance between the 
same two points, it is a matter of only the simplest arithmetic to compute :he current which must be flow-
ing between the same two points. It is easily possible, with only the values in the preceding list, to com-
pute the plate current of the oatput tube, the screen current of this tube, the cathode current of this tube, 
the current taken by all the other amplifier tubes connected to the terminal strip (Fig. 7-8), and the direct 
current through the rectifier tube. 

To make the computations we need a rule or formula which gives current when we know potential differ-
ence and resistance — we must know the effect of potential difference on current, and the effect of re-
sistance on current. Consider first the effect of potential difference. 

At A in Fig. 7-12 is a resistance connected between charges or terminals whose potential difference is 
1 volt. Electrons at the negative terminal possess energy proportional to 1 volt of potential. Let's say that 
this much energy lets the electrons get through the resistance to the positive terminal at such speed that 
1 coulomb of them come through during every second. Then the flow rate is 1 ampere, which is a rate of 1 
coulomb per second. 

At B in the figure we have increased the potential difference to 2 volts. Electrons now leave the nega-
tive terminal with twice as much energy as before. With twice the energy the electrons can do work and 
overcome opposition twice as fast, and it takes them only half as long to get through the resistance. Then 
twice as many electrons will come through the resistance during each second. The flow rate will be 2 
coulombs per second, or 2 amperes. 

At C the potential difference has been reduced to 1/2 volt. With only half the earlier amount of energy it 
takes the electrons twice as long to get through the resistance, so only half as many will come through 
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Fig. 7-11. Potential differences and resistances allow computing currents in all parts of 
the circuit. 

during one second. The flow rate now will be 1/2 coulomb per second, or 1/2 ampere. 

have seen that electron flow rate is directly proportional to potential difference. One volt causes flow 
of 1 ampere, 2 volts cause flow of 2 amperes, 1/2 volt causes flow of 1/2 ampere. This direct relation be-
tween volts and amperes exists because resistance remained unchanged in all the examples. This resistance, 
shown on diagram D of Fig. 7-12, must have been 1 ohm, because potential difference is 1 volt, current is 

1 ampere, and 11=E/1. 

In diagram E we still have the same potential difference as at D, but have changed the resistance from 1 
ohm to 2 ohms. Electrons starting from the negative terminal still have only the energy corresponding to 1 
volt of potential, but they have twice the opposition or resistance to overcome in going from negative to 
positive. The electron speed will be only half as fast as before, only half as many will come through during 
a second, the flow rate will be 1/2 coulomb per second, which is a rate of 1/2 ampere. 

At the resistance has been halved from its original value and the potential difference has been kept 
atl volt. \\ ith only half the original opposition or resistance to be overcome, the electrons will come through 
twice as fast. The flow rate will be doubled, it will become 2 coulombs per second, or 2 amperes. 

Now we have seen that electron flow rate is inversely proportional to resistance. As resistance goeg up, 
flow rate comes down. As resistance comes down, flow rate goes up. 

In diagrams at the left in Fig. 7-12 we changed the potential difference, and thereby altered the electron 
flow rate. In diagrams at the right we changed the resistance, and again altered the flow rate. The effects 

A 
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Fig. 7-12. Current is affected by changes of both potential difference lnd resistance. 

on electron flow rate of both potential difference and resistance may be combined. The resulting flow rate 
in amperes always is equal to the quotient of the number of ‘, olts potential difference divided by the numb-
er or ohms of resistance, like this: 

Current, amperes _  potential difference, volts  
— resistance, ohms 

This rule or formula looks simpler if we use the standard letter symbols; I for flow rate in amperes, E for 
potential difference in volts, and R for resistance in ohms. Then we have, 

I := E/H 

Now look back at the list of potential differences and resistances in various parts of the plate circuit, 
as shown by Fig. 7-11. By using these values in our new formula it becomes possible to determine the cur-
rent flowing in each part. This current value would be in amperes. Currents in plate circuits and screen 
circuits of radio and television receivers never are so great as one ampere. Were these currents measured 
in amperes all the values would be fractions — hard to work with. Consequently, plate currents and screen 
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Fig. 7-13. Currents as computed from values of potential difference and resistance. 

currents are measured in milliamperes. One milliampere is 1/1000 of one ampere. It is easy to chaige the 
formula so that it gives currents in milliamperes instead of in amperes.. Here is the milliampere formula: 

1000 x E  
Milliamperes _ 

To determine current in milliamperes we first multiply the number of volts potential difference by 1,000, 
then divide that result by the number of ohms resistance. Let's try it on resistor H of Fig. 7-11, across 
which there is a potential difference of 8.0 volts, and whose resistance is 180 ohms. 

1000 x 8 8000 44.4 Milliamperes _ 180 — 180 — 

If you divide 8,000 by 180 and carry out the answer to several decimal places it will be 44.4444... Then 
why do we say the current is 44.4 milliamperes? Because your measurements of voltage won't be accurate 
to more than tenths of volts, and it is highly improbable that resistance values will be any more accurate 
— and there is no object of having more decimal places in the answer than the decimal corresponding to 

tenths. 

To determine current in the transformer winding we use its potential difference and resistance this way: 

6000 
Milliamperes .7. II" x 6 =. —147-7 • 40.8 

147 
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Then we determine current in the filter choke. 

. MOO x 155 15500 
Milliamperes n-  210 L- 7175- 73.8 

In Fig. 7-13 the values of computed currents have been written on a circuit diagram. Also, in paren-
theses, are values of current for the screen of the output tube and for all the other plate and screen circuits 
connected to our power supply system at a point to the left of the filter choke. This point is the terminal 
strip of Fig. 7-8. Currents are shown in milliamperes. The abbreviation for milliampere or milliamperes is 
ma. Electron flow directions are shown by arrows. 

lee know that the screen current of the output tube must be 3.6 ma because the total cathode current in 
this tube is 44.4 ma, the plate current is 40.8 ma, and the difference must be screen current. This becomes 
clear if you look back at Fig. 7-6. 

Current in the filter choke is 73.8 ma. By observing the arrows which show directions of electron flows 
it is plain that 44.4 ma must be coming from the plate and screen of the output tube. The remainder of the 
flow must be coming from the other tubes. Subtracting 44.4 ma from the choke current of 73.8 ma leaves 
29.4 ma as the plate and screen currents for all the other tubes in the set. 

PLATE RES/STANCE. Potential at the plate of the output tube is 99.2 volts and at the cathode is 8.0 
volts, as shown by Fig. 7-11 and other diagrams. Plate current in this tube has been found to be 40.8 ma. 
Can we use our earlier formula for resistance, to compute the plate r..sistance of this tube? The 
answer is no. The characteristics of a tube which is called plate resistance is a measure of opposition 
to signal voltages or currents. Plate resistance is related to the change of signal voltage required to cause 
a certain change of signal current. This we shall discuss wlen dealing with the performance of tubes. 

The formula, R z E/I, would give an apparent plate resistance of about 2,235 ohms. The actual plate re-
sistance with the voltages we are using on plate and screen is about 13,000 ohms. There is no direct re-
lation between the two values. 

METER CONNECTIONS FOR TESTING. As a general rule it is easier to compute the approximate val-
ues of current in receiver circuits than to measure them with a meter; such as an ammeter for measuring 
amperes, a milliammeter for milliamperes, or a microammeter for microamperes. To measure current with a 
meter you have to open the circuit by disconnecting at least one wire, then connect the meter in series 
with the circuit. There is no other way of making certain that all the circuit current flows in the meter. 

To measure plate current of our output tube a milliammetBr might be connected as in Fig. 7-14, or any-
where else between plate lug 3 of the tube socket and the point to which a transformer lead connects to 
lug 4 and thence to the terminal strip. Only in this limited path is there no current other than that coming 
from the plate of the tube. 

The terminals of the meter are snown marked with a plus sign (t) for positive and a minus (—) sign for 
negative. Not all meters for direct-current measurement have a marking for their negative terminal, but all 
have one for the positive terminal — and the other terminal then must be negative. The meter must be con-
nected into the circuit so that electron flow through the meter is from its negative terminal to its positive 
terminal.Vi ith this connection the meter pointer will move away from zero and toward higher numbers on its 
scale when there is electron flow. If connections to the meter are reversed, its pointer will move "off scale" 
below zero. Reversed current, or electron flow through a current-measuring meter, should cause no damage 
provided the current is no greater than safely might be measured "up scale". 
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Fig. 7-14. The milliammeter connected for measuring plate current. 
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The internal resistance of current-measuring meters is very small. This is necessary in order that the 
meter shall not add enough resistance in the circuit to appreciably effect the current flow. A meter having 
a maximum range of 100 milliamperes usually has internal resistance of less than 2 ohms. Supposing you 
should make the mistake of connecting such a meter across a difference of potential rather than in series 
with the circuit. For example, a meter having 2 ohms internal resistance was accidentally connected be-
tween lugs 3 and 4 of the output tube socket, where the potential difference is 6 volts. Current through the 
meter then would be as computed from our formula for current. 

1000 x 6 (volts) 6000 
2 (ohms) — 2 — 3000 

With 3,000 milliamperes in a meter designed for no more than 100 milliamperes what do you think will 
happen to the meter? It will burn out in a fraction of a second after you make the wrong connection. Current-
measuring meters of all kinds must be considered as delicate measuring instruments, and handled accord-
ingly. 
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Fig. 7-15. Dial scales of a combination voltmeter-ohmmeter. 

Voltmeters are relatively tough, unless you make very bad mistakes. The internal resistance of a direct-
potential or d-c voltmeter used for service testing seldom is less than 1,000 ohms per volt. This means 
that the total resistance of the meter is equal to 1,000 ohms multiplied by the highest voltage reading on 
the dial scale. For example, such a "thousand-ohm-per-voli" meter, when used with a scale extending to 
a maximum of 100 volts, will have internal resistance of 100,000 ohms. 

Service voltmeters may have resistances such as 5,000, 10,000, or even 20,000 ohms per volt. Fig. 7-15 
is a picture of the scales on a combined voltmeter-ohmmeter having d-c voltage scales with maximums of 
10,50,and 250 volts. This is a 20,000 ohms per volt instrument. nen using terminals for the 10-volt scale 
the internalresistance of the meter is 200,000 ohms, for the 50-volt scale the resistance is 1,000,000 ohms, 
and for the 250-volt scale the resistance is 5,000,000 ohms or 5 megohms. 

Vi hen using a multi-range voltmeter to measure an unknown potential difference always commence with 
the highest range. Most meters will withstand a momentary over-voltage up to one and one-half times their 
full-scale reading. Consequently, when beginning your test with a high range you are unlikely to harm the 
voltmeter unless you get it across some of the circuits for a television picture tube. If the meter pointer 
goes off scale at the high end, the potential difference is too high for the meter to measure. If the reading 
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Fig. 7-16. The voltmeter connected for reading potential difference across the filter choke. 

is too low for convenient reading on the high range scale, change to a lower range where you can make an 

accurate reading. 

A voltmeter always should be connected across the points between which potential difference is to be 
measured,never in series. A series connection would insert the high resistance of the meter into the circuit. 
No circuit wires are removed from the points to which the voltmeter is connected for test. . That's why it is 
easy to use a voltmeter. For measuring potentiel difference across the filter choke in our plate circuit the 
meter connections would be made as in Fig. 7-16. The choke is connected between lugs 4 and 8 on the rec-
tifier socket, so leads from the voltmeter are touched to these two lugs. 

Terminals of voltmeters for direct potentials are marked positive and negative, or at least one is marked 
positive, just as are the terminals of current meters. To have the voltmeter read up scale from zero, the 
negative terminal of the meter must be connected to the point at which electron flow enters the part whose 
potential difference is being measured. The positive terminal of the meter is connected to the point at which 
electron flow leaves that part. If you think of electron flow as going through the voltmeter, the connections 
are made in the same way as with a current meter. If a voltmeter is connected the wrong way around, the 
pointer will move off scale below zero. No harm will result unless the meter is connected across a poten-
tial difference greater than it could safely measure in a forward direction. 
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SERVICE TESTS FOR ALL CIRCUITS 

HISTORY ALWAYS REPEATS 

One of the oldest and best known manufacturers of television apparatus has this to say. "The nature, lo-
cation, and repair of troubles must be analyzed by the serviceman. This necessitates a good working know-
ledge of circuits of the sets, as well as an understanding of television principles. It behooves the service-

man to study circuits." 

The man who wrote this piece of advice knew that, while nothing changes faster than the details of tel-
evision design, the basic circuits don't change, they never change. These elementary circuits are combined 
in new ways to do new things and to do old things better. But if you know your circuits nothing new will 

stump you. 

When Marconi transmitted the first radio signals in 1894 his apparatus was built with conductors, insul-
ators, resistors, inductors, and capacitors. Builders of the first broadcast receivers in 1920 worked out 
their designs by using the rules which show relations between potential difference, current flow, and re-
sistance. They used detectors and amplifiers. We still have to use all these basic things today, in tel-
evision as well as sound radio. Circuit elements are put together in different combinations, but when these 
new combinations are broken down into their essential parts you are right back to conductors, resistors, 
inductors, capacitors, and all the elementary principles which govern their performance. 

We are learning principles while studying actual circuits. These particular circuit combinations may go 
out of date. But whatever takes their place will employ the same old basic principles. Remember, "It be-
hooves the serviceman to study circuits." Then he won't care whether the set he works on was built in 

1940, is built today, or will be built in 1975. 

The old timer in radio gets many a smile when he enters this newest field of television. He finds crystal 
diodes used for video detectors, restorers, and f-m discriminators. Back around 1918 all his detectors were 
crystals, which then became obsolete. Our new crystals are better mechanically, they contain better mater-

ials, but their working principles haven't changed a bit. 

Early set builders improved on their crude crystal detectors by connecting a grid leak and capacitor to a 
tube. Now the same principle, called grid rectification, is used for many other purposes at a half dozen 

places in television sets. 

Around 1937 we all studied automatic frequency control, which then helped people tune their sets cor-
rectly and more easily. Later this control was almost forgotten. Now we use precisely the same principles, 
even the same circuit arrangements, for automatic control of sweep oscillators in nearly all the new tel-

evision receivers. 
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Fig. 8-1. A test setup for checking effects of different capacitors in an amplifying stage. 

V{,e could keep on telling how things long since obsolete, so we thought, have become the newest dis-
coveries for those who are new In the profession of radio. It would all point up to this. To the man who 
knows his circuit principles, the new things are just new ways of combining those principles. 

SERVICE TESTS FOR ALL CIRCUITS 

This must be our last lesson, for the present, on fundamental principles of servicing. After this lesson 
it will be time to learn about the behavior of the many kinds of tubes used in television and radio receiv-
ers. Possibly we should call this a reference lesson, for you, or no one else, going over this material for 
the first time could remember it all. Even though you memorized every word, yu still wouldn't realize all 
that they are going to mean. Many times in the future you will come back to the information given here, as 
you find need for it in practice. 

POTENTIALS, CURRENTS, AND RESISTANCES. In the preceding lesson we measured some potential 
differences and computed the currents which flow with these potential differences acting across certain 
resistances. Here are the values. 
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Fig. 8-2. The sum of the potential differences in a series circuit equals the potential difference from 
the power supply. 

100 VOLTS 20 VOLTS 50 VOLTS 30 VOLTS 

Volts Milliamperes Ohms 

Resistor on cathode of output tube. 8.0 44.4 180 

Plate winding of output transformer. 6.0 40.8 147 

Filter choke of power supply system. 15.5 73.8 210 

Supposing you knew only the milliamperes and the ohms for each part, could you figure out the volts of 
potential difference? There is a very simple relation. If you don't quite see it, look at this next list of val-
ues, which also were used in the preceding lesson. 

Volts Amperes Ohms 

1 1 1 
2 2 1 
1/2 1/2 1 
1 1/2 2 
1 2 1/2 

Here the relation becomes plainer. Volts are equal to amperes times ohms, provided all three values are 
in the same resistance or in the same part of a circuit. 

When this new rule or formula for potential difference is written so it uses milliamperes instead of amp-
eres it appears like this. 

current, milliamperes x resistance, ohms  
Potential difference, volts _ 1000 

Try this formula on the combinations of values given first. It works every time. Much earlier we used a 
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Fig. 8-3. The ohmmeter reads the suit of resistances in series. 

formula for resistance, the one that says, 

R = El! 

When the resistance formula is written this way it applies for currents measured in amperes. Most of our 
currents must be measured in milliamperes. The same resistance formula, written to include milliamperes, 
is this. 

Resistance, ohms 1000 x potential difference, volts  
current, milliamperes 

Or, using letter symbols, we may write, 

R 1000 x E.  
— milliamperes 

Now we are ready to do a little practicing with the three tools which are indispensable for servicing any 
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Fig. 8-4. In this experimental setup the dry cells represent any power supply, the resistors 
represent any loads. 

kind ofreceiver. Even when you are working with equipment like that of Fig. 8-1, you wouldn't get far with-
out these three tools. Luckily, these indispensable tools cost nothing, they never wear out, they take up 
no space, they never get lost, and they save time and headaches on at least half the problems you run into. 
The three tools are: 

1000 x E 
— ma 

ma 
1000 x E E ma x R 

— 1000 

The letter R stands for ohms of resistance. The letter E stands for volts of potential difference. The 
symbol ma stands for milliamperes of current. Here we don't use the letter I for current, because I should 
be used to represent amperes, nothing else. 

Simple as they are, these three formulas are not too easy to memorize. For the present don't try to mem-
orize them. Copy the three formulas onto a small card, then keep that card handy while we work. 

POTENTIAL DIFFERENCES ADD TOGETHER. In Fig. 8-2 a voltmeter connected across the terminals 
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Fig. 8-5. Reducing the voltage reduces current through a given resistance. 

of the power supply reads 100 volts. In the external circuit are three resistances, which might represent 
loads in any series circuit. Other voltmeters connected across the three resistances read 20 volts, 50 volts, 
and 30 volts. The sum of 20+50+30 = 100. 

cl/ The sum of all the separate potential differences in a series circuit is equal to the potential difference 
'across the entire circuit. We may say that voltage of the power supply must equal the sum of the voltages 
across all the parts in the connected series circuit. 

If you subtract from the voltage of the power supply the voltage across any one part in the series circuit, 
the remainder is the total of all the potential differences across all the other parts in that circuit. 

These simple facts are easy to understand. Electrons leave the power supply with total energy propor-
tional to the voltage or potential difference of the power supply. The electrons lose all this energy in the 
external circuit. Since the potential difference across each part in the circuit is proportional to electron 
energy used up in this part, it is plain that the sum of all the energy losses and potential differences must 
equal the original electron energy and the original potential difference of the power supply. 
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Fig. 8-6. Current remains proportional to applied voltage when resistance is not changed. 

RESISTANCES ADD TOGETHER. In Fig. 8-3 an ohmmeter is connected across two resistors which are 
in series with each other. The resistance of one unit is 1,500 ohms, and of the other it is 500 ohms. The 
ohmmeter reads a total resistance of 2,000 ohms. 

The combined resistance of any number of separate resistances in series is equal to the sum of the sep-
arate resistances. The resistance of an entire series circuit is equal to the sum of the resistances of all 
the parts in that circuit. 

This is entirely reasonable. Resistance is a measure of how hard it is for electrons to get through. If 
there is a certain opposition in 100 ohms, there must be twice as much opposition to the same rate of flow 
in 200 ohms, three times as much in 300 ohms, and so on. If electrons are forced to flow at a certain rate 
through a resistance of 10 ohms, then at the same rate through a second series resistance of 20 ohms, and 
finally at the same rate through a third series resistance of 40 ohms, there is exactly the same total op-
position as in one resistance of 10+ 20+40, or 70 ohms. 

(._.7 CURRENTS DO NOT ADD TOGETHER. We have learned that the rate of electron flow or current must 
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Fig. 8-7. Power supply voltage has been reduced. 

be just the same in any one part of a series circuit as in every other part of the same series circuit. If the 
flow rate is 40 milliamperes from the plate of a tube, and w have a transformer winding in series with this 
plate, the current in the transformer winding must be 40 milliamperes. 

We must not forget that potential differences add together, resistances add together, but current is the 
same everywhere in a series circuit. Current in one part does not add to current in another part of a series 
circuit to make a total current equal to the sum. The total current is just the same as the current in any 
one part. 

VOLTAGE OF POWER SUPPLY AND CURRENT IN CIRCUIT. To illustrate principles in the simplest 
way we shall use some dry cells for our power supply. To represent any kinds of loads in the circuits we 
shall use some precision resistors whose actual resistances are accurate to within one per cent of their 
marked values. Then we shall measure potential differences with a voltmeter, and currents with a milliam-
meter. The setup is pictured by Fig. 8-4. 

Here we have four resistances (loads) in series. From left to right the values are 100 ohms, 200 ohms, 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 8 - Page 9 

200 ohms, and 250 ohms. Total circuit resistance is 750 ohms, is it not? In series with this resistance and 
the power supply is the milliammeter, at the left. Negative of the power supply goes to negative of the mil-
liammeter. Positive of the milliammeter goes to the left-hand resistor. From the right hand resistor a con-
nection goes to positive of the power supply. The meter reads a current of 8 milliamperes. Across the entire 
string of resistors is connected the voltmeter, the instrument at the right. This meter reads 6 volts. 

Assuming the resistance values to be actually as marked, are the meters telling the truth? Use your three 
formulas to find out. Really do this: write the figures on a piece of paper. It is invaluable practice. Keep 
in mind that you might be working with any kind of d-c power supply and with any kinds of loads. 

In Fig. 8-4 the voltmeter is effectively connected across the power supply as well as across the loads. 
From the positive, right-hand, terminal of the voltmeter there is a wire connection down to the right-hand 
resistor and another wire connection up to the positive terminal of the power supply. From negative of the 
voltmeter there is a wire connection to the left-hand resistor, another wire from here to the milliammeter, 
and from the other side of this meter there is a connection to negative of the power supply. The resistance 
of the milliammeter is approximately 3.5 ohms, entirely negligible in comparison with the total load resis-

Fig. 8-8. 'With three times as much resistance there is one-third as much current. 
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Fig. 8-9. Current is inversely proportional to resistance when potential difference remains unchanged. 

tance. Since the voltmeter is connected through negligible resistances to both ends of the power supply, 
this meter is indicating power supply voltage. The four dry cells are furnishing a potential difference of 
6 volts. 

In Fig. 8-5 the wire connection from the negative side of the milliammeter has been moved over to a point 
between the middle dry cells. Now the voltmeter reads 3 volts, although this meter still is connected across 
the entire circuit resistance. The milliammeter now reads 4 milliamperes. It will be good practice to check 
this new combination of voltage, current, and resistance with your formulas. That, however, isn't the most 
important thing. 

The important thing to be noted here is the relation between power supply voltage and circuit current. 
First (Fig. 8-4) we had 6 volts and 8 milliamperes. Now we have 3 volts and 4 milliamperes. Half the volt-
age has resulted in half the current. 

Let's check this voltage-current relation a little further. In Fig. 8-6 the connection from the milliammeter 
has been moved over to the right-hand dry cell. Now the voltmeter reads only 1.5 volts, although still across 
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the entire load circuit. The milliammeter now reads 2 milliamperes. We have one-fourth the original volt-
age (of Fig. 8-4) and the current now is one-fourth the original value. 

Changes of current in any circuit are directly proportional to changes of voltage across that circuit, 
when resistance of the circuit remains unchanged. Doubling the supply voltage doubles the current. Halv-
ing the supply voltage halves the current. When circuit current increases, there must be a proportional in, 
crease of applied voltage provided the circuit resistance has not been changed. If circuit current decreases 
there must be a proportional decrease of supply voltage. 

CIRCUIT RESISTANCE AND CURRENT IN CIRCUIT. Now let's see what happens when we do not change 
the voltage from the power supply but do change the load resistance or circuit resistance What will happen 
to current in the circuit. In Fig. 8-7 our power supply consists of only two of the dry cells. With two cells 
we have 3 volts applied to the circuit load. The voltmeter reads 3 volts. The load, or the circuit resistance, 
consists of one 500-ohm resistor. The milliammeter, in series with the load resistance, reads 6 milliam-
peres. Check this reading by means of your formula for current in milliamperes. 

Fig. 8-10. The voltmeter is measuring potential difference across only part of the circuit load. 
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Fig. 8-11. Here the voltmeter is measuring potential difference across the remainder of the circuit load. 

In Fig. 8-8 the circuit resistance or load resistance uas been changed to 1,500 ohms. % e still have 3 
volts potential difference from the power supply. Now the milliammeter reads only 2 milliamperes. Using 
three times as much circuit resistance, with the same applied potential difference, has cut the current to 
one-third. Should someone look first at this Fig. 8-8, then at preceding Fig. 8-7, they would say that using 
one-third as much load resistance allows three times as much current. One stàtement is just as true as the 
other. 

Next we shall change the load resistance to 2,000 ohms, as in Fig. 8-9, while retaining the original ap-
plied potential difference of 3 volts. The voltmeter reads 3 volts. The current as read from the milliammeter 
has dropped to 1.5 milliamperes. 

When we started this series of experiments, with load resistance of 500 ohms, the current was 6 milliam-
peres. Now, with 4 times as mica resistance, we have 1/4 as much current. 

Comparing Fig. 8-8 with Fig. 8-7 we observe that, with 3 times the resistance (1,500 ohms as against 
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500 ohms), we have 1/3 the current (2 milliamperes as against 6 milliamperes). 

More resistance drops the current. Less resistance allows an increase of current, always with the same 
applied potential difference. There is an exact relation between resistance and current when there is no 
change of voltage. Current varies inversely as resistance. With 4 times the resistance there is 1/4 the 
current, with 3 times the resistance there is 1/3 the current. With 2 times the resistance there wouai be 
1/2 the current. With 1,000 times the resistance there would be 1/1000 of the current. 

Resistors in an electric circuit reduce the rate of flow somewhat as valves in a water circuit reduce the 
rate of water flow. Resistors are not so efficient as water valves, for resistors reduce the electron flcw by 
wastingthe electron energy, by changing that energy into heat which raises the temperature of the resistor. 

RESISTANCE AND LOSS OF POTENTIAL. Resistance which is connected into a circuit reduces the 
rate of electron flow in that circuit. The resistance causes a loss of electron energy. In Fig. 8-10 we have 
gone back to the four-cell power supply and to the string of four resistors in series. In series with the re-
sistors and the power supply is the milliammeter. This meter shows the rate of electron flow to be 8 mil-
liamperes, the same flow as back in Fig. 8-4. The fact that we have the same current and the same total 

Fig. 8-12. When current does not change, potential difference and resistance always are directly 
proportional. 
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LOA) RESISTANCES 

200 

0.8v 1.6v 
8 ma 

200 

1.6v 2.0v 

5 ma 

Fig. 8-13. A change of resistance anywhere in a series circuit alters current and potential differences 
everywhere in that circuit. 

resistance as in Fig. 8-4 proves that there must be the same potential difference across the resistors. That 
potential difference is 6 volts. 

In Fig. 8-10 the voltmeter is connected across only the right-hand 250-ohm resistor. The voltmeter shows 
that the potential difference across this one resistor is 2 volts. In Fig. 8-11 the voltmeter connections 
have been moved so that they are across the three resistors toward the left. These units have separate 
resistances of 100 ohms, 200 ohms, and 200 ohms, for a total of 500 ohms. The potential difference across 
these three resistors is shown by the voltmeter to be 4 volts. 

In these last two pictures the voltmeter is connected first across one part of the load, then across all 
the remainder of the load. The first potential difference is 2 volts, the second is 4 volts. The sum of these 
two potential differences is 6 volts, which we know to be the potential difference across the entire load. 
Here we have proof that potential differences in a series circuit add together, and that their sum is equal 
to the total potential difference across the whole circuit. 

Now here is something we should note with care. Potential difference across resistances is exactly pro-
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Fig. 8-14. Current measured at one point in a series circuit may be used for computations relating to 
other parts of the same circuit. 

portional to the values of resistance when the current is the same in all units. In Fig. 8-10 the voltmeter 
reads 2 volts when across 250 ohms. In Fig. 8-11 the voltmeter reads 4 volts when across 500 ohms. The 
current remains unchanged, as shown by the milliammeter. Across twice the resistance we get twice as 
much potential difference. Or across half the resistance we get half as much potential difference. 

Whether or not this direct proportion or direct ratio between resistance and potential difference always 
holds true may be checked by one more experiment, in Fig. 8-12. Here the voltmeter is connected across 
the two resistors toward the left. Their resistances are 100 ohms and 200 ohms, a total of 300 ohms. The 

current still is 8 milliamperes, as shown by the milliammeter. The resistance of 300 ohms is 300/750 of 
the total circuit resistance, or 2/5 of the total. The potential difference across the two resistors is shown 
by the voltmeter to be 2.4 volts. This is 2.4/6.0 or 24/60 or 2/5 of the total resistance in the whole cir-
cuit. So we find that the fraction of total potential difference in the circuit is the same as the fraction of 

the total resistance. 
EFFECTS OF INCORRECT RESISTANCE. At the top of Fig. 8-13 is a diagram of the circuit which was 

pictured by Fig. 8-4. We have the 6-volt power supply, the 8 ma current, and the total load resistance of 
750 ohms. By using our formula for potential difference it is possible to compute the potential difference 
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across each resistance in the load. These potential differences are written on the upper diagram. 

In the lower diagram the resistance of the load unit second from the left has been increased from 200 
ohms to 650 ohms. There might be many reasons why resistance in some part of a radio or television cir-
cuit should become abnormally high. The sum of the circuit resistances now is 1,200 ohms. With6 volts 
from the power supply acting on 1,200 ohms, the current (from your current formula) will be 5 milliamperes 
instead of the former 8 milliamperes. 

Now, using the formula for potential difference, we may compute the voltage across each of the resis-
tances.These voltages are written below the units in the lower diagram. Compared with " normal" voltages 
up above, the voltage across the excessive resistance has increased from 1.6 to 3.25. But the voltages 
across every other unit in the circuit has dropped at the same time. 

Excessive resistance in some one part raises the voltagc while dropping th c current for that part, and at 
the same time drops both voltage and current for all other parts in the sam., series circuit. On the other 
hand, too little resistance in some one part will drop the voltage while increasing the current for that part, 
while increasing both voltage and current for all other parts. 

Fig. 8-15. There is no potential difference anywhere in a series circuit which is open. 
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Fig. 8-16. There is no current anywhere in a series circuit which is open. 

Toprove this last statement, change the resistance of the right-hand unit to 100 ohms. Then your circuit 
resistances will look like this: 

100 ohms 200 ohms 200 ohms 100 ohms 

Compute the total resistance. 

Use your formula for milliamperes to compute current in the circuit. The power supply still applies 6 volts. 

Use your formula for potential difference to compute the voltage across each unit, using in this formula 
the circuit current and the resistance of each unit. 
The voltages should come out like this: 

1 volt 2 volts 2 volts 1 volt 

WHERE TO MAKE MEASUREMENTS. Whenever you use our trouble shooting formulas the resistance and 
the potential difference must be in the same part. If you use resistance of one part and potential difference 
of another part in the same formula the answer will mean nothing at all. Current likewise must be in the 
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same part, but in a series circuit the current is the same in all parts, so we tray measure current anywhere 
and know it is the same throughout the series circuit. 

In Fig. 8-14 the series circuit includes many parts. The voltmeter (the left-hand instrument) is connected 
across the filter choke to measure potential difference on this one part. The millianuneter (at the right) is 
connected in series between the adjustable resistor and the transformer winding. The current measured here 
is flowing also in the choke whose potential difference is being measured. We may use the measured poten-
tial difference and the measured current to compute resistance of the choke. 

Not all circuits are series circuits. In the plate circuit which we examined in an earlier lesson the same 
currentdoes not flow in the plate and in the screen of the output tube. There we have one example of divided 
circuits. Later we shall learn some trouble shooting formulas which apply especially to divided circuits. 
Those formulas will be based on the principle of considering each branch of a divided circuit as though it 
were a separate small series circuit. 

EFFECTS OF AN OPEN CIRCUIT. In a series circuit it must be possible for electron flow to exist all 
the way from one side of the power supply through every part of the circuit and back to the other side of 
the power supply. If there is any point where electrons cannot flow, that point is called an "open" or an 

Fig. 8-17. A voltmeter connected across an open point reads nearly the full voltage furnished by the 
power supply. 
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open circuit. 

In Fig. 8-15 we have disconnected the milliammeter from between the adjustable resistor and the trans-
former winding, where we had this meter in the preceding setup. Now there is an open between theadjust-
able resistor and the transformer winding. The voltmeter still is connected across the filter choke, but now 
the voltmeter reads zero. 

The voltmeter reads zero because there is no current in the filter choke. No current means no electron 
flow, and with no electron flow there can be no loss of electron energy. Loss of electron energy must be 
accompanied by change of potential. Then with no electron flow there can be no difference of potential. 

There is no current in the filter choke because current must be the same everywhere in a series circuit. 
There can be no current across the open point. Therefore there can be no current anywhere else in this cir-
cuit.In Fig. 8-16 the milliammeter has been connected between the filter choke and the adjustable resistor. 
The open point still exists between the adjustable resistor and the transformer winding. The milliammeter 
reads zero current. No matter where an open may be, it stops current everywhere in the series circuit. 

In Figs. 8-15 and 8-16 the power supply has remained turned on, and has been applying a potential dif-
ference across the ends of the series circuit. This potential difference causes no electron flow or current 
because of the open point. In Fig. 8-17 the voltmeter has been connected across the open point in the ser-
ies circuit. The voltmeter now reads practically the full potential difference of the power supply, whereas 
in Fig. 8-15 the voltmeter read zero. Can you think of a good way to locate an open point in a series cir-
cuit by using your voltmeter as the testing instrument? With the meter bridging across parts which are not 
open the readings will be zero. When you get the meter across the part which is open the meter will indi-
cate a voltage, a potential difference. 

A voltmeter permits flow through it of some current in spite of the high resistance of the instrument. A 
voltmeter really measures potential difference across its own internal resistance. When you get the volt-
meter across an open point in a series circuit you have placed the meter resistance across the open and 
have closed the circuit through this resistance. Then there will flow, in the entire circuit, the very small 
current permitted by the high resistance of the meter. With this very small current there will be hardly any 
loss of potential in other parts of the circuit, where resistance is very small in comparison with that of the 
voltmeter. The negligible loss of potential in other parts of the circuit allows practically the whole poten-
tial difference of the power supply to act on the voltmeter. That's why a voltmeter reads practically the 
power supply voltage when the meter bridges an open point. 

Every principle which has been illustrated in this lesson is used by competent technicians for trouble 
shooting in every part of every receiver. We have only hinted at practical applications of these principles, 
as in the method of locating an open with the help of a voltmeter, and the method of locating resistance 
which is either abnormally low or abnormally high with principles explained in connection with Fig. 8-13. 

In the main we have examined only the principles of trouble shooting, not their practical applications. 
We must know our tools before trying to use them. Before using these tools to discover what is wrong when 
parts don't work, we must know much more about how the parts are supposed to work. As we learn about 
each part it will become apparent how our trouble shooting tools may be used on.that part. We won't be de-
layed by having to talk about the elementary principles of trouble shooting — we already know our tools. 
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TUBES FOR TELEVISION AND RADIO 

A fairly complete listing of television and radio tubes, according to type numbers assignedbytheir manu-
facturers, would include about 1,300 kinds. Fortunately, we won't have to study 1,00 different types of 
tubes, for the same tube may be given different type numbers by different makers. However, if we eliminate 
all such duplication, also take out all tubes used exclusively for transmitting, and all such special kinds 
as picture tubes, to leave only those ordinarily classed as radio and televisior receiving tubes, more than 
400 kinds remain. 

In this lesson we are not going to examine television picture tubes because they are entirely unlike any 
other tubes in our receivers. For the present it will be enough to study amplifiers, detectors, rectifiers, 
oscillators, and all the other tubes which are constructed quite similarly to ane another, leaving picture 
tubes for later. 

Were each of the 400 receiving tubes to differ in principle from all the others we should be undertaking a 
formidable job in studying them. But this number is considerably reduced because, while quite a few types 
are identical so far as performance goes, they are given different numbers because of differences in mech-
anical construction, in voltages required by heaters, and in other relatively minar details. 

The most obvious difference between tubes is in the material of the envelope, which may be glass or 
metal. The largest metal envelope for a receiving tube is pictured at the left in Fig. 9-1, and alongside it 
is the smallest. Next toward the right is a metal tube with ar insulated top cap from which an internal con-
nection goes to the control grid. All other elements are connected to base pins. At the right is a metal type 
having all internal elements, including the control grid, connected to pins on the base. This latter may be 
called a single-ended tube. 

In Fig. 9-2 are illustrated three sizes of glass en velopes. The tube at the left is a heavy-duty rectifier. 
The center tube is of a size commonly used almost anywhere in sound radio receivers, and quite often in 
the sync and sweep sections of television receivers. The tube at the right has a top cap to which is con-
nected its control grid. 

As an illustration of how differenttype numbers may apply to tubes of identical electrical characteristics 
we may consider first the type 615. This is a triode, meaning that it has three active elements consisting 
of cathode, control grid, and plate. The envelope is metal, as at the right in Fig. 9-1. The base is of the 
octal type. The heater requires a potential difference of 6.3 volts. 

If the sanie tube is built with a glass envelope such as pictured at the center of Fig. 9-2 it becomes type 
6J5-GT. In the two added letters "G" stands for glass and  'T" stands for tubular. All "GT" tubes have 
glass envelopes of the shape and size shown at the center of Fig. 9-2. 
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Fig. 9-1. Tubes with metal envelopes. 

Now for a third type. If the saine cathode, grid, and plate structure of the 6J5-GT are used with a heater 
which requires 12.6 volts the tube becomes type 12J5-GT. In general, when the first digit of a type number 
is 6 is means that the heater requires 6.3 volts for normal operation. If the first two digits are 12 it indicates 
a heater which requires 12.6 volts for normal operation. 

So far all our variations of the original tube have had octal bases. Such bases, as you will recall, have 
positions for eight pins although fewer than eight may be used. On the bottom of an octal base is an ex-
tended central pin with a locating key on one side. If we change the type of base while retaining the glass 
envelope of GT size andshape we have a type 7A4. The type 7A4 has a lock-in base, illustrated in Fig. 9-3. 
The contact pins are sealed into the glass bottom. Around the bottom is a metal shell and a central pin. 
Down below the locating key on the pin is a groove which fits into a catch on the socket. Lock-in tubes 
are pressed down into their sockets like any other type, but for removal you should give a slight off-side 
pressure to release the socket lock. When the first digit of a type number is 7 it means that the heater will 
operate with potential difference of either 7.0 or 6.3 volts. 

Now for another change. If the lock-in 7A4 tube were built with a heater which will operate with either 
14.0or12.6volts potential difference the tube becomes lock-in type 14A4. Remember, we still have exactly 
the same operating characteristics with which we commenced in the type 6J5. A change of rated heater 
voltage does not affect operating characteristics. 

Next comes a change which adapts our tube for the many applications where a pair of 6J5's would be 
required. Instead of using two separate 6J5 tubes we may employ only one type 6SN7-GT. This type is pre-
cisely like two 6J5's built into a single GT envelope. The 6SN7-GT has an octal base. The heater requires 
6.3 volts. If the heater is changed to require 12.6 volts we then have a type 12SN7-GT. These two types of 
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Fig. 9-2. Tubes with glass envelopes. 

twin-triode tubes are widely used in television receivers of all kinds. We are not yet through. A tube built 
like the 6SN7-GT except for having a lock-in base becomes a type 7N7. And one built like the 12SN7-GT 
except for having a lock-in base becomes a type 14N7. Still, in either triode section by itself, we have the 
same operating characteristics as in a single 6J5. 

We have talked about tubes of nine different type numbers, all having the same operating characteristics. 
The different numbers are required in order to identify the envelope material, the size and shape of the en-
velope, the type of base, the heater voltage, and the number of active elements. Different type numbers are 
used aloo when into a single envelope are built two or more sets of elements which may operate more or 
less independently. An example of this is the two 6J5's in a single envelope to form one 6SN7-GT. 

In any multi-section tube or multi-purpose tube there will be two or more electron paths inside the en-
velope. At the left in Fig. 9-4 is a symbol for the 6SN7-GT Lube. There are two cathodes, two grids, and 
two plates, with entirely separate electron streams in the two sections. One section includes a cathode 
connectedto pin 3, a grid connected to pin 1, and a plate connected to pin 2. The other section has cathode, 
grid and plate connected respectively to pins 6, 4, and 5. Pins 7 and 8, which are not shown on Figure 9-4, 
are used for the heater. Although this 6SN7-GT teibe has six active elements it really has only three kinds 
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Fig. 9-3. This is a lock-in base. 

of elements, with two sets of each. 

Now we shall look at a tube in which there are more than two electron streams. At the right, in Fig. 9-4, 
is a symbol for a 618 tube, a type used in the sound sections of many television receivers. This tube has 
nine base pins. There are two cathodes, connected to pins 3 and 7. Electron flow from the cathode on pin 
3 goes only to the plate on pin 2. The cathode connected to pin 7 carries electron flow which separates 
into three streams; one forthe plate on pin 1, a second for the plate on pin 6, and a third which goes through 
the grid connected to pin 8 and to the plate connected to pin 9. Pins 4 and 5, which are not shown on the 
diagram, are used for the heater. This 618 tube has seven active elements, but consists really of three 
cathode-plate pairs and of one three-element combination which includes the common cathode with a sep-

arate grid and separate plate. 

Nearly all receivers employ some multi-section tubes. There are dozens of combinations, but all are made 
up from a relatively few simple types. If we forget all the multi-section combinations and consider only the 
basic groups of elements which might be used in a single tube, we may make a convenient classification 
based on the elements which may act on a single electron stream. The accompanying table, "Tube Types 

and Their Active Elements", shows this classification. 
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DIODE 
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PLATE 

2 

3 

5 

4 

6 

Fig. 9-4. Symbols for multi-section tubes in which there are two or more separated electron streams. 

TYPE NAME 

Diode 

Triode 

Tetrode 

Pentode 

Beam power 

Pentagrid and 
Heptode 
Converters 

TUBE TYPES AND THEIR ACTIVE ELEMENTS 

Total 
Elements 

2 

3 

4 

5 

5 

6 

Octode Converter 7 

The type name changes each time 
simplest possible tube, the diode. A 
cathode and plate the tube becomes 
tetrode. Adding a suppressor gives us 

How Many of Each Kind of Element 
Cathode Grid Screen Suppressor Plate 

1 

1 

1 

1 

1 

1 

1 

an active element 
diode has only a 
a triode. Adding a 
a pentode. 

1 

1 1 

1 1 

1 1 

2 1 

3 1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

is added. We commence on the top line with the 
cathode and a plate. When we add a grid between 
screen between the grid and the plate produces a 
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Fig. 9-5. The outermost spiral of wire is the suppressor for this tube which would be a pentode if complete. 

This is the first time we have met the name suppressor. This element is a spaced spiral of wire placed 
between the screen and the plate. The outermost spiral which you see in Fig. 9-5 is a suppressor. The sup-
pressor is around the outside of the screen. The screen is around the outside of the grid. The grid is around 
the cathode. The active elements for this tube would be completed by placing the plate around the outside 
of the suppressor. 

The purpose of the suppressor is to prevent electrons going backward from the plate to the screen. You 
will recall that a screen, like a plate, is operated at a positive potential with reference to the cathode. 
Were it not for the suppressor, a very strong signal might make it possible for electronsto go from the plate 
to the screen as well as from the cathode to both plate and screen. This would lessen the plate current :and 
reduce signal output. 
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Fig. 9-6. Pin arrangements used for 4-, 5- 6- and 7-pin tube bases. 

Next below the pentode in the table is another 5-element type called a beam power tube. This type is a 
modification of the pentode which provides smooth and uniform amplification while delivering sufficient 
power to operate a large loud speaker or to do any other job calling for considerable power in the output 
signal. The electron stream within this tube is concentrated b y extra elements called beam formingplates. 

On the two bottom lines of the table are listed tubes called converters, which have six or seven active 
elements. These tubes are used as combined mixers and osci lators in superheterodyne receivers for sound. 
One of the two grids in the pentagrid converter serves the mixer function, the other serves the oscillator 
function. In the octode converter two of the grids are used as mixer and oscillator grids, with the third grid 
acting like a plate for the oscillator function. All these features will be investigated more fully in due time. 
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Tubes may be classified in accordance with what they do as well as with respect to the number ardkind 
of elements. For instance, we may speak of amplifier tubes, oscillator tubes, detector tubes, and so on. The 
next table,"Tube Functions, and Types Employed", lists the principal purposes for which tubes are used, 
and shows the types most often employed for each purpose. This table is based on common practices of 
today. With any listing so general as this there will be exceptions. As one example, there is notling to 
prevent using frequency control tubes in sound radio receivers as well as in television receivers. Such 
tubes have been used in sound receivers, but it is not now a general practice. 

You will note that the tetrode, a 4-element tube, is not included in this table of functions. The tetrode, 
once very popular, is no longerused to any extent. This type turned out to be only a stepping stone between 
triodes and pentodes. The tetrode overcame shortcomings of the triode in certain applications, but had 
troubles of its own which were overcome by the pentode. 

TUBE FUNCTIONS, AND TYPES EMPLOYED 

NAMES ACCORDING 
TO FUNCTION 

R-f Oscillators and 
Mixers 

Converters 

Amplifiers 

WHERE USED Types Employed 
Sound Tele- Diode Triode Pentode Converter 
Radio vision or Beam 

X 

X 

Demodulators, 
Detectors and 
Discriminators X X X 

Restorers X X 

Limiters,Clippers, 
Separators X X X 

Inverters X X X 

Sweep Oscillators X X X 

Frequency Control X X X X 

Dampers X X X 

Rectifiers X X X 

X 

TUBE BASES. Before taking up the manner in which the various elements enter into the operation of 
tubes it may be well to look at the layouts of some tube bases, and get acquainted with arrangements of 
the pins through which connections are made to the internal elements. 

In an earlier lesson we talked about the octal base for tubes, on which are spaces for eight pins. Some-
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Fig. 9-7. A miniature tube alongside two of its bigger brothers. 

times all eight pins appear on the base of a tube.Again only asmany pins are used as needed for the active 
elements and heater, or an extra pin or two may be added to give the tube more support in its socket. Octal 
bases are used on all tubes having metal envelopes, and on a large percentage of those having glass en-
velopes. 

Early types of radio receiving tubes were fitted with bases of which bottom views are shown in Fig. 9-6. 
On the 4-pin base the two pins numbered 1 and 4 are 5/32 inch diameter, while pins numbered 2 and 3 are 
1/8 inch diameter. Difference betweenpin diameters insures getting the tube correctly located in its socket. 
On he 5-pin base all pins are 1/8 inch in diameter. Their unequal spacings insure correct positioning of 
the tube in its socket. On the 6-pin base the two large-diameter pins are numbered 1 and 6, and on both 
sizes of 7-pin bases the two large-diameter pins are numbered 1 and 7. When two pins are of larger diam-
eter than others the large ones connect to the heater or to : he filament-cathode of the tube. 

None of the bases shown by Fig. 9-6 are used on recent types of tubes. However, the 4-, 5-, and 6-pin 
bases quite often are used on such items as resistors, crystals for frequency control, and other parts which 
are convenient to work with when provided with a plug-in mounting such as a tube base and socket. 
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Fig. 9-8. Pin positions and numbering as used for miniature and sub-miniature tubes. 

In most recently designed television receivers a great many of the tubes are miniature types. A miniature 
tube is at the left in Fig. 9-7. In the center is a size often found on rectifiers and on some heavy-duty am-
plifiers. Over at the right is a GT type. Some miniature tubes are 3/4 inch in outside diameter, and have 
7-pin bases. Other miniatures are 7/8 inch in diameter, and have 9-pin bases, A still smaller tube, called 
a sub-miniature, is only 2/5 inch in diameter. It is fitted with an 8-pin base. 

Pin positions on bases for miniature and sub-miniature tubes are shown in Fig. 9-8, as the bases appear 
from the bottom. Base pins on miniature tubes are 1/25 inch in diameter, and on sub-miniatures are about 
1/60 inch in diameter, On all these bases there is a gap at one place in the circle of pins — at a point where 
another pin might be, but isn't. When looking at the bottom of the tube, or at the bottom of its socket, num-
bering of the pins always starts with number 1 at the left of this gap, and proceeds clockwise, as shown on 
all the diagrams. 

It is important to remember this numbering system, for there are no visible numbers on the tubes. Even 
when the small sockets have numbers they may be difficult to see when surrounded and partially covered 
by wiring. 

Now we have a general idea of where and how the principal kinds of tubes may be used, and we know 
something about the structural features. It is next in order to learn how tubes actually operate. To begin 
with we shall see whathappens when there is only a cathode and a plate. Tien other elements will be added 
in extending the usefulness of the tube. 

CATHODES. We have learned that heating gives free electrons in the cathode enough extra energy to let 
them get through the surface and into the space near the cathode. There are other ways of imparting the 
energy necessary for electron emission, as with light in the case of phototubes and photocells, but since 
all tubes in modern radio and television receivers for homes and business places are operated with heated 
cathodes, we shall confine our studies to this general type. 

In most tubes whose construction has been examined the cathode is a small cylinder which surrounds the 
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Fig. 9-9. Symbols for diode tubes having heater-cathoces. 

heater. The cathode and heater may be completely insulated from each other ins de the tube, with one base 
pin for the cathode and two separate pins for the heater. This construction . s represented at the left in 
Fig. 9-9.1n other tubes the cathode is internally connected to one side of the heater, as shown at the right. 
%ith either of these arrangements the cathode is said to be indirectly heated. It may be called a heater-
cat hode. 

En Fig. 9-10 we have an entirely different kind of cathode, the inverted V-shaped conductor which you can 
see on the right—hand section of the tube where one of the two plates has been removed. The other plate 
remains in place. There is no separate heater. Cathode temperature is raised by a heating current which 
flows in the cathode itself. This is called a directly heated cathode, or a filament-cathode, or just a fila-
ment. 

Circuit connections fora tube with filament-cathode are shown by Fig. 9-11.At the left is a power source 
which furnishes heating current for the filament. At the right is a separate power supply furnishing the 
potential difference which causes electron flow in the plate circuit of the tube. The negative side of the 
plate power supply may be connected to either side of the filament-cathode. The positive side of the plate 
power supply is connected through the load to the plate of the tube. Thus the entire length of filament-cathode 
inside the tube, and its heating circuit on the outside, are made negative with reference to the plate. Then 
electron flow occurs between cathode and plate just as in a tube having a heater-cathode. 

There may be any number of additional active elements in a tube having either a heater-cathode or a fil-
ament cathode. The kind of cathode has no bearing on the remainder of the design. 

Filament-cathodes are used in many rectifier tubes operating with large currents at moderate voltages. 
Fig. 9-10 is an example of such a rectifier. This type of cat-iode is used also ii rectifiers operating with 
small currents at very high voltages, as in power supplies for picture tubes. 

In all the great variety of tubes designed for operation with battery power in portable radios the cathodes 
are of the filament variety. Nearly all recent types of battery operated tubes are designed for a normal po-
tential difference of 1.4 volts across their filaments. These filament-cathodes may be operated with any 
voltage not exceeding 1 6 volts, and will perform quite satisfactorily with filament potentials as low as 
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Fig. 9-10. One plate has been removed from this rectifier tube to expose the filament-cathode. 

1.25 volts. This range of useful voltages allows connecting the filaments directly across one dry cell, which 
furnishes a nominal potential difference of 1 5 volts, or across a battery of such cells so connected as to 
furnish 1.5 volts. 

Type numbers of most 1.4 volt battery operated tubes commence with the numeral 1, followed by a letter. 
Type 1LB4 is an example. Some battery types have a two-part filament which may be connected for opera-
tion either on 1 4 volts or else on 2.8 volts as would be furnished by two dry cells connected in series. 
Type numbers of these tubes commence with the numeral 3, as type 3V4 for example. 

There are other battery type tubes designed for operation with a nominal 32 volts on their filaments, as 
furnished by batteries in some farm-light plants. Still others are designed for 24-volt filament supply from 
batteries in aircraft. 
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Fig. 9-11. Current for cathode heating and current for the plate circuit both :slow in a filament-cathode. 

The supporting portion of either a heater-cathode or a filament-cathode is of some metal which withstands 
high temperature without deterioration. For receiving tubes this support is coated with the active cathode 
material which contains oxides of barium, strontium, and maybe calcium. These substances have the ability 
to emit great quantities of free electrons when heated to only a dull red temperature, on the order of 1,500° 
to 1,700° Fahrenheit. Cathodes constructed in this manner are called coated cathodes. 

In earlier types of receiving tubes the entire cathode was made of tungsten containing small quantities 
of thorium and thorium oxide. This material has to be heated bright yellow, to about 3,000°F., to provide 
satisfactory emission. The thoriated cathodes are now found in only some transmitting and special purpose 
tubes. Cathodes of pure tungsten are used in high-voltage transmitting tubes, and were used in the very 
earliest tubes of all kinds. Pure tungsten must be heated dazzling white, to around 4,000°F., to provide 
satisfactory emission. 

ALL TURES ARE ONE-WAY ELECTRON VALVES. Examination of Fig. 9-11 shows that the tube would 
act as a rectifier were the power supply for the plate to furnish alternating potential. We would have one-
way electron flow or rectifying action within the tube because only the cathode is made hot enough to emit 
electrons. Electron flow will occur from cathode to plate orly while the plate Is positive with reference to 
the hot cathode, because electrons can flow only from negative to positive. 

So far as the matter of element polarity is concerned, electrons could flow from a negative plate to a 
positive cathode. But no matter what the relations of positive and negative, electrons cannot flow from a 
cold plate to a hot cathode for the simple reason that no eleztrons will be emitted from the cold plate. 

Direct potential is applied to amplifiers, and to all tubes other than rectifiers, in such polarity as to 
make the plates positive with reference to the cathodes. However, even were the plates negative with ref-
erence to the cathodes there still could be no reverse electron flow, because the plates still would be cold 
and would not emit electrons. Every tube with a hot cathode acts as a rectifier cr a one-way electron valve 
to the extent of allowing electron flow away from the cat-iode, and preventing electron flow toward the 
cathode. 

VACUUMS. Almost without exception the tubes in receivers are high vacuum iypes. Practically all water 
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Fig. 9-12. How plate current increases with increase of plate voltage in one type of rectifier tube. 
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vapor, air, and other gases have been pumped out of the envelope, which then LS sealed to retain the nearly 
perfect vacuum. Were any appreciable quantities of gas to remain, there might be corrosion and oxidation of 
internal metal parts. Even more important, in a highly evacuated tube there is little chance that atoms of 
gases will get in the way of electrons speeding from cathode to plate. The c3ance of an electron colliding 
with a gas atom isn't pne in tens of thousands. 

Gases which form air are so dense or so concentrated outdoors at sea level that they exert pressure of 
14.7 pounds per square inch on everything exposed to them. The density of gases remaining inside a high-
vacuum tube is so little that average internal pressure is only 21/2 millionths of one ounce per square inch. 

In some tubes there are intentionally small quantities of certain gases, admitted after the tube is first 
thoroughly evacuated. The purpose of these gases is to permit ionization, an action during which additional 
electrons are knocked off the atoms of contained gases when the atoms are struck by emitted electrons. 
About the only purpose for which such gas-filled tubes are employed in home receivers is regulation of 
voltage in power supplies. 

ELECTRON FLOW AND PLATE VOLTAGE. Electron flow from cathode t3 plate varies inversely with 
the square of the distance between these elements. This means simply that twice the separation will reduce 
the flow rate to one-fourth, that three times the separation will reduce the flow to one-ninth, and so on. 

For any given distance between cathode and plate the flcw rate increases with increase of potential dif-
ference between these elements. Potential difference between plate and cathode is called plate voltage. 
Electron flow or current increases with increase of plate voltage. Current increases somewhat faster than 
the plate voltage increases throughout the normal range of working voltages for the tube. The relation 
between plate current and plate voltage is typically as shown in Fig. 9-12, which applies to a heavy-duty 
rectifier tube. 

When electrons are emitted from the cathode surface they move rather slowly at first, but are acceler-
ated to velocities of thousands of miles per second before reaching the plate. The energy of motion (kinetic 
energy) in the electrons as they strike the plate is enough to raise the temperature of the plate. In large 
transmitting tubes operating at high plate voltages with la-ge currents this heating effect is so great that 
the plates have to be cooled with motor driven fans or with circulating water. 

ELECTRON FLOW AND CATHODE TEMPERATURE. Supposing we were to operate a cathode at a temp-
erature much below normal. The rate of electron emission from this cathode would be much less than the 
normal rate. If applied plate voltage then were to be started from zero and gradually increased, the plate 
current would change about as shown by the full-line curve of Fig. 9-13. At first the increasing plate volt-
age would draw more and more electrons from the cathode to and into the plate. Soon, however, we should 
reach a point, A, where all electrons emitted at the low cathode temperature are being drawn away from the 
cathode. Further increase of plate voltage could draw no more electrons that are being emitted, plate cur-
rent would increase only slightly, and the current curve would level off as on the graph. 

'e cathode temperature raised to some extent there would be a greater rate of electron emission. Were 
plate voltage again started from zero and gradually increased, the additional emission would allow plate 
current to increase up to point B. But again, at 13, would come a condition wherein all emitted electrons 
are drawn from the cathode as fast as emitted. Plate current could increase but little more with further 
increase of plate voltage, and again the current curve would flatten out for all higher plate voltages. 

A third rise of cathode temperature would cause a still greater emission rate, and plate current might 
follow the curve up to point C before ceasing to increase with increase of plate voltage. When all emitted 
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Fig. 9-13. Maximum possible plate current varies with change of cathode temperature. 

electrons are drawn to the plate as fast as emitted the resulting value of plate current is called saturation 
current. 

In examples illustrated by Fig. 9-13 the maximum plate current is limited by cathode temperature. This is 
not a good way in which to operate a tube. There never is any excess of negative electrons at the cathode, 
and plate potential acts so violently at the cathode surface in an attempt to drag out more electrons that 
the surface is almost sure to be damaged. 

THE SPACE CHARGE. Now let's see what happens when plate voltage is held constant at some moderate 
value while cathode temperature and emission rate are gradually increased. The constant plate voltage 
results in a constant positive charge on the plate. Strength of this positive charge, or its ability to attract 
electrons, depends directly on plate voltage and will remain constant if plate voltage remains constant. 

The positive charge of the plate exerts attraction at the cathode. Each atom at the plate surface which 
lacks an electron is reaching across the tube space and pulling on any negative electron which may be 
emitted from the cathode. With no emission, a cold cathode, we have the condition represented at A in 
Fig. 9-14. All the attractive force of the plate is working on the cathode, but it finds no electrons. 

At B the cathode has been heated to some low temperature, and there is some emission of negative elec-
trons from the cathode. This small emission furnishes enough electrons to satisfy part of the attractive 
force ( positive charge) of the plate, but the remainder of the attractive force finds no electrons. 

At C the cathode temperature has been raised to a point where emission is just enough to satisfy all the 
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Fig. 9-14. Increasing the emission rate while plate voltage remains constant results in formation of a 
space charge. 

attractive force from the plate. We might think of the situa:ion this way: Every positive atom on the plate 
exerts one unit of attractive force. There are just enough electrons being emitted to furnish one negative 
electron for each unit of positive force from the plate. There is no positive force left unsatisfied, but neither 
are any extra free electrons left at the cathode. 

At D we have still greater emission, more than enough to satisfy the entire attractive force corresponding 
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to the applied plate voltage. But even with extra electrons available no more of them can be pulled to the 
plate, for there is no unsatisfied positive charge. Plate current will be the same as with condition C. The 
excess of emitted electrons remains in the space near the cathode. This excess is called the space charge. 

The space charge is negative, being composed of negative electrons. This negative charge oppoaes or 
repels any additional negative electrons which are trying to get out of the cathode because of heat energy. 
There develops a balance between the emitting force of the heat and the repelling force of the negative 
space charge. Emission proceeds only fast enough to maintain this balance df forces. 

When electrons are drawn from the space charge to the plate there is a reduction of the negative space 
charge. This means less repulsion for emitted electrons, and more electrons will come out of the ca_hode. 
Quite plainly, emission can be at only the same rate as electron flow to the plate — emission and plate 
current are equal. Plate current is being limited by the space charge, and we say that the tube is being 
operated "space charge limited". This is the normal and usual method of operating radio and teleiision 
tubes. The space charge protects the cathode surface. It also forms a sort of " bank" of reserve eleztrons 
which may be drawn upon to meet momentary demands for extra plate current. 

AMPLIFICATION. A diode does only one thing which is useful in television and radio receivers This 
is to provide one-way conductivity. Although a table in this lesson lists many uses for diodes, the action 
in every case depends solely on the one-way conductivity of these tubes. Of course, all these uses for 
diodes are important, for otherwise they wouldn't be included in receivers. But of greater importance is 
something a diode cannot do, it cannot amplify a signal. We have learned that in all receivers there are 
more amplifiers than any other one kind of tube. The biggest single job always is that of amplification, of 
increasing the strength of the exceedingly weak signals coming to the antenna. 

In order that a tube may amplify a signal, the tube must have a control grid. No matter what other kinds 
of elements might be placed between the cathode and plate, the lack of a control grid would prohibit ampli-
fication. In the following lesson we shall see how a control grid makes amplification possible. 
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LESSON No. 13 

AMPLIFYING A VOLTAGE 

The three meters of Fig. 10-1 will show us how a triode tube amplifies a signal voltage. You are looking 
directly at the top of the tube, which is mounted at the center of the small light-colored block below two of 
the meters. Around the tube are terminal screws connected to tie socket and arranged in the same order as 
the base pins and socket connections. 

Up above are the three meters. The one at the left measures rid voltage, which is the potential differen-
ce between grid and cathode. The meter at the center measures plate current in milliamperes. At the right 
is a separate testing instrument which, in this picture, is connected by its flexible leads to measure plate 
voltage. Plate voltage is the potential difference between plate and cathode of the tube. 

Our testing circuit is shown in detail by the connection diagram at the top of Fig. 10-2 and by the simp-
lified schematic diagram at the bottom. The many connections and screw terminals as shown by the diag-
ram and photograph seem more intricate than necessary for this simple hookup, but they will be needed be-
fore we are through. 

Concealed behind the panel is a power supply unit of the type used in television and radio receivers. 
The positive side of the power supply section that furnishes plate voltage and current is connected to the 
panel screw marked B+,and the negative side of this section is connected to the screw marked I3-. The sec-
tion of the power supply that furnishes heater current is connected to the two heater terminals on the tube 
block. 

Broken lines on Fig. 10-2 show that the grid voltage meter is connected behind the panel to two terminal 
screws marked METER. On the front of the panel the left-hand screw terminal is connected through a wire 
to the tube grid. The right-hand METER screw is connected on the front of the panel to the cathode of the 
tube. When later we produce potential differences between grid and cathode of the tube, they will be indi-
cated by this meter. 

As shown also by broken lines in Fig. 10-2, the positive side of the plate current meter is connected be-
hind the panel to one of another pair of terminal screws marked METER and, on tue front of the panel, to 
the screw marked B+ and thereby to the power supply. The negative side of this plate current meter is con-
nected behind the panel to the second METER terminal screw and, through front connections, to the tube 
plate. Therefore, all current flowing in the plate circuit of the tube must pass through and be measured by 
this meter. 

The separate testing instrument is a service type volt-ohmmeter, which will measure either volts of po-
tential difference or ohms of resistance. Throughout this lesson the instrument will be used as a voltmeter. 
In Figs. 10-1 and 10-2 its positive lead is clipped to a terminal screw from which a wire goes directly to 
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Fig. 10-1. The test setup which will show how a tube amplifies a signal voltage. 

the tube plate. The negative meter lead is clipped to the B- terminal screw, and thence through a wire con-
nection to the tube cathode. Therefore, this meter will indicate potential difference between plate and cath-
ode, which is plate voltage. 

The dial figures and graduations on the meters for grid voltage and for plate current are large enough to 
be read easily on a photograph. But the volt-ohmmeter scales have smaller graduations because there are 
several scales on the one dial. Fig. 10-3 is an enlarged view of the volt-ohmmeter scales. For our present 
purposes we shall measure nothing greater than 300 volts, with the connecting leads in appropriate jack 
terminals of the instrument. Then all our readings will be on the bottom row of numbers, which are 0-100-
200-300 volts. In Fig. 10-1 you can see that plate voltage as measured on this scale of numbers is about 
100. 

All of our diagrams show that the grid of the tube is connected through wires on the front of the panel to 
the cathode of the tube. With this connection, of practically zero resistance, the potential of the grid must 
be the same as of the cathode. There can be no potential difference between them. 
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Fig. 10-2. Meter connections and other details of the testing circuit. 

Potential of the cathode always is considered to be the reference potential for voltages of all other tube 
elements; it is considered to be zero. Since we now have no potential difference between grid and cathode, 
the grid is at zero voltage. Usually we would speak of this condition as "zero grid". 
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Fig. 10-3. The dial scale markings of the volt-ohmmeter. 

The plate is approximately 100 volts positive with reference to the cathode. It is this positive plate po-
tential that pulls electrons from the space charge around the cathode, through the grid, and into the plate. 
The electrons come from B- of the power supply to the cathode. From the plate they return to B+ of the 
power supply through the plate current meter. This meter, in Fig. 104, shows that the electron flow rate 
or plate current is almost exactly 9.0 milliamperes. 

From the simplified diagram at the bottom of Fig. 10-2 it is apparent that some electrons from the plate 
could get back to the cathode through the plate voltmeter. Only a negligible quantity of electrons actually 
take this path, because resistance of voltmeters is much greater than of current meters. The resistance of 
our plate voltmeter is 6,000,000 ohms (6 megohms) and resistance of the plate current meter is only about 
7 ohms. 

PLATE CHARACTERISTICS. For our first tests we shall keep the grid at zero with reference to the 
cathode and determine the effect on plate current of varying the plate voltage. In Fig. 10-1 the plate voltage 
is 100 and plate current is 9.0 rua. In Fig. 10-4 the plate voltage has been reduced to 70, and plate current 
has dropped to 5.0 Ina. In Fig. 10-5 the plate voltage has been further reduced to 40, and plate current has 
gone down to 2.0 ma. 

Similar measurements may be made with many different plate voltages. Results of a series of actoalmea-
surements were as follows. 

Volts Ma Volts Ma 

100 9.00 60 4.00 
90 7.60 50 3.00 
80 6.35 40 2.15 
70 5.10 30 1.40 

Volts Ma 

20 0.80 
10 0.30 
O O 



COMMERCIAL TRADES INSTITUTE 

Lesson No.10 — Page 5 

Fig. 10-4. Reducing the plate voltage reduces the plate current. 

On a sheet of ruled "graph" paper we may draw a curve shcwing these relations between plate current 
and plate voltage, as in Fig. 10-6. The vertical scale at the left is for milliamperes of plate current. The 
bottom horizontal scale is for plate volts. All the corresponding pairs of values for volts and milliamperes 
are marked on the graph, and through the marks is drawn a smoothly sloping curve. The curve is drawn with 
a smooth slope, and if this causes the curve to miss some of the marks it indicates small errors in mea-
su rem en Ls. 

A curve of this kind is drawn with a full line in Fig. 10-6. Engineers would call it a plate characteristic. 
This one characteristic curve applies only when the grid is zero, or at the same potential as the cathode. 

EFFECTS OF GRID VOLTAGE. While it is necessary that we understand how a tube behaves with its 
grid zero, tubes seldom are so operated. The reason will appear when we apply a signal voltage to the tube 
being tested. In almost every application the grid remains negative with reference to the cathode. 
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In Fig. 10-7 the grid has been made about 1.5 volts negative by inserting a dry cell between cathode and 
grid, where formerly there was only a length of wire. The negative terminal of any dry cell in its outer me-
tallic "can" and the positive terminal is a small insulated disc or button in the center of one end of the 
cell.The dry cell is here mounted so that its negative terminal is connected through wires to the grid of the 
tube, and its positive terminal to the cathode. 

A dry cell of any size furnishes approximately 1.5 volts of potential difference;actually about 1.56 volts 
when furnishing little or no current. This value of negative grid voltage is indicated by the left-hand grid 
voltage meter. 

The plate voltage meter in Fig. 10-7 shows that the plate of the tube is 100 volts positive with reference 
to the cathode. But plate current now is only 5.1 ma with the grid 1.5 volts negative, whereas with zero grid 
and 100 volts on the plate we had plate current of about 9.0 ma. 

Fig. 10-5. The less we make the plate voltage, the smaller becomes the plate current. 
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Fig. 10-6. Plate characteristics for the grid at zero and at 1.5 volts negative. 

Plate current has been reduced because the negative potential or charge on the grid is counteracting part 
of the positive potential or charge on the plate. It is the positive charge on the plate that enables the plate 
to pull to it the negative electrons from the space charge aid cathode. The grid is so much closer than the 
plate to the cathode and space charge that a relatively small negative voltage on the grid will counteract 
in large measure a much greater positive voltage on the plate. 

Now, while keeping the grid at 1.5 volts negative, we again might measure the plate current with various 
values of plate voltage, and make a second graph curve showing what happens with this grid voltage. Such 
a curve is drawn with a broken line on Fig. 10-6. 

With the grid 1.5 volts negative we can obtain a plate current of 9.0 ma only with an increased plate volt-
age. This has been done in Fig. 10-8, where the plate voltage meter reads 135 volts instead of the 100 volts 
which caused this same current with a zero grid. 

Fig. 10-6 shows that for any given plate current we require higher plate volttige when the grid is negative 
than when it is zero. Also, with any particular plate voltage, the plate current is less when the grid is ne-
gative than when it is zero. 
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Down at the lower end of the broken-line curve of Fig. 10-6 we run into a rather peculiar condition,which 
is shown also by the meters in Fig. 10-9. Plate current has dropped to zero. But still there is 20 volts posi-
tive on the plate. This condition is called plate current cutoff.  For any positive voltage which may be app-
lied to a plate of a tube there will be some negative grid voltage which will reduce the plate current to 
zero or to cutoff. Our ability to thus cut off the plate current by means of a grid voltage sufficiently nega-
tive will prove to be of great usefulness in many television circuits. 

Were we to make a complete checkup on the tube being tested it would be in order to change the negative 
grid voltage in steps, and for each grid voltage draw a plate characteristic curve. Then we should have 
what is called a family of plate characteristics. 

Fig. 10-10 shows a family of plate characteristics for a 6C4 triode tube. The left-hand curve shows rela-
tions between plate milliamperes and volts when the grid is zero. Following curves are drawn with the grid 
more and more negative, in steps of 2 volts, until reaching 30 volts negative. At the bottom of each. curve, 

Fig. 10-7. When the grid is made negative there is a decrease of plate current. 
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Fig. 10-8. To increase the plate current while the grid is negative we must raise the plate voltage. 

where it meets the line for zero plate current, you may read the plate voltages at which there is cutoff for 
each of the grid voltages. For instance, on the curve for a 10-volt negative grid there is cutoff when the 
plate still is 140 volts positive. 

GRID RIAS. The grid voltage which is furnished by the dry cell added to our test setup in Fig. 10-7 is 
called a grid bias voltage or simply a grid bias. Any voltage applied between grid and cathode in such man-
ner as tends to keep the grid at some certain potential with reference to the cathode is a bias voltage. 

The bias voltage may be of any value that suits our purposes in various apPicationsof tubes. The bias 
voltage need not be furnished by a dry cell or a battery of dry cells. Bias may be obtained from the power 
supply or in other ways which will be described in later lessons. 

GRID VOLTAGE AND PLATE CURRENT. In all signals which we may wish to amplify, the voltages 
are alternating. Signal voltages act first in one direction or polarity, then in the opposite direction, and 
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continue to alternate. These alternating signal voltages come originally from the antenna, but farther along 
in the receiver they may come to an amplifier tube from any preceding part or circuit. So far as a given tube 
is concerned, any part from which the signal comes is the source of signal voltage. This voltage is applied 
between grid and cathode of the tube, as at / in Fig. 10-11. 

Now let's see how an alternating signal voltage looks to the grid of the amplifier tube. To begin with we 
shall assume that there is no signal, a that signal voltage is zero. This may be represented by the straight 
horizontal line at 2 in Fig. 10-11. Were there no bias voltage, and were this zero signal voltage to be app-
lied between grid and cathode, there would be no potential difference between grid and cathode. We would 
have the condition of zero grid at this instant. 

During a following instant the signal voltage would swing in such direction or polarity as to make the 
grid positive with reference to the cathode when there is no biasing voltage. This we represent by an up-
ward curve as at 3. Signal voltage increases from zero to its maximum positive value, then drops back to 

Fig. 10-9. The negative grid causes plate current cutoff, even though a positive voltage is applied to the 

plate. 
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zero. Then the signal voltage reverses its polarity, as at 4, and makes the grid negative with reference to 
the cathode. Here the signal goes from zero to its maximum negative value and back to zero. 

The continually recurring reversals or alternations of signal voltage actuaLy would appear as at 5. There 
are no pauses at zero. The voltage goes continually fron positive to negative and back again, passing 
through its zero value in between the two maximum values. 

A real signal reverses its polarity at the rate of hundreds, thousands, or millions of times every second. 
We could not see such rapid changes or the resulting currents on our meters. Consequently,we must reduce 
this rapid rate of alternation to extremely slow motion, or to a standstill at maximum positive and negative 
values 

This has been done in Fig. 10-12. To represent the signal voltage we use a second dry cell mounted ver-
tically on the left-hand side of the panel. The first dry ceE,which furnishes 1.5 volts of negative grid bias, 
has not been disturbed. Our signal-voltage dry cell is mounted with its pos:tive terminal toward the top, 
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Fig. 10-10. A family of plate characteristics for a 6C4 triode tube. 
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Fig. 10-11. The alternating signal voltage applied between grid and cathode. 

Fig. 10-12. The signal and biasing voltages combine to make the grid zero. 
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from where it connects to the grid of the tube. The negative side of this cell connects through the biasing 
dry cell to the cathode of the tube. This gives the effect of diagram 3 in Fig. 11, where the signal tends to 
make the grid positive with reference to the cathode. The signal does not succeed in making the grid posi-
tive, because we have a negative grid bias. 

The straight wire which formerly ran from the negative side of the biasing dry cell up to one of the meter 
terminals and thence to the grid of the tube has been replaced with a resistor. The signal-voltage dry cell 
is connected across this resistor, and thus is connected at the top to the grid of the tube, and at the bottom 
is connected through the biasing cell to the cathode. 

liad the wire been left in place it would have short circuited the signal voAage. That is, there could have 
been no potential differences across the negligible resistance of the wire, and no signal voltages. Inciden-
tally, the dry cell which is acting as signal voltage would have been almost instantly discharged and ren-
dered useless by the short circuit. Signal voltage is applied across the inserted resistor. At the same time 
this resistor maintains a path through which bias voltage would reach the grid whether or not there were a 
signal circuit. 

Fig. 10-13. Here the signal and bias combine to make the grid negative. 
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Fig. 10-14. The alternating signal voltage, the combined signal and bias voltages on the grid, and the 
resulting plate current. 

Now let's see what the meters tell us in Fig. 10-12. We note first that the grid voltage is zero. This is 
because there are, between grid and cathode, two voltages which are equal and which are opposing each 
other. The signal voltage is trying to make the grid 1.5 volts positive, and the bias voltage is trying to 
make the grid 1.5 volts negative. Each counteracts the other, and the net difference of potential between 
grid and cathode is zero. 

Plate current is almost 9.0 ma and plate voltage is 100. Back in Fig. 10-1 we had the same plate current 
with 100 voids on the plate and a zero grid. No matter how any certain grid voltage is obtained, it will allow 
equal plate currents when there is some given plate voltage. 

NOTE: Although plate current reads 8.8 ma in Fig. 10-12 and 9.0 ma in Fig. 10-1 we are justified in con-
sidering these currents as alike. They should have been alike, because in both cases we have the same 
plate voltage and the same grid voltage. The greater plate current in Fig. 10-1 may have resulted from lon-
ger operation of the tube before taking the photograph, for there is maximum electron emission only after a 
cathode reaches its final high temperature. Voltage from the building power line might have changed be-
tween times of the two photographs, resulting in a change of tube heater voltage and current. This would 
not have affected the plate voltage, which was adjusted for each test, while no compensations were made 
for changes of heater voltage. 

You may notice small discrepancies between currents or voltages in other pictures. Similar varia-
tions will occur when making receiver tests during service operations. Because we are studying general 
principles, not precision measurements, these slight differences should be ignored. 

For our next test we shall reproduce the effect of a signal voltage such as at 4 in Fig. 10-11, where the 
polarity of the signal would tend to make the grid negative. It is necessary only to turn the signal-voltage 
dry cell upside down, as in Fig. 10-13, with the negative side of the signal dry cell toward the grid. Now 
the signal voltage, by itself, would make the grid 1.5 volts negative. The biasing voltage also, by itself, 
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would make the grid 1.5 volts negative. The two ;oltages are acting together, in the same polarity. Their 
effects add together, and make the grid 3.0 volts negative as shown by the grid voltage meter. 

Plate voltage still is 100. But plate current has dropped to about 2.2 ma. Between Figs. 10-12 and 10-13 
the plate current has dropped from 8.8 to 2.2 ma, which is a change of 6.6 ma. This has resulted from vary-
ing the grid voltage from zero to 3.0 volts negative. Plate voltage has remained constant. 

What has happened is illustrated by Fig. 10-14. At the left is the signal voltage, swinging to 1.5 volts 
positive, then through zero to 1.5 volts negative and back to zero. At the same time there has been a bias-
ing voltage which constantly makes the grid 1.5 volts more negative than any other voltage simultaneously 
applied between grid and cathode. The signal and bias voltages combine, as at the center, to swing the 
grid to zero, then through 1.5 volts negative to 3.0 volts negative and back to zero. 

The result of all this, shown at the right, has been to it crease the plate current to 8.8 ma, then decrease 
this current through 4.9 ma to 2.2 ma, and let it come back to 4.9 ma. We know that plate current reaches 

Fig. 10-15. One step during measurements for a mutual characteristic with 125 plate volts. 
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8.8 ma when the grid is zero by looking at Fig. 10-12, and that current drops to 2.2 ma when the grid is 3.0 
volts negative by looking at Fig. 10-13. We know that plate current should be 4.9 ma with the grid 1.5 volts 
negative and 100 volts on the plate by looking at the broken line curve of Fig. 10-6. 

TRANSCONDUCTANCE. We have measured the effect on plate current of changes of grid voltage when 
the plate voltage remains constant. Fig. 10-14 shows that a change of 1.5 volts on the grid, from zero to 
1.5 volts negative, causes the plate current to change by 3.9 ma, from 8.8 ma down to 4.9 ma. What is the 
change of plate current per volt change of grid voltage? We divide 3.9 (plate ma) by 1.5 (grid volts) to 
find that there is a change of about 2.6 ma per volt. To avoid using this decimal fraction we may measure 
the plate current change in microamperes. One milliampere equals 1000 microamperes, so 2.6 ma is the 
same as 2600 microamperes. 

The change of plate current per one-volt change of grid voltage is called grid-plate transconductance, or 
more often is called simply transconductance. When the tube is a triode we may call this quantity mutual 
conductance. In the case of a triode the terms mutual conductance and transconductance mean the same 
thing. When talking about pentodes and beam power tubes we always use the term transconductance. 

Fig. 10-16. Another step during determination of the mutual characteristic. 
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Fig. 10-17. The mutual characteristic for a plate voltage of 125. 

Now let's figure out the transconductance when the grid voltage changes from 1.5volts to 3.0 volts nega-
five in Fig. 10-14. This is another change of 1.5 grid volts. The plate current drops from 4.9 ma to 2.2 ma, 
which is a change of 2.7 ma. Dividing the plate current change(2.7 ma) by the grid volts change ( 1.5) shows 
that current is varied by 1.8 ma or by 1800 microamperes per volt. Then the transconductance in this case 
is 1800. There is a big difference between transconductances with the grid working up toward zero and with 
it working down toward 3.0 volts negative. 

Transconductance is not ordinarily computed from changes of grid voltage so great as 1.5 volts, but from 
a change of a small fraction of one volt near the average grid voltage. This average is the biasing voltage. 
In lists or tables of tube performance published by manufacturers you will find values of transconductance 
or mutual conductance as obtained with certain grid voltages and plate voltages. The values will be given 
as so many micromhos, a name which means the same as microamperes per volt. 

MUTUAL CHARACTERISTICS. Now we shall measure the effect on plate current of varying the grid 
voltage while plate voltage remains at a constant or fixed value. One of the tests is pictured by Fig.10-15. 
The biasing dry cell has been removed. The two screw terminals on either side of the word BIAS are con-
nected behind the panel to a section of the power supply capable of furnishing auy negative biasing voltage 
from zero to 10 volts. 



COMMERCIAL TRADES INSTITUTE 

Lesson No.10 — Page 18 

Plate voltage is 125, and will be kept at this value. Measurements would commence with the grid zero. 
Then the grid would be made more and more negative in small steps, while keeping the plate voltage con-
stant. Fig. 10-15 shows what happens when the grid has been made about 3.0 volts negative. Plate current 

is 5.4 ma. 

We would make notes of plate currents obtained at each step of grid voltage variation, always with the 
plate at 125 volts or at whatever plate voltage has been selected for the series of measurements.Fig. 10-16 
shows what happens when the grid is made about 8.0 volts negative. Plate current is down to 2.2 ma,while 

plate voltage still is 125. 

After completing a series of measurements with some one plate voltage we should "plot" the results in 
the form of a graph curve such as the one of Fig. 10-17. This curve shows relations between plate current 
and grid voltage with the grid varied from zero to 10 volts negative when plate voltage is 125. It would be 
in order to make curves for several of the plate voltages in the range which normally would be used for the 
particular tube being tested.Each such curve is called a mutual characteristic. Tube manufacturers publish 
average mutual characteristics for many of the more commonly used tubes. 

Fig. 10-18. A resistor has been inserted in the plate circuit of the tube. 

A 
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VOLTAGE AMPLIFICATION. Up to this point we have learned how a varying signal voltage on the grid 
will cause variations or alternations of plate current. The plate current alternates just as does the grid volt-
age, and at the same instants. This plate current could be called a signal current. But we are not trying to 
produce a signal current, what we are after is a signal voltage which is like the grid voltage but much 
stronger. 

The practical way to obtain a signal voltage in the plate circuit is to insert a resistor in this circuit, 
and let the varying plate current flow in this resistor. Then, whenever there is a change of plate current 
there will be a corresponding change of voltage between one end and the other of the resistor. From the 
ends of such a resistor we can take a varying voltage which is like the varying voltage on the grid. 

Fig. 10-18 shows how a resistor is put into the plate circuit. This resistor is at the right-hand side of 
the main panel, connected between two terminal screws where formerly we had a piece of wire. Electron 
flow in the plate circuit is from the B- side of the power supply to the tube cathode, through the tube from 
cathode to plate, from the plate to the top of the new resistor, through this resistor and the plate current 
meter back to the B+ side of the power supply. 

Fig. 10-19. Part of the power supply voltage is used up in the pate resistor. 
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The biasing dry cell and also the dry cell furnishing signal voltage have been replaced with wires. Thus 
the grid is connected directly to the cathode, and we have a zero grid. The volt-ohmmeter, used as a volt-
meter, is connected between the B- and B4- terminals of the power supply. This meter shows that the power 
supply is furnishing a 200-volt potential difference for the plate circuit. 

Plate current is about 8.6 ma. This is less current than in other tests with zero grid voltage, in spite of 
the fact that we are using in the plate circuit a voltage higher than ever before. We shall see why this hap-

pens. 

In Fig. 10-19 the volt-ohmmeter, as a voltmeter, is connected across the plate resistor, and shows that 
potential difference across this resistor is about 100 volts. This means that 100 volts out of the total 200 
volts from the power supply is being used up in forcing electron flow or current through this resistor. Note 

that plate current still is 8.6 ma. 

With 100 volts being used up in the plate resistor, the remaining 100 volts of the total 200 volts from the 
power supply should be found across the tube. In Fig. 10-20 the volt-ohmmeter is connected between plate 

Fig. 10-20. The remainder of the power supply voltage is being used in the tube. 
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Fig. 10-21. We have no signal or zero signal, with only the biasing voltage acting on the grid. 

and cathode of the tube. The positive side of the meter is connected to the plate through the wire running 
from the top of the plate resistor to the tube plate terminal. The negative side of the meter is connected to 
the 13- screw terminal, from which a wire runs up to the tube cathode terminal. The meter reads about 100 
volts, as it should. 

It is important to know and remember, when working with any tube, that part of the plate supply voltage 
will be used in forcing plate current to flow in any resistance in the plate circuit outside the tube. Only 
the remainder of the total power supply voltage will be plate voltage for the tube. Plate voltage is the po-
tential difference between plate and cathode of the tube. Plate voltage will be less than supply voltage, or, 
to say this the other way around, supply voltage must be greater than plate voltage. 

SIGNAL AMPLIFICATION. A signal voltage is amplified by connecting the signal source into the grid 
circuit, and taking the strengthened voltage from across a resistor in the plate circuit. We shall commence 
with signal voltage at zero or with no signal, and with the griè biased 13 volts negative as in Fig. 10-21. 
You can see the biasing dry cell and read the meters. Plate current, which is flowing in both the tube and 
the plate resistor, is 6.9 ma. Across the plate resistor we measure a potential difference of about 77 volts. 
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In Fig. 10-22 the signal voltage has been applied, and swung to its positive peak by connecting the sig-
nal dry cell with its positive terminal toward the grid. The signal and bias voltages balance each other and 
there is zero voltage on the grid, as shown by the left-hand meter. Grid voltage is less negative than in 
Fig. 10-21, with the result that plate current rises to about 8.9 ma. The increased current in the plate re-
sistor causes a greater potential difference across this resistor, which is shown by the meter to be 100 
volts. The supply voltage remains at 200. 

Fig. 10-22. A positive signal voltage increases the plate current and also the voltage across the plate 

resistor. 

In Fig. 10-23 the signal voltage has been swung to its negative peak, by inverting the signal dry cell so 
that its negative side is toward the grid. Now the signal and biasing voltages are in the same direction or 
same polarity. They add together to make the grid 3.0 volts negative, as shown by the meter. The grid is 
more negative than in either Figs. 10-21 or 10-22, and the effect is to drop the plate current to about 5.6 
ma. Across the plate resistor we now measure about 62 volts. 
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Fig. 10-23. A negative signal decreases the plate current and also the voltage across the plate resistor. 

Here is a listing of what has just happened to "input signal voltage", to grid voltage, and to "output 
signal voltage" as measured across the plate resistor. 

INPUT SIGNAL 

+1.5 volts 
0 volts 

- 1.5 volts 

GRID VOLTAGE OUTPUT SIGNAL 

0 volts 
-1.5 volts 
+3.0 volts 

100 volts 
77 volts 
62 volts 

(See Fig. 10-22) 
(See Fig. 10-21) 
(See Fig. 10-23) 

The total change of input signal, from +1.5 volts to -1.5 volts, has been 3.0 volts. The total change of 
grid voltage, from zero to -3.0 volts, has likewise been 3.0 volts. The total change of output signal, from 
100 down to 62 volts, has been 38 volts. 

A 3-volt change of input signal on the grid has caused a 38-volt change of output signal from the plate. 
The output signal is about 12.7 times as strong as the input signal. The tube has amplified the signal volt-
age by 12.7 times. 
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AMPLIFICATION FACTOR. To obtain amplification,of 12.7 times we have used 77 plate volts (while 
there is no signal or zero signal). We have used a negative grid bias of 1.5 volts. We have used a plate re-
sistor which has measured resistance of about 11,000 ohms. Under these particular conditions the amplifi-
cation factor of the tube being tested is 12.7. Amplification factor means the number of times an input sig-
nal voltage is multiplied with certain specified operating conditions. 

A symbol for amplification factor is the Greek letter called mu. The form of this Greek letter is p . Often 
we speak of the mu of a tube when referring to its amplification factor. 

PLATE RESISTANCE. As mentioned before, tube manufacturers publish lists of typical operating con-
ditions for certain types of tubes. Were such a listing to show conditions which we have been using, the 
values might be these. 

Plate voltage (with no signal) 

Grid voltage ( grid bias) 

Plate current (with no signal) 

Transconductance (or mutual conductance) 

Amplification factor 

Plate resistance 

125 volts 

-1.5 volts 

6.9 ma 

1120 micromhos 

12.7 

11350 ohms 

All of the values listed together must exist together. If any one of them is altered, the result will be to 
alter all the others. Manufacturers' listings give average values for all tubes of a given type. Individual 
tubes may vary somewhat in their performance, but new tubes of good quality will not vary enough to affect 
receiver operation except in a very few critical circuits, which will be discussed in due time. 

The only one of the listed values not yet explained is plate resistance. This is the opposition to flow of 
alternating plate current between cathode and plate. It would be natural to think that plate resistance of the 
tube could be computed by putting the values of plate volts and plate current into our regular formula for 
resistance. For the listed values we then would have, 

1000 x 125 (volts) 125 000  
Ohms — 6.9 (milliamperes) — 6.9 — 18 120 ohms, approximate. 

It doesn't work out quite this way. To compute what is called plate resistance of a tube we take some 
small change of plate voltage and the accompanying small change of plate current, with grid voltage con-
stant, and use these changes in our resistance formula. 

Here is an example. If we change the plate voltage on our tube by 2.0 volts, as from 122 to 124 volts, the 
plate current will change from 6.825 to 7.000 ma, which is a change of 0.175 ma. Then we use these chan-
ges in the formula, thus. 

1000 x 2 (volts change) 2 000 
Ohms — 

0.175 (milliampere change) = 0.175 
— 11 430 ohms, approximate. 

This plate resistance is practically the same as listed in the table of operating conditions. 

A 
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POSITIVE GRID. In all of our work up to this point the grid of the tube has been either zero or negative, 
never positive. Even when the signal voltage became 1.5 volts positive it was opposed by a bias voltage 
1.5 Volts negative, and the grid voltage was zero. As the alternating signal voltage changed from positive 
through zero to negative, it combined with the negative bias voltage to make the grid more and more nega-
tive. 

Except in a few types of amplifiers rarely used in home receivers the grid never is allowed to become 
positive with reference to the cathode. The negative bias voltage is made great enough always to equal or 
exceed the most positive peak of an applied signal voltage. Then the signal never can completely over-
balance the bias, and the grid never goes positive. 

Fig. 10-24 shows what happens should the grid become positive. The grid circuit has been opened just 
below the signal dry cell, and between the opened ends is connected a milliammeter which will indicate 
any current flowing in the grid circuit. This meter is of the "zero center" type. Its pointer stands at zero 
in the center of the dial scale when there is no current. Current in one direction swings the pointer to the 
left, and with current in the opposite direction the pointer swings to the right. The maximum range of this 
meter is only one milliampere. From the center toward either end the scale is marked 0, then . 5, and then 
1 at the end. 

Fig. 10-24. When the grid is positive there is current in the grid and its circuit. 
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Fig. 10-25. There is no grid current when the grid is negative. 

We are using no biasing voltage; the biasing dry cell has been removed and in its place is a wire connec-
tion. The signal dry cell is mounted with its positive terminal toward the grid and its negative side toward 
the cathode. Because there is no opposing bias voltage this makes the grid 1.5 volts positive. The regular 
grid voltage meter has been disconnected, because it is arranged to read only negative grid voltages. The 
zero center meter in the grid circuit shows that we have about 0.6 ma of grid current. 

With the grid positive it attracts electrons to itself from the space charge and cathode just as does the 
positive plate. It is only because the positive grid voltage is here so much smaller than the positive plate 
voltage that the grid current is so small. Were the grid as positive as the plate there would be more grid 
current than plate current, because the grid is closer to the cathode and gets first chance at the space 
charge electrons. 

When the grid is positive it not only takes electron flow or current for itself, but it gives space charge 
electrons such a good start toward the plate that great additional quantities go right through the grid to the 
plate, and we have greater plate current for any given plate voltage. In Fig. 10-24 the plate current is 9.0 
ma and plate voltage is about 70. Looking back at Fig. 10-6 you will see that it takes 100 plate volts to 
get 9.0 ma of plate current with a zero grid. With the grid 1.5 volts negative it takes 135 plate voàs to get 
the 9.0 ma plate current which we now have with only 70 plate volts while the grid is positive. 

A 
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In Fig. 10-25 we have not replaced the biasing dry cell, but have swung the signal voltage negative by 
inverting the signal dry cell. The pointer of the zero center meter has not swurg to the opposite side of its 
dial, as would have happened were there grid current in the opposite direction. This meter shows that there 
is no grid current, even though we have the same 70 volts on the plate. Because of the negative grid, plate 
current is down to about 2.2 ma. 

A negative grid takes no grid current. A zero grid draws grid current so small as to be measured in micro-
amperes, and for practical purposes the zero grid takes no grid current. A positive grid always takes grid 
current. As we proceed with our work you will learn that grid current can cause plenty of trouble, principally 
because the output signal voltage becomes decidedly different from the input signal. 

Since there can be no grid current in the grid circuit with the grid zero or negative, the only current taken 
from the signal source is that which flows in the resistor which is across the signal source and between 
grid and cathode. By using high resistance at this point the current taken from e signal source maybe made 
very small. 

It is true also that any source of biasing voltage connected in the grid circuit as in Figs. 10-16, 10-22 
and others is called upon to furnish no current when the grid is zero or negative. The bias source furnishes 
only a voltage, no current. 
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LESSON No. 11 

PENTODES AND BEAM POWER TUBES 

In the early days of radio, long before television, only triodes and diodes were available. Since diodes 
won't amplify a signal, all the amplifier tubes were triodes. The triodes worked very well as audio or 
sound frequency amplifiers, and performed acceptably at the low-frequency end of the standard broadcast 
band. But at the high end of this band the triode amplifiers caused plenty of trouble. 

The trouble came about because the plate and grid of a triode act like a small capacitor. These two 
elements are the capacitor plates, and the vacuum between them is the dielectric. The relatively strong 
signal voltages in the plate circuit can feed back through this grid-plate capacitance to the grid circuit, 
and there they act in such polarities as to reinforce the received signal voltages. 

This feedback would be welcome insofar as it strengthens the grid signals, but it doesn't stop there. 
The feedback voltage becomes progressively stronger as the receiver circuits are tuned to higher fre-
quencies. Feedback increases because opposition of any capacitance to alternating voltages and currents 
becomes rapidly less as frequency rises. When the early radios were tuned to higher signal frequencies, 
the alternating signal voltages in the grid circuit lost their control. 

The tube and its grid and plate circuits commenced to "oscillate", and produce their own voltages at a 
frequency determined by the values of feedback capacitance in the tube and of inductances in the grid and 
plate circuits. The frequency of such oscillating voltages and currents is so far above the audible range 
that, by themselves, the oscillations produce no sound from the speaker. But the oscillating voltages mix 
with voltages at other frequencies, and in those old sets the combination caused the speaker to emit un-
controllable whistles and shrieks. Even worse, the receiver became a small transmitter and radiated sig-
nals which the neighbor's sets reproduced as screeches and growls. 

After trying dozens of trick circuits in their efforts to prevent oscillation, the engineers attacked the 
real cause for the trouble, the grid-plate capacitance within the tube. Let's see how they did it. 

SCREEN GRID TUBES. To build a triode we would commence by placing a grid around the cathode, as 
in Fig. 11-1. This grid is a spiral of very fine wire closely spaced, for this is the way to give grid voltage 
the greatest control over plate current. In the triode the plate would be placed around the outside of the 
grid. Instead, we shall use another spiral of fine, closely spaced wire, as in Fig. 2. This element may be 
called the screen grid, but usually is called the screen. Were a plate to be placed around the screen we 
would have a tube with four active elements; cathode, grid, screen, and plate. A common name for a four-
element tube is tetrode. 
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Fig. 11-1. The cathode is surrounded by the grid. 

Fig. 11-2. The screen, between grid and 

plate, reduces grid-plate capacitance. 

Fig. 11-3 shows how the screen is connected to the same d-c power supply as the plate, but to a point 
of less- positive voltage. With the screen positive with reference to the cathode, emitted electrons are 
pulled toward the screen. By the time the electrons reach the screen they are traveling so fast that most 
of them go right through the openings between wire turns and go to the still more positive plate. 

The real purpose of the screen is not to pull electrons from the cathode toward the plate; this could be 
done as well or better without a screen, letting the plate exert its attraction directly on electrons emitted 
from the cathode. The real purpose of the screen is to lessen the grid-plate capacitance. The screen is 
made positive only in order that electrons shall pass from cathode to plate. How the screen reduces grid-
plate capacitance depends on the following facts. 

Cathode potential remains constant, it does not become alternately positive and negative at the fre-
quency of received signals. Between connections of the d-c power supply to cathode and screen there is 
very little opposition to alternating signal currents and voltages. Because of this small opposition, the 
potential of the screen cannot vary with reference to cathode potential, but must remain at whatever posi-
tive potential is applied from the power supply. 
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Fig. 11-3. Connections of the plate and screen to the power supply. 

The screen, held at constant potential, is located between grid and plate. In order that voltage feedback 
might occur there would have to be variations of electric field strength in the space between these ele-
ments, at the signal frequency. There cannot be appreciaAe variations so long as screen potential does 
not vary, and so the effect of grid-plate capacitance is reduced. 

In early types of triode amplifiers the grid- plate capacitance was 3.5 to 8.0 mmf. Screen grid tubes or 
tetrodes have grid-plate capacitance of about 0.007 mmf.This verysmall capacitance just about does away 
with plate-to-grid feedback. With feedback so reduced, high amplification becomes practicable. Amplifica-
tion factors of early triodes were about 9; tetrodes have computed factors of 600 to 800. 

SECONDARY EMISSION. The tetrodes worked fine on weak incoming signals, and provided large am-
plification for such signals. But when a fairly strong signal was applied to the control grid, the amplifi-
cation would fall off and the form of the output signal would not follow the form of the input signal. That 
is to say, the tetrodes would distort strong signals. 

The drop in amplification and the distortion are the results of secondary emission. Secondary emission 
means emission of electrons from the plate. We have been proceeding on the assumption that there can be 
no emission from a cold plate, and it is true that there is no useful emission from the plate. However, 
there can be electron emission from any body provided some of its free electrons are given enough extra 
energy to let them get through the surface of that body. 

The extra energy which causes emission from the plate comes from electrons emitted from the cathode 
in the usual way and which are hitting the plate at tremendous velocity. With a plate potential of 150 volts 
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the electrons hit the plate at a speed of more than 16 million miles per hour, and at 300 plate volts the 
speed is more than 23 million miles per hour. Such bombardment literally knocks electrons out of the cold 
plate 

There is secondary emission in a triode as well as in a tetrode, but because the plate of the triode is 
the only positive element, all the negative electrons freed by secondary emission are pulled back into the 
plate. In the tetrode, however, there is also the positive screen which is willing and able to attract the 
electrons. If electrons knocked out of the plate enter the screen and leave the tube by way of the screen 
there will be a reduction of useful plate current. 

Secondary electrons will enter the screen only when the screen becomes just as positive as the plate 
or more positive than the plate. Now we may ask, if secondary emission is bothersome only when plate 
voltage drops nearly as low or lower than screen voltage, why not keep plate voltage high enough and 
screen voltage low enough to prevent trouble? There are two reasons. First, if plate resistance of the tube 
is to be reasonably low, the screen voltage must be quite high — because it takes screen voltage to pull 
electrons toward the plate. Second, if we are to make use of the high amplification factor the plate voltage 
must go through wide swings. With wide swings of plate voltage and a fairly high screen voltage, plate 
potential will come close to or even below screen potential during signal peaks. 

Fig. 11-4. The suppressor is wound around the outside of the screen. 
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Fig. 11-5. The suppressor is placed between the screen and the plate. 

THE PENTODE. To prevent ill effects of secondary emission we shall add still another element to our 
tube, as pictured by Fig. 4. This element consists of a spiral of wire between whose turns the spacing is 
greater than for either the grid or the screen. This new element is called a suppressor grid, or simply a 
suppressor. 

When a plate is placed around the outside of the suppressor the completed tube will have five active 
elements; cathode, grid, screen, suppressor, and plate. A five-element tube is called a pentode. The posi-
tion of the suppressor in relation to other elements is shown by Fig. 11-5. In some pentodes the suppressor 
is internally connected to the cathode. In others there is an extra base pin for the suppressor, which then 
may be connected at the socket lugs to the cathode, to chassis ground, or to any other point required by 
circuit design. 

Whatever may be the connection of the suppressor, this element is maintained highly negative with ref-
erence to the plate. Secondary electrons emitted from the plate encounter the electric field around the ne-
gative suppressor before they can reach the screen, and these electrons are repelled back to the plate. 
Some electrons emitted from the cathode will enter the screen to form screen current. But most of them will 
be traveling so fast as they reach the screen that they go right on through both screen and suppressor to 
reach the plate. None of these electrons can get from the plate back to the screen because, on the side of 
the screen which is toward the plate,the positive attractive force of the screen is nullified by the negative 
charge of the suppressor. Even though the plate becomes less positive than the screen, the negative sup-
pressor still prevents secondary electrons from passing from plate to screen. 

The tube to which we have added a screen and a suppressor is completed by putting on the plate, as in 
Fig. 6. The plate of this particular tube consists of two sections, one of which is shown by the left-hand 
picture. At the right both plates are in place and all elements are held in rigid alignment by side supports. 

PENTODE PERFORMANCE. The tube whose structure has been shown by Figs. 1, 2, 4, and 6 is a 
6AC7 voltage amplifier pentode designed especially for television reception. This tube formerly was used 
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Fig. 1 1-6. The pentode is completed by adding the plate and supports for the elements. 

in tuners, i-f amplifiers, and video amplifiers, 'but now is found most often in video amplifiers. Operating 
characteristics of the miniature pentode type 6A116 are quite similar to those of the 6AC7. 

To watch the performance of our pentode we shall measure voltages and currents for all elements simul-
taneously, using eight meters connected as shown by Fig. 7. Regular circuit connections to tube elements 
are in heavy lines, while added meter connections are in light lines, indicating that they would not be 
present for normal operation. 

To allow making pictures of the performance it is necessary to use direct voltages. D-C input voltage 
will be varied from positive to negative through zero. An alternating signal voltage would vary in the same 
way, but would change too fast for the meters to indicate or for the camera to catch. 

The 6AC7 tube is in one of three tube sockets at the top of the test panel shown by Fig. 8. Two other 
sockets accomodate 7-pin and 9-pin miniature tubes. Back of the panel are terminals which allow connect-
ing the socket lugs to circuits for plate, screen, grid, and cathode, also to the power supply. 
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Fig. 11-7. How the meters are connected to the tube circuits for measuring performance of the pentode, 
shown by its symbol at the center. 
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One of the signal input terminals, at the upper left, connects directly to the grid of the tube, while the 
other connects through the bias source and a meter to the cathode. Input voltage is measured by the zero-
center Input meter, reading from 1 volt negative through zero to 1 volt positive. 

Bias voltage is measured by the Bias Volts meter, connected across the source of negative bias. Since 
bias always is negative, this meter reads from zero at the right-hand end of its scale to 10 volts negative 
at the left. The positive or negative signal input voltage combines with the negative bias voltage to make 
the actual grid voltage. This grid voltage is measured by the Grid Volts meter connected between grid apd 
cathode of the tube. This meter reads from zero at the right to 10 volts negative at the left-hand end of its 
scale. 

Fig. 11-8. The first seep in measuring the effect of grid voltage on tube currents. 
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Plate current is measured by the 0-15 milliampere Plate Current meter in series with the tube plate. In 
series between the plate and d-c voltage supply is provision for a load resistance between the two termi-
nals immediately above the Output meter. This meter, reading 0-150 volts, indicates whatever voltage is 
across the load. 

Plate voltage is measured by a 0-150 volt Plate Volts meter connected between plate and cathode of 
the tube. Screen voltage is measured by the 047)0 volt Sc-een Volts meter connected between screen and 
cathode of the tube. 

Total cathode current is measured by the 0-15 milliampere Cathode Current meter in series with the tube 
cathode. Cathode current is the sum of plate and screen c:urrents, so to determine screen current we need 
only subtract plate current readings from those of total cathode current. 

Fig. 11-9. Making the grid negative decreases electron emission and all tube currents. 
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GRID VOLTAGE EFFECTS. For the first test, Fig. 8, there is zero input or zero signal voltage and 
there is zero grid bias,as indicated by the respective meters. Consequently the grid is at zero voltage with 
respect to the cathode, as indicated by the Grid Volts meter. There is no load resistance in the plate cir-
cuit. The signal output terminals, where such a resistance would be connected, are joined together by a 
piece of wire. The Output meter is short circuited by this wire, and reads zero volts. 

Now, still with no signal voltage and without altering the voltages on plate and screen, we make the 
bias 1 volt negative, then 2 volts negative, as in Figs. 9 and 10. With no signal, the grid voltage is the 
same as the bias voltage. Observe how the tube currents are changed by altering the grid voltage with 
everything else unchanged. In the following summary and in others for later tests the voltages and currents 
are designated by these letter symbols. 

Signal input volts Esig Output volts Fo Plate current 

Grid voltage Eg Plate voltage Ep Cathode current 

Bias voltage Ec Screen voltage Escr Screen current 

Grid Voltage Effect On Plate And Screen Currents 

lk 

Iscr 

Figure Esig Ec Eg Ep Escr lk Ip [set- Load 

8 0 0 0 100 50 10.1 7.9 2.2 0 

9 0 -1.0 -1.0 100 50 1.6 1.1 os O 

10 0 -2.0 -2.0 100 50 0 0 0 0 

Making the grid more negative decreases the plate current, and making the grid less negative increases 
the plate current, just as in the case of a triode. Grid voltage controls total electron emission. Consequent-
ly, with the grid more negative there is less cathode current and less screen current, as well as less plate 
current. 

If the grid is made sufficiently negative it stops all cathode current, as in Fig. 10. Then there is zero 
plate current, or there is the condition of plate current cutoff. With 100 volts on the plate and 50 volts on 
the screen of the particular tube being tested, plate current cutoff occurs with the grjd 1.8 volts negative 
and, of course, with any grid voltages still more negative. 

PLATE VOLTAGE EFFECTS. To observe the effects of plate voltage on currents in a pentode we 
shall go back to Fig. 8, where there is 100 volts on the plate and 50 volts on the screen, then alter the 
plate voltage with no change of screen voltage. 
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Fig. 11-10. With the grid still more negative there is further reduction of all currents. 

Plate Voltage Effect On Plate And Screen Currents 

Figure Esig Ec Eg Ep Escr Ik Ip Iscr 

8 0 0 0 100 50 10.1 7.9 2.2 

11 0 0 0 50 50 10.2 7.1 3.1 

12 0 0 0 150 50 10.2 8.0 2.2 

Load 

o 

o 
o 
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The tests illustrated by Figs. 8, 11, and 12 bring out this rather peculiar property of pentodes; changes 
of plate voltage in excess of some certain value have almost negligible effect on plate current. When we 
reduce the plate voltage to half its earlier value, to 50 volts in Fig. 11, there is some reduction of plate 
current, but not nearly so much as in a triode when its plate voltage is similarly reduced. When we in-
crease the plate voltage on the pentode by 50 per cent, or to 150 volts in Fig. 12, the plate current in-
creases by only 0.1 ma. 

When plate voltage is dropped to the same value as screen voltage, Fig. 11, there is a decided increase 
of screen current, from 2.2 to 3.1 ma, while there is a drop of plate current. Increasing the plate voltage, 
Fig. 12, has no noticeable effect on screen current. 

Fig. 11-11. Making the plate less positive causes only a slight reduction of plate current. 
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SCREEN VOLTAGE EFFECTS. Once again we shall go back to the condaions of Fig. 8 as a starting 
point, then change the screen voltage while holding everything else constant. The results are shown by 
Figs. 13 and 14, as follows. 

Screen Voltage Effect On Plate And Screen Currents 

Figure Esig — ic Eg Ep Escr Ik 1p 

8 0 0 0 100 50 10.1 7.9 

13 0 0 0 100 30 6.0 4.6 

14 0 0 0 100 70 14.8 11.3 

leer 

2.2 

1.4 

3.5 

Load 

o 
o 
O 

Fig. 11-12. A more positive plate causes hardly any increase of plate current. 
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Fig. 11-13. Lowering the screen voltage drops the plate current. 

En these tests we discover the factor which has real control over plate current in a pentode, it is screen 
voltage. Dropping the screen voltage by only 20 volts,from 50 volts in Fig. 8 to 30 volts in Fig. 13, brings 
plate current down to little more than half its former value. When we increase the screen voltage from 50 
in Fig. 8 to 70 in Fig. 14, plate current goes up by almost 50 per cent. This is something'you should not 
forget when working on service jobs; pentode plate current is determined almost entirely byscreen voltage, 
and is little affected by plate voltage. 

As we should expect, varying the screen voltage has a decided effect on screen current. For low values 
of screen voltage the screen current is just about proportional to screen voltage,but for higher screen volt-
ages the screen current increases at a greater rate than screen voltage. 
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Fig. 11-14 Plate current is controlled &most wholly by screen voltage. 

PENTODE PLATE CHARACTERISTICS. Everything which we dave seen happen in Figs. 8 through 14 
may be shown more completely and for wider ranges of operating conditions by a family of plate character-
istics for whatever tube is under consideration. Pentode plate characteristics appear generally similar in 
form for all types of tubes. We have been working with a voltage amplifier pentode. Characteristics for a 
power amplifier pentode are shown by Fig. 15. Except that the power tube will safely carry greater cur-
rents, and possibly may be worked at higher voltages, the characteristics for our 6AC7 would look much 
the same. 

Fig. 15 has curves for various grid voltages, from zero to 6 volts negative. You can see how plate cur-
rent decreases from one curve to another as the grid is ruade more negative. It is also apparent, that above 
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some certain plate voltage on,each curve, plate voltage changes have very little effect on plate current. 
Any family of plate characteristics, such as the one illustrated, applies for only one certain screen volt-
age, usually for a screen voltage commonly employed in practice. Screen voltage has such great effect on 
pentode performance that a different family of plate characteristics is needed for each screen voltage. On 
some graphs of plate characteristics there are additional curves showing screen currents. 

MUTUAL CHARACTERISTICS. Another way of showing relations between grid voltage and plate cur-
rent for some particular voltages on plate and screen is illustrated by Fig. 16. Here we have three curves 
called mutual characteristics. The upper curve applies with no load resistance in the plate circuit. The 
middle curve shows performance with a 7500-ohm load, and the lower one with a 10,000-ohm plate load. 
The mutual characteristics of Fig. 16 are not drawn for the 6AC7 pentode with which we have been work-
ing, but they illustrate in a general way the form of such curves for any pentode working at certain plate 
and screen voltages. 
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Fig. 11-15. Plate characteristics for a pentode power amplifier. 
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Fig. 11-16. Mutual characteristics of a pentde operated with different loads. 

A mutual characteristic sometimes is used to illustrate relations between signal voltage on the grid and 
current in the plate circuit. Fig. 17 is an example. Alternating signal voltage applied to the grid is shown 
below the graph. Zero signal voltage is on the line corresponding to the negative grid bias, here 3 volts. 
The signal swings positive and negative from the bias valLe, making the grid less negative and more nega-
tive during each cycle. 

Plate current for each value of grid voltage is spotted along the characteristic curve and lines are car-
ried out toward the right for drawing a representation of the alternating plate current which results from the 
alternating grid voltage. Although positive and negative swings of grid voltage are equal, the plate current 
swings to a greater positive value than negative value. This is because negative grid swings bring opera-
tion down onto the more sharply curved portion of the characteristic. This could be avoided by using a less 
negative bias to bring the entire operation onto a nearly st-aight portion of the curve. 
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Fig. 11-17. Using a mutual characteristic to show the transfer of a signal from the grid to t te 
circuit. 

PENTODE AIIPLIFICATION. Now we shall go back to the 6AC7 pentode and watch it amplify a sign, 
voltage. In Fig. 18 the input meter shows a signal voltage 0.2 volt positive. Bias is about 1.0 volt nega-
tive, and grid voltage is the difference between bias and signal, about 0.8 volt negative. For amplification 
we must have a plate load resistance, so a resistor of 40,000 ohms has been connected between the ter-
minals above the Output meter. In Fig. 19 the input signal has swung to 0.2 volt negative, bias is 1.0 volt 
negative, and grid voltage is the sum of negative bias and signal voltages, or is 1.2 volts negative. Here 

are the comparative readings. 
.4mplification With 40,000-ohm Load 

Figure Esig Ec Eg Ep Eo Escr Ip 

18 +0.2 -1.0 -0.8 90 150 75 4.0 

19 -0.2 -1.0 - 1.2 135 105 75 2.4 

Change 0.4 0.4 45 45 

Voltage gain. 1.5 ( Eo) 4- 0.4 (Esig) = 112.5 

A 
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Total change of signal voltage is 0.4 volt, from 0.2 volt positive to 0.2 volt negative. Total change of 
output voltage (Eo) across the load resistor is shown by the Output meter to be 45 volts, from 150 volts 
down to 105 volts. Dividing the change of output voltage by the change of input voltage shows the voltage 
gain to be 112.5 times for the particular operating conditions here used. 

Voltage from the d-c power supply must equal the sum of voltage drop in the tube, which is plate volt-
age, and voltage drop in the load resistor, which is output voltage. Power supply voltage was held at 240 
volts, as you will find by adding the plate and output voltages during each test. 

Fig. 11-18. The first step in amplifying a signal of 0.2 volt at the grid. 
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Fig. 11-19. Here the signal voltage has swung to 0.2 volt negative. 

When the grid is made more negative the plate voltage increases or becomes more positive, changing 
from 90 to 135 volts. This illustrates the inversion of voltage changes between grid and plate of any tube; 
the plate goes positive when the grid goes negative, and vice versa. 

With constant voltage from the d-c power supply, load voltage must increase when plate voltage drops, 
and load voltage must drop when plate voltage rises. 

Doubtless you have noticed that the listed values of plate current flowing in a 40,000-ohm load resistor 
would not cause the voltage drops indicated by the Output meter. This is because the meters in the plate 
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(L) 

Fig. 11-20. With less load resistance there s less voltage across the load. 

circuit are taking small currents to move their pointers, in addition to the true tube cuirent. This effect 
would not exist were the meters removed, as for normal operation, and, anyway, it is too slight to affect 
the truth of conclusions being drawn from the various tests. 

Now let's check the effect on amplification of changing the load resistance. In Figs. 20 and 21 the load 
resistor has been changed to one of about 7700 ohms. The input, bias, and grid voltages are the same as 
in Figs. 18 and 19, and screen voltage is still 75 volts. Caeck these comparative readings against the 
previous ones. 
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Amplification With 7,700-ohm Load 

Figure Esig Ec Eg Ep Eo Escr Ip 

20 +0.2 -1.0 -0.8 144 27 75 4.0 

21 -02 -1.0 -1.2 151 20 75 2.3 

Change 0.4 0.4 7 7 

Voltage gain. 7 (Ep) 0.4 (Esig) = 17.5 

Fig. 11-21. The change of output voltage is small with the small load resistance. 
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This brings out the all-important fact that voltage gain depends to a large extent on load resistance in 
the plate circuit. Reducing the load to about 20 per cent of its former value has dropped the gain to about 
15 per cent of its former value. Plate current has changec by approximately the sanie amount with both 
load resistances. This shows that transconductance of the tube has undergone little change, since trans-
conductance 'is measured as microamperes of plate current change per volt of grid voltage change. 

With any given transconductance, the greater gain is always realized with a greater plate load resis-
tance. An optimum value of resistance is reached when the plate voltage for a given tube is correct, and 
the plate supply has not been increased above normal for the particular receiver. 

It would not be possible economically to obtain the calculated or the theoretical gain of a pentode tube, 
because of the excessive voltage drop across the plate load resistance. The internal tube resistance of a 
6AC7, is 1 megolim when its plate voltage is 300 volts. To obtain the theoretical gain, the plate load resis-
tance must be greater than the internal tube resistance. Witn a plate load resistance larger than 1 megohm, 
the plate supply voltage required would be comparable to that of a small transmitter. 

The decreased working gain is not a serious loss in obaining the required overall gain of a receiver. 
Two stages of amplification using type 6AC7 tubes, and will constants as shown in Figs. 20 and 21 would 
give an overall gain of 17.5 multiplied by 17.5 or a total gain of approximately 306. 

If two tubes having different transconductances are operated with equal plate load resistances, there 
will be greater gain from the tube of greater transconductance. Neither high transconductance nor high load 
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Fig. 11-22. Mutual characteristics for a remote cutoff pentode (broken line) and for a sharp cutoff pentode 
(full line). 
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resistance will, by themselves, give high voltage gain. There must be both high transconductance and high 
load resistance; gain is approximately proportional to their product. 

SHARP AND REMOTE CUTOFFS. Pentodes designed for voltage amplification are of two general types, 
sharp cutoff and remote cutoff. The difference is illustrated by the two mutual characteristic curves of 
Fig. 11-22. The solid line curve is a mutual characteristic for a sharp cutoff pentode, and the broken line 
curve is a mutual characteristic for a remote cutoff pentode. Both curves were taken with 250 plate volts 
and 100 screen volts. 

As grid voltage is made more negative the plate current of the sharp cutoff pentode drops rapidly toward 
zero and, for the tube illustrated, there is plate current cutoff when the grid becomes about 4 volts nega-
tive. Plate current of the remote cutoff tube drops rapidly as the grid is made negative through the first 
few volts, but then drops more and more slowly. Plate current cutoff does not occur until the grid is about 
27 volts negative. 

The remote cutoff feature is obtained, as shown in Fig. 11-23, by spacing the wires of the grid farther 
apart at the middle than toward top and bottom. When the grid is only a few volts negative the negative 

Fig. 11-23. Turns of the remote cutoff grid are widely spaced near the center. 
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field around the grid wires can shut off all electron flow only where these wires are closetogether, at top 
and bottom. The negative field cannot extend all the way between the widely spaced center turns until the 
grid is made highly negative, and some electron flow will continue through the center of the grid until this 
condition is reached. Electron flow or plate current drops rapidly as the top and bottom parts of the grid 
cut off the flow through them, but only slowly as increasing negative field strength gradually cuts off flow 
through the widely spaced center turns. 

REAM POWER TUBES. In a modification of the pentode which is called a beam power tube there is no 
suppressor, yet secondary electrons are forced back to the plate and kept from reaching the screen. Before 
explaining the action of such a tube, let's look at its construction. The elements are shown by Fig. 11-24. 
Inside there is the cathode, and around the cathode are first the grid and then the screen, both formed of 
the usual spiral wires. Around the outside is the plate, but between screen and plate, where a pentode 
suppressor would be located,are two "beam forming electrodes". These electrodes are not spirals of wire, 

they are of continuous metal sheets. 

At the left in Fig. 11-25 is a beam power tube from whicl the plate has been removed. You can see the 

CATHODE 

BEAM 

FORMING 

ELECTRODES 

Fig. 11-24. The elements of e beam power tube. 
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Fig. 11-25. Both beam forming electrodes are shown at the left. One has been removed in the picture at 
the right. 

screen, grid, and cathode through the center opening between the two beam forming electrodes on either 
side. In the picture at the right one of the beam electrodes has been removed, showing that the screen and 
grid, with their supports, are much the same as in other tubes. The cathode is large, because all beam 
tubes are power types capable of handling large plate currents and large swings of plate current. 

The beam electrodes are internally connected to the cathode, which places them at a potential highly 
negative with reference to the plate and screen. Negative electrons are repelled by the negative beam elec-
trodes, forcing the electron flow between cathode and plate to travel in two concentrated or confined beams 
through the spaces between the opposite electrodes. 

Screen voltage is made about the same as plate voltage, when there is no signal. When electrons which 
have been drawn from the cathode through the screen reach the space between screen and plate the elec-
trons slow down because there isn't enough difference between plate and screen voltages to maintain the 
speed of these electrons. These slower traveling electrons accumulate in great density at a point be-
tween the screen and the plate, just as people who have been racing along would jam together if they all 
had to slow down at one spot. 
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The accumulation of negative electrons is a negative charge at the same place where a suppressor would 
be in an ordinary pentode. This charge repels secondary electrons trying to go back from plate to screen, 
and we have suppression of secondary emission effect. 

Confining the entire electron flow from cathode to plate into two beams makes this flow quite dense all 
the way. The tendency would be for many electrons to enter the highly positive screen and form an unduly 
large screen cuitent. This is prevented in a manner clearly evident from the right-hand picture of Fig. 25. 
The negative grid and the positive screen have the same number of turns, equally spaced, and with each 
screen turn directly outside of a grid turn. Electrons from the cathode are repelled by the turns of the nega-
tive grid, and thus are diverted away from the turns of the screen. Each negative grid wire forms a sort of 
electron shadow, within which is the adjacent screen wire. 

PENTODES OPERATED AS TRIODES. A pentode tube may be operated as a triode type by connecting 
the screen and plate of the pentode together at the socket terminals. This is done with all types of pen-
todes; with sharp or remote cutoff voltage amplifiers, also with itower amplifiers. With the triode connec-
tion the plate resistance is much less than with the pentode zonnection. Plate voltage and grid bias 
usually are chosen to allow about the same plate current with either connection. Transconductance ordina-
rily is about the same with the tube working either way. When a pentode is connected as a triode its plate 
characteristics are of the same general form as those for any other triode. 

WHERE TUBE TYPES ARE USED. We have examined the performance of diodes, triodes, tetrodes, pen-
todes, and beam power tubes. All except the tetrode are to be found in almost any television receiver. The 
tetrode long ago was replaced by the pentode. 

In Fig. 11-26 are shown symbols for eighteen tubes, exclusive of the picture tube, as found in a fairly 
typical television receiver. Beginning at the antenna we have the following types. First is the r-f ampli-
fier, a twin triode. Undesirable feedback that could occur in R. F. amplifier triodes working at high fre-
quencies is avoided here by special circuit design. 

Next cornes another twin triode, with one section used as the r-f oscillator and the other section used 
as the mixer tube. Note that here we have two separate cathodes, because the two sections perform func-
tions which must be kept distinct. In the r-f amplifier there is only a single cathode for the two sections, 
with only the grids and plates separate in each section. 

Following the mixer come three voltage amplifying pentodes acting as i-f amplifiers for video and sound 
signals. Following the third i-f amplifier is a twin diode with one section used as a video detector. In this 
particular receiver the other section is unused, although it might be used for an automatic gain control 
tube, for a restorer, or for some other purpose. Following the video detector is a pentode video amplifier. 

In the sound section we have first a pentode i-f amplifier. Then comes a single tube containing two 
separate diodes which are used as the sound detector or sound demodulator, rod also a triode which is 
used as a voltage amplifier for audio frequencies. Next we have a beam power tube delivering its audio 
signal to the speaker. 

Between the video amplifier and the sweep section of the receiver is a pentode used as a sync separator. 
Signals from this separator go to the horizontal and vertical sweep oscillators, both of which are twin 
triodes with separate cathodes. The horizontal sweep oscillator operates into a beam power tube which 

A 
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Fig. 11-26. The various types of tubes used in the circuits of a typical television receiver. 

is the horizontal sweep amplifier. The verticai sweep oscillator operates into another twin triode used as 
the vertical sweep amplifier. 

At the lower left in Fig. 11-26 are the power supplies. In the low-voltage supply we have a rectifier 
consisting of a twin diode with two plates and a single filament-cathode. In the high-voltage power supply 
there is a beam power tube used as a high-frequency oscillator, also a single diode with filament-heater 
which is the high-voltage rectifier. 
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CAPACITORS FOR TELEVISION AND RADIO 

IT IS TIME TO STUDY CAPACITORS 

We have just finished learning a good deal about electronic tubes. Among other things we have learned 
how a tube operates as an amplifier, how a signal voltage applied to the grid reappears in the plate circuit 
much strengthened. Now it is in order to learn how signals are brought to the grid, and how amplified sig-
nals are taken from the plate circuit and carried along toward the picture tube or speaker. 

Were we to trace the paths through which signal voltages come to grid circuits and leave plate circuits, 
most of these paths would be found to include resistors. Many would include inductors or coils. But every 
single tube circuit would include capacitors— with which we are not yet familiar. Capacitors do an astonish-
ing variety of jobs in modern television and radio receivers. It is difficult to explain the workings of prac-
tical circuits without having to talk about capacitors and how they contribute to performance. 

Capacitors help select the channel in which reception is desired. Capacitors carry signals from one tube 
to another. Capacitors prevent waste of signal strength. Capacitors keep signal voltages from going where 
they should not go. Capacitors maintain correct grid biases. We might go much further with this recitation 
of what capacitors do, but would only add to the reasons why the time has come to get acquainted with 
these remarkable devices. 

CAPACITORS FOR TELEVISION AND RADIO 

A count of the number of parts of each principal kind in a popular model of television set shows seven-
teen tubes, forty-three inductors or coils, eighty-five resistors, and seventy-six capacitors. From this it is 
easy to see why we cannot progress much further without an understanding of capacitors. Inductors and 
coils may come later, for there are many circuits without these parts, but we must learn about capacitors 
right now. 

Fig. 12-1 is a circuit diagram for the tuner of a television receiver. There is a pentode r-f amplifier tube, 
a twin triode used as r-f oscillator and mixer, and all the connections from the antenna terminals at the 
upper left through to the mixer output line at the upper right. In this tuner section are two tubes, seven in-
ductors or coils, seven resistors, and twelve capacitors. 

The capacitors are shown by their usual symbol, a straight line and a curved line with a space between 
them. These are the symbols marked with letters in the diagram. When an arrow is drawn across the two 
lines of the symbol it indicates that the capacitor is adjustable, that its value or electrical size may be 
altered by turning a shaft or screw. A symbol with no arrow indicates a fixed capacitrd, one whose value 
cannot be altered. 
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Fig. 12-1. The parts of a television tuner, as shown by symbols. 

Fig. 12-2 is a picture of an adjustable capacitor such as used for tuning of superheterodyne sound receiv-
ers. In this unit there really are two capacitors adjusted simultaneously by the one shaft. One capacitor is 
for the r-f amplifier, the other is for the r-f oscillator. Fig. 12-3 shows several fixed capacitors of different 
sizes. Circuit connections are made to the wire "pigtails" which extend out from opposite ends of the 
capacitors. 

The capacitor symbols are appropriate, because a capacitor consists of nothing more than two conductors, 
or two sets of conductors, separated by insulation. The conductors of a capacitor are called its plates. 
The insulation used to separate the plates is called the dielectric of the capacitor. Dielectrics of capac-
itors used in radio and television may be air, paper, mica, ceramic compounds, or thin films of oxides. 

As we shall learn shortly, the usefulness of a capacitor is due to the fact that its plates may be charged 
and discharged. To one plate of a capacitor we may add electrons and give this plate a negative charge, at 
the same time taking away from the other plate an equal quantity of electrons to give the other plate a pos-
itive charge. The dielectric between the plates prevents electrons from flowing from plate to plate within 
the capacitor, and thus keeps the charges separated. The plates may be charged and discharged only through 
external connections. 
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Insulating materials used for dielectrics are no different from the same materials when used as insulation 
for confining electron flow to certain paths. The materials are called dielectrics when used between the 
plates of a capacitor, or when we are considering the materials as to their behavior when subjected to 
electrostatic fields such as exist between opposite charges in a capacitor and also at many other places 
in radio apparatus. The name dielectric merely tells us how or where the insulating material is used, or 
indicates what properties of the material are important in a particular application. 

The devices which we call capacitors formerly were called condensers, and still are called condensers 
by many people. The naine condenser was originally adopted because two plates separated by a dielectric 
seem to condense or collect electricity within the device. But there are many other kinds of condensers; 
some for steam and some for other vapors, including condensers used in refrigerators, and there are syn-
chronous electric condensers which are a type of electric motor. If we use the name condenser as meaning 
a capacitor we really should say electrostatic condenser to distinguish it from all the other kinds. It is 
easier to use the name capacitor, which has only one meaning. 

KINDS OF CAPACITORS. Capacitors may be classified or described in any of several ways. One class-
ification is based on whether the capacitor is fixed or adjustable. Another classification is based on the 
kind of dielectric in the capacitor. Fig. 12-2 shows an adjustable air-dielectric capacitor. Fig. 12-3 shows 

sHAr T 

Fig. 12-2. A dual or tandem tuning capacitor for a superheterodyne sound receiver. 
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Fig. 12-3. Fixed capacitors made with paper dielectric. 

fixed paper capacitors, in which the dielectric is thin sheets of paper. We may have also mica capacitors 
with mica dielectric, ceramic capacitors with ceramic compositions as dielectric, and electrolytic capacitors 
with oxide films as their dielectric. 

Still another method of classification is basedon the particular purposes served by the capacitors. Accord-
ing to their uses, the capacitors of Fig. 12-1 would be described as follows. 

A, E and G. Adjustable trimmer capacitors which tune the r-f amplifier grid and plate circuits, also the 
mixer grid circuit, for frequencies of the channel to be received. All these tuning capac-
itors are service adjustments. 

I, K and L. These tune the r-f oscillator circuit to produce the correct intermediate frequency for the 
i-f amplifier which follows the tuner. Unit lisa fixed capacitor, K is a service adjustment, 
and L is a "fine tuning" adjustment used by the operator of the receiver. 

B. A bypass capacitor to complete a path for high-frequency signal voltages from grid to cath-
ode of the r-f amplifier without forcing these voltages to act through other parts of the 
receiver. 

H. A blocking capacitor to prevent the high positive voltage in the oscillator plate circuit 
from reaching the oscillator grid. 

F. A coupling and blocking capacitor to carry signal voltage from the plate of the r-f amplifier 
to the grid of the mixer while preventing the positive voltage at the plate from reaching 
the grid. 

D. A decoupling capacitor which lessen's signal feedback through connections running from 
the same power supply to more than one tube. 
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C and J. Decoupling capacitors which prevent signal transfer from tube to tube through heater con-
nections. 

Evidently a capacitor is capable of doing many different things. In the preceding list are capacitors for 
tuning (A-E-G-I-K-L), others for bypassing a signal around parts in which it should not flow (B), for block-
ing a positive voltage so that it does not reach a negative grid (F-H), for coupling a signal from one circuit 
into another (F), and for decoupling to prevent signal feedback from one circuit to another (C-D-J). Even 
this imposing list does not include all the uses for capacitors in radio and television. Later we shall in-
vestigate highly important filter capacitors which help separate one frequency from others, and other capac-
itors for such special purposes as padding and peaking. 

The capacitors shown in a wiring diagram may be represented by any of a wide variety of symbols. Across 
the top of Fig. 12-4 are symbols for fixed capacitors. The one most often used in radio and television 
circuit diagrams is at the left. If a capacitor is of such construction that one side is best adapted for con-
nection to ground, and if this capacitor actually is connected to ground, the curved line is supposed to in-
dicate the grounded side. Over at the right in the top row of symbols are represented multiple capacitors 
having a single plate for a charge of one polarity and more than one plate for opposite charges. 

The lower row of symbols represent adjustable capacitors. Always there is an arrow. If the arrow is 
centered on one of the plates, that is the movable plate of the capacitor. At the right-hand end of the lower 
row of symbols is one for a capacitor with a single movable plate and two fixed plates. 

The two plates of a capacitor may be of various shapes and sizes. In the adjustable capacitor of Fig. 12-2 
there are sets or groups of movable plates which are called rotor plates because they rotate with the shaft 

Fig. 12-4. Symbols for fixed capacitors (top row) and for adjustable capacitors (bottom row). 
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Fig. 12-5. The foil plates and paper dielectric of one kind of fixed capacitor. 

through part of a turn. There are sets of stationary plates which are called stator plates. All the rotor plates 
are joined together to form one electrically continuous conductor, and all the stator plates are joined together 
to form the other continuous conductor. In the construction pictured, the rotors and stators alternate; first a 
rotor, then a stator, another rotor, and so on. Between each rotor or stator and plates of the opposite kind 
on both sides is air which acts as the dielectric in this capacitor. 

Fig. 12-5 shows the internal construction of a fixed capacitor which has thin aluminum foil for plates and 
oiled or waxed paper for the dielectric. The capacitor has been unrolled to show how it is built. Extending 
out toward the extreme left is one sheet of paper dielectric. Then comes one of the metal foil plates, fol-
lowed by two more layers of dielectric paper, and finally the second metal foil plate. When the foil and 
paper are rolled tightly together the foil plates are everywhere separated by the dielectric paper. A terminal, 
orpigtail connection, is provided for each foil plate, and the whole arrangement is protected with some form 

of insulating cover which often is a wrapping of heavy paper. 

Later we shall look into still other kinds of capacitor construction, but always there will be two electric-
ally continuous conductors, the plates, separated everywhere by the dielectric. Consequently, for discussing 
the behavior of capacitors we may represent any and all of them by two conductor plates separated by a di-
electric. 

CHARGING AND DISCHARGING. At the left in Fig. 12-6 a capacitor is represented by two plates with a 
space between them. In series with the capacitor are a battery, a switch, and a meter of the zero-center 
type. With the switch open, as shown by full lines, the meter pointer stands at zero because there is no 
electron flow. In the instant during which you close the switch, to its broken-line position, the pointer of 
the meter will swing momentarily away from zero and then immediately return to its zero position. There has 
been a momentary electron flow, in spite of the fact that the capacitor plates are separated by insulation 
(the dielectric) through which no electrons can flow. 
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What happens is this: As soon as the switch was closed, free electrons left the negative terminal of the 
battery, passed through the switch and meter, and entered the left-hand plate of the capacitor. During the 
same time an equal number of free electrons flowed out of the right-hand plate of the capacitor and entered 
the positive terminal of the battery. 

The left-hand plate of the capacitor acquired a surplus of electrons and became negatively charged. The 
right-hand plate of the capacitor lost electrons and became positively charged. Electrons flowed into and 
out of the capacitor plates, but no electrons flowed through the insulating dielectric between the plates 
and no electrons flowed all the way through the capacitor. 

We know that there is a difference of potential between positive and negative electric charges. In only 
the smallest fraction of a second after closing of the switch, the charges on the two capacitor plates became 
large enough to have a potential difference equal to that of the battery. As you can see by the positive and 
negative signs on the capacitor and battery, the potential of the capacitor opposes that of the battery — the 
two are connected positive to positive and negative to negative. With the two equal potential differences 
opposing each other there remains no force to continue the flow of electrons, the flow stops, and the pointer 
of the meter returns to zero. 

By connecting the battery to the plates of the capacitor we charged the capacitor. The plate connected 
to the negative terminal of the battery acquired a negative charge, and the one connected to the positive 
terminal of the battery acquired a positive charge. Potential difference due to charges on the capacitor 
plates became equal to the potential difference or the terminal voltage of the battery. 

If the switch is opened after the capacitor is charged, the charge must remain in the capacitor or the two 
charges must remain on the two plates. The charges have to remain because electrons cannot flow through 
the insulating dielectric, and they cannot flow through the circuit connections which are open at the switch. 

While the switch is opened, and the capacitor charged, we shall remove the battery and make a direct 
connection as at the right in Fig. 12-6. Upon again closing the switch there is a momentary swing of the 
meter pointer. But now the pointer moves away from zero in a direction the opposite to that in which it 
moved during charging of the capacitor. Surplus electrons from the negatively charged plate of the capacitor 
have flowed through the meter and the closed switch over into the positively charged plate. The plate which 
was negative loses its surplus of electrons, while the one which was positive regains its lost electrons. 
Both plates become neutral, and the capacitor is discharged. 

A 
Fig. 12-6. Directions of electron flow are opposite during charge and discharge. 
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Fig. 12-7. Charges strain the dielectric to cause displacement of electrons and nucleus in atoms 

WHAT HAPPENS IN THE DIELECTRIC. While the capacitor plates retain their charges there are lines 
of electric force or electrostatic force extending in all directions around the plates, but being most intense 
in the space between the plates. In this space is a relatively strong electric field. The space between the 
plates contains whatever substance is acting as dielectric, and so the electric field produced by charges 
on the plates is acting in the dielectric. 

In Fig. 12-7 a few of the atoms in the dielectric are represented by circles with positive signs for the 
central positive nucleus and negative signs for a few of the electrons in each atom. All the negative elec-
trons in all the atoms of the dielectric are repelled by the negative charge of one capacitor plate while 
being attracted by the positive charge of the opposite plate. Free electrons will shift away from the neg-
ative plate and toward the positive plate. But in addition to this easy movement of the free electrons all 
the other electrons will undergo some slight displacement in their atoms. These latter are the bound elec-
trons, which do not leave their atoms but do move within the atoms. When the polarity of the capacitor plates 
is reversed, as between left and right in Fig. 12-7, all the electrons will shift in a reversed direction — 
always trying to follow the plate attraction and repulsion. 

The positive nucleus of every atom is repelled by the positive plate and attracted by the negative plate. 
Consequently, there is a slight shifting of all the nucleuses in a direction opposite to that of electron shift 
within the atoms. The atoms become strained and distorted, although they do not move away from their orig-
inal relative positions in a solid dielectric material. The slight movement of electrons within the dielectric 
may be called a displacement current, because there is movement of electrons even though they are not free 
electrons such as cause ordinary conduction currents. 

It takes work to shift the electrons and nucleuses within their atoms. If a capacitor is connected into a 
circuit having an alternating potential, the shifting back and forth will occur during every cycle. At high 
frequencies the shifting occurs so often that the necessary work produces heat in the dielectric as the 
electrical energy changes into heat energy. Incidentally, this is the principle utilized in one of the important 
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processes of industrial electronics, the process which is called dielectric heating. By means of this method 
heat is produced at the same time and uniformly throughout the whole body of any non-conducting substance. 

ANOTHER HYDRAULIC ANALOGY. In one of the earlier lessons we used a water circuit to show why 
electron flow must be the saline everywhere in a series circuit, even when the flow is alternating. In that 
water circuit we had a reciprocating water pump and some piping. Now, in another closed water circuit 
completely filled with water and containing a reciprocating pump we shall insert a hydraulic arrangement 
which well illustrates the behavior of a capacitor in an electric circuit. This new water circuit is shown 
by Fig. 12-8. 

At the top are two water chambers separated by a sheet or a diaphragm of thin, flexible rubber. The two 
water chambers correspond to the two plates of a capacitor. Water which flows into and out of the two 
chambers corresponds to electrons which flow into and out of the capacitor plates. The rubber diaphragm 
which may be stretched or strained or deformed corresponds to the dielectric of the capacitor. Down below 
is the reciprocating water pump which corresponds to a source of alternating potential and current. 

When the pump piston is pushed toward the left, at A, water is forced into the left-hand chamber. Compar-
ing the water particles with electrons, we would say that the left-hand chamber becomes negatively charged, 
for it has an excess of water particles (electrons). An equal quantity of water particles (electrons) must 
leave the opposite chamber (plate) and go to the pump (source). 

It is quite necessary to realize and remember that, so long as the water circuit is completely filled with 
water, it is impossible for water to enter one chamber without having an exactly equal quantity leave the 
opposite chamber, and no water can leave one chamber unless an equal quantity enters the opposite chamber. 

Fig. 12-8. A capacitor acts much like two water chambers with a flexible diaphragm between them. 
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CHARGING VOLTAGE 

Fig. 12-9. Increasing the plate area increases the charge. 

_ 

The real importance comes in remembering that charge and discharge must be equal in the two plates of a 
capacitor. When electrons flow into one plate from a circuit connected to the other plate through external 
conductors, just as many electrons must flow out of that other plate and into the circuit conductors. 

When the pump piston is moved toward the right, as at B, all the actions are reversed. An excess of water 
particles (electrons) is forced into the right-hand chamber (plate) which now is given a "negative" charge. 
An equal quantity of water particles (electrons) must flow out of the left-hand chamber (plate), leaving here 
a deficiency which, for electrons, is a positive charge. 

Were the pump piston moved to either end of its stroke and then released, the stretched diaphragm would 
return to its central position as water left one chamber and entered the other. Thus our water "capacitor" 
would discharge. Similarly, if a potential difference which has been maintaining charges in capacitor plates 
is removed, the capacitor will discharge through any complete conductive circuit which is between the two 
plates. 

Were the pump piston moved rapidly back and forth there would be an alternating flow of water into and 
out of the two chambers, and the diaphragm would be flexed one way and then the opposite way as the flow 
reversed. But no water would flow all the way through the water "capacitor", because that would require 
puncturing the rubber diaphragm. 

Similarly, in an electrical capacitor carrying alternating current, no current or no electrons flow all the 
way through the capacitor. Only were the potential difference applied across the plates and dielectric so 
great ' as to cause actual puncture of the insulating dielectric could there be electron flow right through the 
capacitor. With all potential differences less than that which will puncture the dielectric, the electron flow 
can be only into and out of the capacitor plates as the dielectric is strained first one way and then the other. 

From what has just been said it becomes quite plain that alternating current may flow in a circuit which 
contains a capacitor or capacitors in series. The electrons surge back and forth in all parts of the circuit, 
including the capacitor plates, and we have alternating current. It is equally plain that a capacitor will not 
permit flow of direct current through a circuit with which the capacitor is in series. Direct current means 
electron flow always in the same direction. A flow in onedirection might continue until the series capac-
itor became charged to a potential difference equal to that causing the flow, but then the flow would stop. 
It is absolutely essential that you learn to look on capacitors as permitting flow of alternating current, and 
as preventing flow of direct current other than during the instant of charging the capacitor. 

If we wish to have a greater alternating flow of water in the water circuit, and if on the pump piston there 
can be exerted only some limited amount of pressure, there are several things which may be done. For one 
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thing we might use larger water chambers. Then more water could leave and enter without distending the 
diaphragm so far and without developing so much diaphragm pressure for opposing the pump pressure. Another 
way would be to use a more flexible diaphragm, one which would stretch farther each way with a given ap-
plied pressure, and thus would allow more water to enter and leave the chambers. 

There are corresponding ways of increasing the flow of alternating current in capacitors with any given 
voltage from the source. Using larger plates or more of them corresponds to using larger water chambers. 
Using a dielectric material of greater "dielectric constant  corresponds to using a more flexible diaphragm 
between the water chambers. We shall investigate these electrical methods. 

ABILITY TO RECEIVE CHARGES. Increasing the electron flow or the rate of electron flow in a capac-
itor by using more or larger plates is not difficult to understand. If some certain charging voltage is applied 
to the pair of plates marked A in Fig. 12-9 some certain quantity of electrons will flow into one plate and 
out of the other plate. If the same charging voltage is applied at the same time to the pair of plates marked 
B, and if these plates and their dielectric are exactly like the plates and dielectric at A, the total flow of 
electrons from and to the charging source will be doubled. Adding a third pair of similar plates at C will 
allow a total charge and total electron flow three times as great as with only one pair connected to the 
charging source. 

In Fig. 12-9 we have the equivalent of three separate capacitors with one plate of each unit connected 
to one side of the charging source and with the remaining plate of each unit connected to the other side of 
the source. The same effects on electron flow could be had by doubling or trebling the size of the plates in 
a single capacitor. 

In Fig. 12-10 we have some multi-plate capacitors. At the left is the type with one positive plate and one 
negative plate, the type we have already considered. At the center is a type with a single negative plate 
in between two positive plates. Note that the addition of the one extra plate has produced one additional 
electrostatic field, because there is such a field in the space between any two charges of opposite polarity. 
Over at the right there has been added another negative plate outside one of the positive plates. This again 
increases the number of electric fields by one. The number of fields always is one less than the number of 
plates. 

The only part of the capacitor plates which counts, so far as ability to receive a charge is concerned, is 
the surface area which is on one side of a field between opposite charges. Another way of saying the same 
thing is to state that only the plate surface area in contact with the dielectric has any effect on ability to 

Fig. 12-10. Ability of a capacitor to receive a charge is affected by plate surface in contact with the 
dielectric, or on opposite sides of electric fields. 
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Fig. 12-11. Moving the plates closer together or using thinner dielectric allows the capacitor to take more 
charge. 

receive a charge. The outside of the plates, which are not in contact with the dielectric, have no effect on 
charging. 

The reason for all this becomes apparent if we look back at Fig. 12-7. The shifting of electrons in the 
atoms of the dielectric places an excess of these electrons (a negative charge) on the side of the dielectric 
which is toward the positive plate, and at the same time makes a deficiency of electrons (a positive charge) 
on the side of the dielectric toward the negative plate. 

There really is attraction between the negative charge on one side of the dielectric and the adjoining 
positive charge of one plate, and between the positive charge on the opposite side of the dielectric and the 
adjoining negative charge of the other plate. The free electrons forming the charges on the plates are "bound" 
by the opposite charges of the dielectric. Only the electrons at the surfaces of the plates are thus bound by 
the dielectric charges. No matter how thick a plate is made, without increasing its surface area in contact 
with the dielectric, no additional charge can be held by the plate. A plate 1/1000 inch thick holds just as 
much charge as one an inch thick. 

Now for another factor which affects the ability of the capacitor to receive and retain a charge, or the 
ability of the plates to receive and retain negative and positive charges which, together, are spoken of as 
the charge of the capacitor. At the left in Fig. 12-11 are the two plates of a capacitcr in series with a zero-
center current meter and a battery. The plates have taken their charges and the meter pointer has returned 
to zero. If the plates now are moved closer together, as at the right, there will be a momentary swing of the 
meter pointer in the direction which indicates charging. Merely moving the plates closer together, or de-
creasing the thickness of the dielectric, has enabled the capacitor to take an additional charge. There has 
been no change of surface area in contact with the dielectric, and no change of battery voltage, only a 
change in plate separation. 
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With all other factors unchanged, the charge that a capacitor will take is inversely proportional to the 
separation between plates or the thickness of dielectric. Half the separation enables the capacitor to take 
twice as much charge. Twice the original separation would cut the charge receiving ability in half. The 
reason is as follows. 

The less the distance between the plates, or the thinner the dielectric, the more intense is the electric 
field between the plates and in the dielectric for any given battery voltage. The stronger or more intense 
this field, the greater is the displacement of electrons in atoms of the dielectric material. This increases 
the strength of charges at the surfaces of the dielectric, and these stronger dielectric charges attractand 
repel greater quantities of free electrons in the plates, or bind greater quantities of free electrons on the 
plates. Thus the plates and the capacitor are able to receive and retain greater charges. 

Now we have two ways of altering the charge-receiving ability by changing the construction of a capacitor. 

1. The charge is increased by more plate area in contact with the dielectric. 

2. The charge is increased by less separation between plates, or by thinner dielectric. 

Fig. 12-12. Using glass instead of air as the dielectric increases the alriiit\ to receive and retain a charge. 
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There is one more thing which may be done with the construction of a capacitor to alter its ability to re-
ceive and retain a charge. This structural change may be illustrated by means of the small adjustable capac-
itor pictured at the left in Fig. 12-12. This is a type used for controlling energy feedback in some tube 
circuits. At the left there is only air acting as the dielectric between the two circular metallic plates. At 
the right there has been slipped into the space between the plates a sheet of glass to act as dielectric. The 
charge taken by the capacitor with this particular kind of glass dielectric proved to be more than four times 
as much as with air dielectric. 

If mica were to be used instead of glass the charging ability of the capacitor would be increased about 
the same as with glass; much depending on the grade or kind of mica. Ordinary paper used for the dielectric 
would allow approximate doubling of the charge. Various kinds of ceramic dielectric materials would increase 
the charge more than one hundred times as compared with that for a capacitor similar in every way except 
for having air dielectric. 

DIELECTRIC CONSTANTS. The number of times that the charging ability of a capacitor is increased by 
substituting for air dielectric some other dielectric substance, with everything else unchanged, is called 
the dielectric constant of that other substance. The dielectric constant of air usually is taken as 1.0. Only 
a few gases (hydrogen for one), and a complete vacuum, have dielectric constants less than that of air, and 
even then the difference is a very small fraction of one per cent. The accompanying table lists the dielec-
tric constants of insulating and dielectric materials commonly used in radio and television. 

5,etee 

Air 

Glass, flint 

Pyrex 

Mica 

Paper, plain 

wax impregnated 

Phenolic compounds, mica filled 

low loss 

Sàdidad 

DIELECTRIC CONSTANTS 

1.0 Polyethylene 

9.0 Polystyrene 

4.0 to 5.0 Porcelain, unglazed 

5.4 to 8.0 Quartz 

2.0 to 2.6 Steatite 

3.5 low loss 

5.0 to 6.0 Titanium dioxide 

5.3 Waxes 

.ee 

2.3 to 2.4 

2.4 to 2.8 

5.0 to 7.0 

4.7 to 5.1 

4.8 to 6.5 

4.4 

90 to 170 

1.9 to 3.2 

As shown by the table there is wide variation of dielectric constant in samples of materials of the same 
name, because there are differences in methods of manufacture and in the proportions and kinds of elementary 
substances put into various compounds or mixtures. Also, if a dielectric absorbs moisture the constant is 
increased. Charging with direct potential gives a different constant than charging with alternating potential, 
and the higher the alternating frequency the less is the effective dielectric constant. When charging is with 
direct potential the effective dielectric constant varies with the time the charging potential is continued. 
The apparent dielectric constant is altered also when other dielectric materials are close enough to be in 
the same electric field. Unless the dielectric constant of a particular batch of material is tested under lab-
oratory conditions the specified value from tables is only approximate. 
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Fig. 12-13. The quantity of charge is directly proportional to applied voltage. 

EFFECTOF APPLIED VOLTAGE. We have considered the three things which may be done in the capac-
itor itself to alter its ability to receive and retain a charge. These are: 

1. A change of plate area in contact with the dielectric. 

2. A change of plate separation, or of dielectric thickness. 

3. A change of dielectric constant. 

The only other thing which may be done to vary the charge of a capacitor has nothing to do with the 
manner in which the capacitor is constructed or adjusted. This other thing is the potential difference ap-
plied to the opposite plates of the capacitor. At the left in Fig. 12-13 the capacitor has been charged by 
closing the switch. The amount of charge, or the current producing the charge, has caused the meter pointer 

to swing about half the scale length toward the right before returning to zero with the charge completed. 

If the capacitor now is discharged, and then, as at the right, an extra battery just like the first one is 
connected into the series circuit there will be twice the original potential difference applied to the capac-
itor when the switch again is closed.The meter pointer will swing about twice as far as before. 

The quantity of charge taken by any capacitor is directly proportional to the applied difference of poten-
tial. Twice the potential difference will make the capacitor take twice as much charge, half the potential 
difference will cause only half the former charge. By using greater applied potential difference we may use 
a smaller capacitor and still have just as much charge, or we have more charge with the same capacitor. 

CAPACITANCE. The ability of a capacitor to receive and retain a charge is called capacitance. If, when 
a potential difference of one volt is applied to the plates, the capacitor takes a charge of one coulomb of 
electricity then the capacitance is one farad. The farad is the basic unit of capacitance, just as the volt is 
the basic unit of potential difference and the ampere is the basic unit of rate of electron flow. 

A 
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Fig. 12-14. High-voltage capacitors are larger than those of the same capacitance for use at lower voltage. 

If you could construct a capacitor having a capacitance of one farad you would have difficulty in finding 
aplace for your masterpiece, for if the plates were parallel and 1/16 inch apart, and the dielectric were air, 
this capacitor would cover a little less than 45,000 acres of ground when laid on its side. Needless to say 
there are- no one-farad capacitors. 

The common units of capacitance are the microfarad and micro-microfarad. One microfarad is the one-
millionth part of a farad, and one micro-microfarad is the one-millionth part of a microfarad. Microfarad is 
abbreviated as mfd or sometimes as mf. Micro-microfarad is abbreviated as mmfd or as nunf. The symbol for 
capacitance in farads is the capital letter C. When this letter C is used for smaller units of capacitance 
the unit really should be specified, but this rule is not always followed. 

When the rotor plates of the double capacitor of Fig. 12-2 are turned all the way in between the stator 
plates, for maximum area in contact with the dielectric, the capacitance of the larger section is 375 mmfd 
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and of the smaller section is 150 mmfd. Capacitance of the two-plate capacitor of Fig. 12-12 without the 
glass is 7 mmfd, and with the glass it is 34 mmfd. 

Fig. 12-14 shows two paper-dielectric capacitors, each having capacitance of 2 tad. The dielectric paper 
in the smaller unit is thick enough to withstandemaximum working voltage of 600 volts, and in the larger 
unit the dielectric is enough thicker to withstand 1500 volts. Using thicker dielectric reduces the capacitance 
per square inch of active plate surface, consequently the capacitor for higher voltage requires more plate 
surface and greater size for the same capacitance. The smaller of these two units is 2 7/8 inches high and 
the larger one is 4 1/8 inches high. 

Formerly it was general practice to specify all capacitances in microfaraus and decimal fractions of micro-
farads. Nowadays we usually specify small capacitances in micro-microfarads. Here are a few comparisons 
of equal capacitances shown in the two units. 

Mfd. .00001 .0001 .00025 .0022 .0068 .05 

MMfd. 10 100 250 2200 6800 50000 

Examination of these equal values discloses an easy way of translating from one unit to the other. To 
change the decimal fraction of mfd to the whole number of mmfd add to the fraction enough ciphers to make 
a total of six places to the right of the decimal point.Example: change .00025 into .000250. Then drop the 
decimal point and all ciphers to the left of the first numeral. To change a whole number of mmfd to a decimal 
fraction of a mfd add to the left of the whole number enough ciphers to make a total of six digits, then put 
on the decimal point at the left and drop all ciphers originally to the right-hand side of the whole number. 
Example: change 2200 into .002200, then drop the right-hand ciphers to make .0022. 

The property of a capacitor which we call capacitance sometimes is called capacity. The correct name 
would be electrostatic capacity, to distinguish this kind from all the other kinds of capacity, from that of a 
quart measure on through a long list. It is easier to say capacitance, a word whose meaning cannot be 
mistaken. 
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LESSON NO. 13 

TYPES OF CAPACITORS AND THEIR USES 

We have learned how capacitors charge and discharge, how they permit flow of alternating current while 
preventing flow of continual direct current, and we have learned about the features of a capacitor v.hich de-
termine its capacitance. All this will help in understanding the behavior of circuits which include capaci-
tors, and will help in recognizing some of the troubles which are due to faulty capacitors. But in service 
work it is necessary to understand also the particular advantages and disadvantages of the different kinds 
of capacitors, and to be acquainted with such matters as voltage ratings, tolerances, and the effects of tem-
perature change. These things we shall now proceed to discuss. 

VOLTAGE RATINGS. One of the items always mentioned in descriptions of capacitors is working volt-
age, which is the maximum continual voltage at which the capacitor is designed to operate without danger 
of breakdown. This rating nearly always is specified as a d-c (direct-current) working voltage. A d-c work-
ing voltage is also the maximum or peak working voltage. Were the same limit to be expressed as an effec-
tive alternating voltage, this a-c voltage rating would be only 0.707 times the d-c rating. This is because, 
as you will recall, the effective value of an ordinary alternating voltage is only 0.707 times the peak value 
of the alternating voltage. It is true also that the peak or maximum value of an alternating voltage is ap-
proximately 1.4 times its effective value. Consequently, the d-c working voltage of a capacitor must be 1.4 
times as great as the highest effective a-c voltage which will be applied to the capacitor. As an example, 
if a capacitor is to be subject to 200 effective alternating volts, the d-c working voltage should be no less 
than 1.4 times 200, or should be at least 280 volts. 

In addition to working voltage you may find mention also of a flash voltage or a flash test. This refers to 
momentary application of a voltage which usually is about twice as high as the rated working voltage. A 
flash voltage test is a check on possible breakdown with brief voltage surges such as may occur in some 
applications. 

TOLERANCE. The tolerance of a capacitor is the maximum difference which may exist between actual 
capacitance and the listed or rated capacitance. Tolerances are specified as percentages, plus or minus. 
For example, if the tolerance is -1- 20%, the actual capacitance may be anything from 20% less than the rated 
or listed value up to 20% more than that value. Were a capacitor rated at 1000mmfd with tolerance of± 20%, 
the actual capacitance might be anything between 800 mmfd (20% less) and 1200 mmfd (20% more). When no 
tolerance is mentioned, it usually is at leastt 20%, and for some capacitors may be as much as 50%. 

PAPER CAPACITORS. Nearly always, it is true that in radio and television receivers more of the cap-
acitors will be of the tubular paper-dielectric type having the general form pictured in Fig. 13-1 than of any 
other kind. The tubular capacitor at the top has an outer covering of cardboard or heavy paper. Down below 
is a tubular style with an outer covering of molded insulation. 

Paper tubular capacitors most often are used in capacitances ranging from 0.0001 mfd (100 mmfd) up to 
1.0 mfd. For smaller capacitances it is usual practice to use mica or ceramic capacitors, and for larger cap-
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Fig. 13 — 1 Tubular capacitors with paper dielectric. 

aeitances to use electrolytic types. Paper capacitors are available with d-c voltage ratings all the way from 
100 to 10,000 volts. Common ratings for types having wax impregnation include 100, 200, 400, 600, and 
1000 volts. 

For any voltage rating of 600 or more, paper capacitors often are of the oil filled type. These have di-
electric of oil treated paper, and the entire capacitor is enclosed within a metal container filled with in-
sulating oil. Oil filled capacitors are made in d-c voltage ratings from 600 to 10,000 volts. Capacitances 
range from 0.001 mfd ( 1000 mmfd) up to 4.0 mfd and even more. Several oil filled capacitors are shown in 
Fig. 13-2. 

The internal construction of tubular paper capacitors is shown in Fig. 13-3. In the left illustration, lay-
ers of paper dielectric extend out beyond the metal foil plates on both sides, and at both ends on the final 
roll. % hen such an assembly of papers and foils is rolled into a cylinder the strips of metal foil become, 
is effect, long coiled conductors insulated from each other throughout their entire length by the paper di-
electric. Any insulated coiled conductor will act as an inductor and will have the property called induct-
ance. Inductance is not like capacitance and, for reasons which we shall discover later, is not desirable 
in a capacitor which is to be used at high frequencies. 

l'he property of inductance in a rolled paper capacitor may be greatly reduced by using the internal con-
struction shown at the right in Fig. 13-3. One strip of metal foil is so positioned as to extend beyond the 
paper dielectric all the way along one edge, while the other strip of foil is placed so it extends beyond the 
paper all along the other edge. When the foils and papers are rolled, the two foils are everywhere separated 
from each other by paper, but one foil sticks out at one end of the capacitor, while the other foil sticks out 
at the other end. 

The rolled foil extending from each end then is 
mal connection at that end. Thus all the turns of 
long coiled conductors insulated throughout their 
leaved plates, one group formed by each of the 
inductive capacitor. 

pressed together into a fairly solid mass to form a term-
each foil are joined together, and instead of acting like 
lengths, there is the effect of two groups of short inter-
foils. The construction produces what is called a non-

A 
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Non-inductive paper capacitors in values from 0.001 mfd to 0.5 mfd sometimes are made with molded in-
sulated coverings of flat rectangular shape. In the smaller sizes some of these paper units look very much 
like mica capacitors, and may even have names which suggest the use of mica dielectric. However, the 
capacitance of these small paper-dielectric units in a housing of given dimensions usually is much greater 
than that of a mica capacitor of the same size. After handling a few such types you are not likely to be 
fooled. 

When a paper capacitor constructed as at the left in Fig. 13-3 is rolled into its final form, one end of one 
foil will be around the outside of the remainder of the capacitor elements. In circuits which require that 
either end of the capacitor be connected to ground, it is desirable that the ground connection be to the out-
side foil which then acts to shield the capacitor from effects of external electrostatic fields. The terminal 
connected to the outside foil most often is identified by circular printed bands of contrasting color or shade 
such as you can see near the ends of the capacitors in Fig. 13-4. Sometimes you will find the words " Out-
side Foil". The terminal for the outside foil of the capacitor at the bottom of Fig. 13-1 is identified by a 
ridge across that end of the molded cover and by an arrow pointing toward the outside foil terminal. 

MICA CAPACITORS. Fixed mica capacitors always are enclosed within a housing molded of some resin 
or phenolic insulating material such as Bakelite.' Some typical units are pictured by Fig. 13-5. Mica cap-
acitors of types in most common use are constructed with alternate thin sheets of mica dielectric and of 
metal foil plates. Every second metal plate sticks out on one side of the mica, and the intervening plates 
stick out on the opposite side. The extended foils are pressed together on each side, and each group is 

Fig. 13 — 2 Oil Filled paper capacitors. 
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Fig. 13 — 3 Construction of inductive rolled paper capacitor ( left) and of non-inductive type ( right). 

connected to its external terminal. Since there are no coiled conductors., mica capacitors are inherently 
non-inductive. Good quality mica capacitors have long life with minimum trouble, and generally give de-
pendable performance. 

The chief disadvantage of mica capacitors is that their cost is considerably more than that of paper and 
ceramic types in capacitances much greater than 1000 mmfd. Another possible disadvantage of micas used 
as coupling capacitors is their larger size compared with ceramics. Between the metal in any capacitor and 
the metal of a receiver chassis there is capacitance because the two metals act like plates which are sep-
arated by dielectric insulation of some kind or other. A large capacitor has more such capacitance to ground 
than has a smaller one, and since this external and uncontrolled capacitance usually is undesirable, the 
large capacitor may be less desirable. 

Capacitances of commonly used foil-mica capacitors range from 5 mmfd to 0.01 mfd. D-c voltage ratings 
most often are either 300, 400, or 500 volts. Standard tolerance, when not otherwise specified, is± 20%. 
Tolerances of 10% and 5% are available at extra cost. In types called transmitting mica capacitors the cap-
acitances extend as high as 0.1 mfd, and d-c voltage ratings may extend to 12,000 volts or even higher in 
the smaller capacitance sizes. These high-voltage micas are used in some television circuits. 

A kind of mica capacitors called silver micas are made with highest grade sheet mica coated with a com-
pound which is changed to pure silver in high-temperature furnaces during manufacture. These capacitors 
retain their original characteristics very closely for long periods of time, and they have small energy losses 
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even at very high frequencies. Capacitances range from 1 mmfd to 0.01 mfd or even higher. D-c working 
voltages are 300, 400, or 500 volts. Standard tolerance, when not otherwise stated, usually is÷ 10%. Tol-
erances of 5%, 3%, 2%, and 1% are available at greater cost. The cost of silver micas is several times that 
of foil micas with the same capacitance, voltage rating, and tolerance. 

CERAMIC CAPACITORS. Ceramic capacitors take their name from the kind of dielectric, which is a cer-
amic (porcelain-like) material with which is mixed a substance of exceedingly high dielectric constant. 
This substance is most often titanium dioxide. The resulting dielectric constant of the compound may be 
as much as 1500 to 2000, or even more in some cases. The ceramic compound may be formed into thin-
walled cylinders which are plated or coated inside and outside with layers of silver which act as the plates 
for the resulting tubular or cylindrical capacitor. Ceramic capacitors are made also in the form of thin round 
discs wherein is a wafer of the ceramic compound coated with silver on opposite sides to form the plates. 
The combination of dielectric cylinder or wafer with the coated plates is protected with an outer cover of 
insulating compound or sometimes with an outer tubing of steatite. 

Tubular or cylindrical ceramics may have radial leads which extend outward from one side, near the two 
ends, as at A in Fig. 13-6, or they may have axial leads from the two ends as at B. Diameters range from 
3/16 to about 3/8 inch, with lengths from about 1/2 inch up to about 1 1/4 inches. The range of capaci-
tances is all the way from 1/2 mmfd to 10,000 mmfd or 0.01 mfd. Tolerances most often are+ 20% or 10%, 
but may be much closer when greater accuracy is required. D-c working voltage usually is 500, but in some 

types may be anything between 100 and 2,000 volts, in steps. 

Disc ceramics may contain a single capacitor unit with its two extending leads as shown at C in Fig. 
13-6,orthey may contain two units as at D wherein each of the two outside leads connects to one capacitor, 
with the center lead being common to both units. Capacitances of disc ceramics usually are 0.001 mfd or 
more, ranging to around 0.01 mfd in single units and about half this in dual types. D-c working voltages are 
500 unless otherwise specified. These disc type units are little more than 1/8 inch thick, and their diameter 

is around 5/8 to 3/4 inch. 

  I M1 Mi . 
400 V. btr 

Fig. 13 — 4 Bands on these paper tubulars are near the leads to be used for grounding. 
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Fig. 13 — 5 Mica capacitors with leads, lugs, and screw terminals. 

Because of the small dimensions of all ceramics, and their method of construction, the inductance is so 
very small as to make these capacitors well suited for high-frequency applications. Great numbers are found 
in television and f-m receivers. The chief uses are for by-pass capacitors and coupling capacitors in all 
kinds of circuits, and for temperature compensating capacitors in r-f oscillator circuits. Ceramics, as a 
class, seem less able to withstand high temperatures and momentary voltage surges than do the mica and 
paper types. This may be because ceramic capacitors too often have been put into circuits where their vol-
tage ratings are exceeded. Great care must be used when soldering to the terminal leads that the capacitors 
are not overheated to a degree which will break the dielectric and cause either open or short circuits. 

TEMPERATURE COMPENSATING CAPACITORS. When there are considerable changes of temperature in 
the coils, conductors, and supports for parts of amplifier and oscillator circuits there are resulting changes 
of dimensions and positions which cause the operating frequencies to vary. In nearly all cases the physical 
changes are such that, when there is a rise of temperature, the frequency becomes lower than it should be, 
or lower than the value for which adjustments originally were set. When temperature of the circuit parts 
later returns to a lower value there is an increase of operating frequency. 

A lowering of frequency in the circuits of the tuner and video i-f amplifier of a television receiver, and 
in generally similar circuits of any other kind of receiver, is equivalent to an increase of capacitance in 
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Fig. 13 — 6 Lead arrangements as used with tubular and disc ceramic capacitors. 

those circuits. At least, it would be possible to cause the same lowering of frequency by using more cap-
acitance. The undesirable lowering of frequency with rise of temperature may be counteracted by connect-
ing into the affected circuit a special type of capacitor whose capacitance decreases when its temperature 
rises. The decrease of capacitance in this "temperature compensating" capacitor then tends to raise the 
operating frequency just as much as the rise of temperature tends to lower the frequency, and the result is 
a nearly constant frequency with ordinary changes of temperature. 

A capacitor whose capacitance becomes less as its temperature rises is said to have a negative temper-
ature coefficient of capacitance, or simply a negative temperature coefficient. Were the capacitance to in-
crease with rise of temperature there would be a positive temperature coefficient. If the capacitor main-
tains a nearly constant capacitance, when there are changes of temperature that capacitor has a zero tem-
perature coefficient. It happens that ceramic capacitors may be made to have any kind of temperature co-
efficient, simply by changing the composition of the dielectric. Consequently, nearly all temperature com-
pensating capacitors are of the ceramic type. In order that changes of temperature may have full effect on 
the compensating capacitor, this unit must be mounted close to parts which otherwise would cause trouble-
some variation of frequency. When possible, the capacitor leads are soldered directly to the affected parts. 

Temperature coefficient is specified in "parts per million per degree centigrade". This is the same as 
specifying a change of so many micro-microfarads for every microfarad of rated capacitance for each certi-
grade degree of temperature change. Here is an example. Assume we have a capacitor whose normal capaci-
tance is 1000 mmfd or 0.001 mfd, and assume that this unit has a negative temperature coefficient of 750. 
If the capacitance were 1 mfd the change then would be 750 mmfd for every centigrade degree of tempera-
ture change. But the capacitance is only 0.001 or 1/1000 mfd, and so the change actually will be only 
1 ' 1000 of 750 per degree. This means a change of 750/1000 mmfd for every centigrade degree of tempera-

ture change. 
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Supposing we assume that adjustments will be made at 20° C (68° Fahrenheit) and that normal operating 
temperature will be 45°C ( 113° Fahrenheit). This is a change of 25 centigrade degrees. For each degree 
the capacitance will decrease by 750/1000 mmfd. Multiplying 750/1000 by 25 shows that the total decrease 
of capacitance will be 18.75 mmfd. The original 1000 mmfd of capacitance will decrease to 981.25 mmfd 
when temperature rises from 20° to 45° centigrade. 

Sometimes it is important to know how much, or how little the capacitance may vary with changes of tem-
perature even though the capacitor is not used for temperature compensation. For instance, we might wish 
to know how much a capacitor is likely to upset the operating frequency of a circuit when there are changes 
of temperature. Such information is given by specifying maximum negative and positive temperature coef-
ficients. Where moderate change of capacitance will have little effect the coefficient might be something 
like 120 positive to 160 negative. 

ELECTROLYTIC CAPACITORS. An electrolytic capacitor is radically different from all other types in 
both construction and action. One of the plates in the electrolytic capacitor is a thin sheet of aluminum 

Fig. 13 — 7 Construction of electrolytic capacitor with gauze for holding the electrolyte. 
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Fig. 13 — 8 A method for holding the paste inside a dry electrolytic capacitor. 

which may be rolled or corrugated and which usually has the surface roughened or etched to in crease the 
area. The dielectric is a thin film of oxide which is formed by electro chemical action right on the surface 
of the aluminum. The second plate is either a moist paste containing the electrolyte liquid, or else is the 
electrolyte liquid itself. The paste is used in what are called dry electrolytics, the liquid is used in wet 
electrolytics. 

All the early electrolytic capacitors were of the wet type, while most of those used today are of the dry 
type. Dry electrolytics have the advantages of lighter weight and somewhat smaller sizes for very large 
capacitances, and are practically free from trouble resulting from escape of liquid. Wet electrolytics have 
the advantage that a breakdown due to application of excessive voltage is healed by the liquid flowing 
back into place, while a breakdown or puncture due to excessive voltage on a dry electrolytic causes per-
manent failure. Unless specifically stated otherwise, the remainder of our discussion will relate to the gen-
erally used dry electrolytic capacitors. 

Dry electrolytic capacitors are of rolled construction such as shown for a fairly typical unit in Fig. 13-7. 
Extending toward the left is one layer of cellulose or cotton gauze saturated with electrolyte liquid. Then 
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comes the active aluminum plate on whose surface is formed the dielectric film. Next is a second layer of 
the absorbent gauze, and extending over toward the right is another thin sheet of aluminum. This second 
aluminum sheet acts neither as an active plate nor as a support for the dielectric, it is merely a conductor 
whose purpose is to bring electron flow or current from the external terminal of the capacitor to the electro-
lyte which is an active plate. 

There are many variations in construction details of electrolytic capacitors, but principles remain un-
changed. For example, in the capacitor shown partly unrolled by Fig. 13-8 the electrolyte paste is held in 
place by an open mesh fabric which looks like a piece of cheesecloth. 

When an assembly of aluminum sheets and electrolyte paste or liquid is first made up it is not a capaci-
tor because there is no dielectric film. The film is formed when a direct electron flow is sent through the 
unit in such polarity that the flow passes first to the inert aluminum conductor, thence through the electro-
lyte to the aluminum on which the dielectric film is to be formed, and from this plate back to the external 
source. As the dielectric film is formed, there is increasing high resistance to electron flow in the direc-
tion mentioned. If applied voltage is made higher in order to maintain the flow, the film continues to be-
come thicker and thicker and to increase its resistance. 

The inert foil at which electron flow enters the capacitor is called the cathode, and the foil which be-
comes the active plate is called the anode. During the process of film formation the cathode is connected 
to the negative side of the source and the anode is connected to the positive side. If these external con-
nections should be reversed, even after the film has been built up to have high resistance to the original 
flow, there will be a large current in the reverse direction. The electrolytic capacitor has dielectric re-
sistance to electron flow in only the direction which originally formed the dielectric film. Consequently, 
this type of electrolytic capacitor may be used only in circuits where it is subjected to direct voltage or 
direct electron flow, not to alternating voltage or alternating flow. 

One of the principal uses of electrolytic capacitors is in receiver power supply sections following the 
rectifier, where there is only direct voltage. These capacitors are used also as by-passes in plate, screen, 
and grid circuits, where again there is direct voltage. There are many other places where we shall find 
electrolytics, but always the circuits will be those operating at the relatively low audio frequencies, sync 
frequencies or sweep frequencies, and power line frequencies. These capacitors cannot be used in circuits 
operating at radio, video, or carrier frequencies because under such conditions the energy losses become 
excessive. 

The electrolytic capacitor which may be used only where there are direct voltages and no alternating 
voltages is called a polarized type. One or both external terminals always are plainly identified for correct 
connection. Usually only the positive terminal is marked, either with the word positive, the abbreviation 
"pos", or a plus sign (t). If there are flexible insulated leads the insulation on the positive lead may be 
red in color. By the positive lead or terminal is meant the one which must be connected toward the positive 
side of whatever source is furnishing voltage to the capacitor, or toward the side of the circuit toward which 
there is to be'electron flow. 

There are non-polarized electrolytic capacitors in which there are two anodes and two dielectric films. 
These are in common use for a-c motor starters and other purposes in industrial and commercial electrical 
equipment, but not in radio or television receivers. 

The principal advantages of electrolytic capacitors over all other types are the very large capacitances 
obtainable in small space and at fairly low cost. The large capacitance results from the extreme thinness 
of the dielectric film which, for a forming potential of 100 volts is only about 1/25000 inch. At higher form-
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Fig. 13 — 9 Types of cases or housings used for dry electrolytic capacitors. 

ing voltages and working voltages there is thicker film, which means less capacitance per square inch of 
plate area and a larger capacitor for any given capacitance. Capacitance seldom is less than 0.5 mfd, and 
in single capacitors may often be as high as 4000 mfd and sometimes as high as 6000 mfd. 

Capacitance tolerances usually are on such a basis that the rated or listed capacitance is practically the 
minimum actual value, while the actual capacitance may be almost anything from one-half more than the 
rated value up to twice the rated value. When you buy an electrolytic capacitor of any reputable make you 
are practically certain of getting enough capacitance, and usually more than enough. Working voltages most 
often are in the range between 25 and 450 d-c volts, but may be as low as 6 volts and sometimes a little 
higher than 450 volts. 

A few of the many styles of housings or casings used for electrolytic capacitors are illustrated in Fig. 
13-9. At the left there is a cardboard sleeve around the outside of a metal can which encloses the capacitor. 
At the center the capacitor is contained in a metal can, the bottom end of which is a threaded extension 
that goes through a hole in the chassis of the receiver. A nut screwed on from below holds the capacitor in 
position. At the right is another metal can from the bottom edge of which extend thin metal lugs that pass 
through slots in the chassis or in a mounting plate fastened to the chassis. After the lugs are put through 
the mounting slots the lugs are twisted to hold the capacitor in place. 

Other electrolytic capacitors are in rectangular cardboard housings of various proportions and sizes. Still 
others are within molded housings of insulating material much like the molded covers used for some tubular 
paper capacitors. Wet electrolytics nearly always are in cylindrical metal cans similar to the style at the 
center of Fig. 13-9, but having liquid-tight bushings in the extension that goes through the chassis. Wet 
electrolytics are designed for mounting only with the terminals or leads downward and with the cans verti-
cal. 

A 
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Electrolytic capacitors are available with one, two, three, or four capacitor units within a single housing. 
All the types pictured by Fig. 13-9 are dual, with two sections in each housing. The metal can generally 
is the negative terminal. The single lead on one end of the capacitor at the left is attached to the can, so 
is negative. The two leads from the other end are positive, one for each section. The two leads of the 
center unit are positive and the metal can which comes in contact with chassis metal is negative. Capaci-
tors of this general style may be fitted with insulating bushings or washers for the extension that goes 
through the chassis hole, thus allowing the negative can to be insulated from the chassis metal. The nega-
tive can of the capacitor at the right connects to and grounds to the chassis when the mounting lugs are 
put through the slots and twisted. 

Fig. 13-10 is a picture of a dry electrolytic capacitor removed from its metal can. The positive terminal 
lug at the left is mounted in an insulating disc which was fastened into one end of the can. The negative 
foil of the capacitor has attached to it a long strip of metal which will make close contact and an electrical 
connection to the inside of the metal can. 

when an electrolytic capacitor is correctly connected into a circuit, with negative and positive of the 
capacitor respectively toward negative and positive of the voltage source, there will be a small current 
through the capacitor even though it is in perfect condition. This is leakage current. Normal leakage cur-
rent increases with capacitance and increases with working voltage or applied voltage. In a 1-mfd unit op-
erating at 100 d-c volts the leakage may be as much as 0.3 milliampere, and with 40 mfd at 450 volts the 
leakage may be 2.0 to 2.5 milliamperes without indicating a defective capacitor. 

Rhen voltage is applied to an electrolytic capacitor which has been out of use the initial leakage current 
is five or six times normal, but drops to normal within only a few seconds of time provided the capacitor has 
not been too long idle. The longer the capacitor has been idle the greater is the initial leakage and the 
longer the time before leakage comes down to normal. If one of these capacitors has been idle for as much 

Fig. 13 — 10. Insulated positive terminal and negative connecting strip of a dry electrolytic. 

A 
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D — C POWER SUPPLY 

cp,  AAMAAA 

ADJUSTABLE RESISTOR 

CAPACITOR 

Fig. 13 — U. Connections for re-forming dry electrolytic capacitors. 

as a year and then is subjected to voltage such as through the rectifier in a power supply, the large leakage 
current is likely to so overload the rectifier as to ruin the electron-emitting surface of the rectifier cathode. 

Wliere there is possibility of excessive leakage current the capacitor should be re-formed before it is used 
in the regular circuit Re-forming is done with a direct voltage from a source whose positive side is con-
nected to the positive terminal of the capacitor and whose negative side is connected to negative of the 
capacitor. Three or four dry cells connected in series will furnish enough voltage to build up the dielectric 
film in the capacitor and thus bring the leakage down to a point where the capacitor may be connected into 
its regular circuit. 

Any d-c power supply may be used for re-forming electrolytics as shown by Fig. 13-11. Current through 
the capacitor must not exceed 5 milliamperes, and is better held down to about 3 milliamperes. Maximum 
resistance of the adjustable resistor must be such that no more than the maximum allowable current can 
flow with full voltage from the power supply. This resistance is computed with your regular formula for 

ohms, volts, and milliamperes. 

Electrolytic capacitors must not be subjected to excessively high temperature. The usual limit is about 
110° F. or 60° C. unless the capacitor is especially designed for high-temperature operation. Capacitors 
located too close to tubes, especially rectifiers, or too close to large resistors or to power transformers 
are likely to overheat. This tends to evaporate the electrolyte in spite of good sealing, to increase leakage 
•current, and to shorten the useful life of the capacitor. Excessive temperature or frequent voltage overloads 
may force electrolyte out through the seal, as illustrated by Fig. 13-12. Without overloading or overheating, 
the life of an electrolytic capacitor usually will be six to eight years in ordinary service. 

CAPACITIVE REACTANCE. A capacitor connected in series with a circuit prevents any continued one-
way electron flow in that circuit, because no flow can pas through the insulating dielectric unless the di-
electric punctures. But this capacitor in series witl% a circuit may be continually charged and discharged, 
first in one pqlarity and then in the opposite polarity, provided electron flow surges back and forth in the 
circuit. This simply is a way of saying that a capacitor permits alternating electron flow or alternating cur-

rent in itself and in the connected circuit. 
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Of course, the alternating flow in a capacitor will not be so free as in a continuous conductor, because, 
during each alternation the capacitor can be charged with only a certain fraction of a coulomb of electricity, 
not with an infinitely large quantity. During the following alternation only that same quantity of electricity 
can flow in the opposite direction as the capacitor discharges. It is evident that the number of coulombs of 
electricity which can move during each alternation and during each cycle, with any given applied voltage, 
must be directly proportional to the capacitance of the capacitor. Doubling the capacitance will allow doub-
ling the movement, as measured in coulombs. Halving the capacitance will halve the quantity of electrons 
moved during each cycle. 

Supposing both the applied voltage and the capacitance remain unchanged while frequency is varied. Then 
there will be a certain quantity of electricity or a certain number of coulombs moved during any one cycle. 
During two cycles there will be twice the total quantity moved, during three cycles there will be three times 
the quantity, and so on. The coulombs of electricity moved always will be directly proportional to the num-
ber of cycles, and,of prime importance, the coulombs per second must be proportional to cycles per second. 
The name for cycles per second is frequency, and the name for coulombs per second is amperes. So we may 
say that current in amperes is directly proportional to frequency and is also directly proportional to capaci-
tance. The greater the capacitance and the higher the frequency of applied voltage the greater will be the 
capacitor current in amperes. 

From that last statement it follows that the smaller the capacitance and the lower the frequency, the less 
will be the current with any applied voltage. A reduction of cuitent with no change of voltage means, in ef-
fect, that there is greater opposition to flow of current. Reducing capacitance and frequency effectively in-
creases the opposition of the capacitor to flow of alternating current. This opposition of a capacitor to flow 
of alternating cament is called capacitive reactance. The symbol for reactance is the capital letter X. To 
show that this reactance is that of a capacitorwe add the symbol for capacitance,making the symbol Xc for 
capacitive reactance. 

All kinds of opposition to all kinds of current are measured in the same unit, the ohm. Consequently, the 
unit for capacitive reactance is the ohm. One ohm of capacitive reactance has the same effect in limiting 
alternating current as has one ohm of resistance in limiting the same current. 

Fig. 13 — 12 how a capacitor may be ruined by overheating or excessive voltage. 
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The fundamental formula for capacitive reactance is as follows: 
1 Reactance, ohms = 

2 x 3.1416 x frequency, cycles x capacitance, farads 

This formula is not particularly easy to use because all our frequencies in kilocycles and megacycles 
would have to be changed to equivalent cycles, and all the capacitances would have to be changed to the 
equivalent fraction of a farad. It is more convenient to use formulas based directly on capacitances in mi-
crofarads or micro-microfarads, and on frequency in cycles, kilocycles, or megacycles. Those which follow 
are among the relatively few formulas really useful when making replacements of capacitors and figuring 
out the causes for certain troubles in television and radio circuits. The factor 160,000, with its multiples 
and submultiples, will give answers accurate to within one-half of one per cent. For greater accuracy use 
159, 155 and the corresponding multiples and submultiples. 

Xc ohms 160 000  Xc ohms — 160 000 000 000  
cycles x mfd cycles x mmfd 

Xc ohms —  160 Xc ohms = 160 000 000  
kilocycles x mfd kilocycles x mmfd 

Xc ohms =  0.16 Xc ohms =  160 000  
megacycles x mfd megacycles x mmfd 
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LESSON NO. 14 

FIXED RESISTORS FROM THE SERVICE STANDPOINT 

The service technician never has a chance to forget the importance of capacitors and resistors, for every 
time he looks underneath a receiver chassis, as in Fig. 14-1, a large part of the view is taken up with these 
units. It is essential, of course, to understand the basic principles relating to how these circuits elements 
do their work. Otherwise the process of trouble shooting would be a hit-and-miss affair. But for service to 
be satisfactory to the customers, and profitable to you and your organization, it is almost as essential to 
know how to select and apply such units as are available for replacement and repair. In the preceding 
lesson we went far toward gaining such a practical understanding in relation to fixed capacitors. Now we 
shall do the same for fixed resistors, and add a few items which relate to both capacitors and resistors. 

A small portion of a receiver service diagram is reproduced in Fig. 14-2. The resistors are shown by the 
familiar symbol of the zig-zag line. The capital letter R, as used in practically all service diagrams, iden-
tifies a replacement part number as that of a resistor. For instance, R109 means resistor number 109 in the 
parts list for the particular receiver. Near the resistor symbol usually is marked the value of resistance. 
When no letter follows this resistance value it is the number of ohms. Near resistor R109 at the upper left 
in Fig. 14-2 is the number 5600, which means 5600 ohms. Farther toward the right are resistors R6 and R7, 
with their values shown as 10K. The capital letter K means thcusands of ohms, so 10K means 10,000 ohms. 
When the value of a resistance is shown on a wiring diagram by a number followed by the capital letter M it 
usually means the number of megohms. While this use of the letter M as a symbol for megohms is common 
practice, especially on the more recent diagrams, you will find some cases where the letter M means thou-
sands of ohms. There is little likelihood of confusion, because you won't find both K and M meaning thou-
sands of ohms on the same diagram. Resistances in megohms often are identified by the abbreviation "meg", 
which cannot be mistaken in its meaning. 

ELECTRICPOWER. Were someone to ask you to name the most important thing about a resistor you would 
answer, quite correctly, that it is the value of resistance. But were that person to look in the catalogs and 
other descriptive literature issued by makers and suppliers of resistors he might easily conclude that the 
most important thing about resistors is "watts", for almost every description is headed by a statement that 
the resistors are rated at some number of watts or some fraction of a watt. Down below will be the ohms 
and megohms of resistances available for the specified wattage. 

A watt, as undoubtedly you know, is the unit in which electric power is measured. Lamps, toasters, and 
nearly all other electrical things are marked with the number of watts of power required for their operation. 
Power is a rate of doing work. In an earlier lesson we talked about work and energy. We talked about how 
work is done on electrons when they are forced to move against electric fields, and about how electrons do 
work when they move with the fields. There we learned that mechanical work may be measured in a unit 
called the foot-pound, which is the amount of work done when a weight of one pound is lifted through a dis-
tance of one foot against the force of gravity. 
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Fig. 14-2. How resistors may be shown in a service diagram. 

Were it possible for you to work at the rate of 33,000 foot-pounds per minute you would be working at the 
rate of one horsepower. Were you to work at the rate of only about 44 foot-pounds per minute you would be 
working at the rate of one watt of electric power — if you were composed of free electrons rather than of 
flesh and blood. Only electrons in motion do work at rates measured in watts of electric power. 

When electrons .move, the work they do may cause mechanical motion, as in motors or in the vibrating 
cones of loud speakers. The electrons may work also to produce light, as in all kinds of electric lamps. 
The working electrons may cause chemical changes, or do electroplating, and may do many other things. 
One of the important jobs for moving electrons is production of heat, as in electric ranges. This heating 
effect interests us greatly, because every bit of electron work that does not produce motion or light or 
chemical changes or something else of that nature must produce heat. 

In resistors used for television and radio the moving electrons do work. This work doesn't produce motion 
or chemical changes, and we hope it won't produce light by making the resistors red hot. But the electron 
work does produce heat in greater or less quantity. If electrons were to work at a rate of one watt of electric 
power in a resistor, and continue this rate of working for one hour, they would generate enough heat to raise 
the temperature of one cubic foot of air by 188°F, provided all the heat were retained for raising the air 
temperature. 

Many television receivers require electric power at a rate of about 180 watts for their operation. It takes 
only a negligible fraction of this power to produce motion in the speaker and light at the picture tube. Prac-
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Fig. 14-3. Fixed resistors of composition and wire wound types. 

tically all the power ends up by producing heat. If all this 180 watts of heating effect were put into 20 
pounds of aluminum, and none escaped, the temperature of the metal would go up 140°F within an hour. 
Actually a great deal of the heat does appear either in the heaters of the tubes or else in the fixed resistors. 

Some typical fixed resistors of small size are pictured in Fig. 14-3. 

Now let's inquire what is needed in the way of current and potential drop and resistance to produce the 
electric heat which is measured in watts. The relations are exceedingly simple. When current is one ampere 
and potential drop is one volt, the rate of power production is one watt. The product of the number of amp-
eres of current and the number of volts potential drop or potential difference is equal to the number of 
watts of power. You know that current can be one ampere with a potential.difference of one volt only when 
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resistance is one ohm. So we may say that there is a power dissipation of one watt when a current of one 
ampere flows through a resistor of one ohm when the voltage across the terminals of the resistor is one volt. 

We may compute the power rate in watts when knowing any two of the three factors, current, potential 
difference, and resistance. In power formulas we shall use the milliampere as the unit of current, the volt 
for potential difference, and the ohm for resistance. The simplest power formula requires that we know the 
current and the potential difference to begin with. Here is the formula. 

milliamperes x volts  V4atts 
1000 

By combining this power formula with our earlier formula for voltage, in terms of current and ohms, we 
can arrive at another power formula with which we need to know current and resistance. 

%atts (milliamperes)2 x ohms  
— 1 000 000 

Vidth this second power formula we square the number of milliamperes of current in the resistor, then 
multiply by the number of ohms resistance of the resistor, and divide by one million to find the number of 
watts of power being used. 

Here, the power formula is combined with our earlier formula for current, in terms of volts and ohms. 

latts (volts)2 Vi  
— ohms 

In Fig. 14,4 is represented a 5000-ohm resistor in which tFe measured current is 20 milliamperes, and 
across which the measured potential difference is 100 volts. You might check this relation between ohms, 
milliamperes, and volts with some or all our original formulas for resistance, current, and potential differ-
ence. Now we shall use each of the three power formulas to determine the rate of watts at which power is 
being dissipated in this resistor. First, with milliamperes and volts. 

Fig. 14-4. Power in watts may be computed from values of potential difference, current, and resistance. 
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Fig. 14-5. Resistors with axial and radial leads. 

Watts _ milliamperes x volts 20 x 100 2000 
1000 — 1000 _ 1000 2 watts 

_ 

Next, the formula which uses milliamperes and ohms. 

J milliamperes)2 x ohms 400 x 5000  _  2 000 000 = 
Watts 2 watts 

— 1 000 000 — 1 000 000 — 1 000 000 

And finally, the formula with which we must know volts and ohms. 

1VOits L2 _ 10 000 
Watts _— (----hms ---5-0--00 _ z,o watts 

HEAT DISSIPATION IN RESISTORS. Every bit of power used in a resistor goes into the production of 
heat. Unless this heat is dissipated or gotten rid of, the resistor eventually will burn up. Remember, power 
is a rate of doing work, it is a measure of work continued through time, and power in a resistor is a measure 
of the rate of heat production. A watt of power doesn't measure a definite quantity of heat, in the way that 
a gallon measures a certain quantity of water. A watt measures a rate of heat production, as gallons per 
minute measure a rate of water flow. Heat raises the temperature of any substance in which the heat is 
being produced, and so long as heat continues to be produced by continued use of power, the temperature 
will continue to go up unless heat is allowed to escape from that substance. 

Fortunately, the higher the temperature of a resistor, and the greater the difference between its temperature 
and temperature of surrounding air and other bodies, the more rapidly heat will pass from that hot resistor 
into the cooler things around it. When the resistor produces heat due to power dissipation the temperature 
will rise and the rate of heat loss will increase until heat is passing out of that resistor at the same rate 
heat is produced within it. Only then will the temperature of the resistor become constant. Should the re-
sistor become so hot as to melt or burn up before the condition of heat balance is reached, that's just too 
bad for the resistor and the apparatus in which it is connected. 

Heat passes out of a hot resistor through its surface and through whatever terminal connections may be 
used. About the only practical way to increase the rate of heat loss in a given style of resistor is to in-
crease its surface area. As a consequence, the greater the power and the heat which a resistor must dis-
sipate, the larger must be the resistor. 
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RESISTOR RATINGS IN WATTS. The watts rating or power rating of a resistor is the maximum number 
of watts of power which may be dissipated in the resistor without raising its temperature to a point at 
which the resistor itself might be damaged or a point at which its resistance might vary beyond the per-
centage limits of tolerance. How much heat and temperature a resistor will stand depends on its construc-
tion and size. The rating is based on having the resistor supported in free air with at least a foot of clear 
space in every direction — a condition never realized in television and radio receivers. 

As resistors actually are used and mounted they have almost no free air space and little ventilation. 
Then the temperature limit will be reached with power much less than the rating. Furthermore, the maximum 
temperature which the resistor will stand almost always is too high for capacitors, wiring, and other parts 

Ent 

ql IJ 

Fig. 14-6. Types of wire wound resistors. 

A 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 14 — Page 8 

which are near the resistor. These other parts might be charred, or their insulation might melt out. In prac-
tice, you never should use a resistor rated for less than double the actual power as computed from current, 
potential drop, and resistance. Even then the resistors will run very hot when mounted in the usual manner. 
It is preferable to use resistors rated at three, four, or five times the actual power that they will have to 
handle. The greater the rated watts in comparison with actual watts,the cooler the resistor will operate. 
The resistor of higher watts rating is larger, and the greater surface allows more rapid dissipation of heat. 

RESISTANCE MATERIALS. Composition resistors, called also carbon resistors, have for their resistance 
elements a mixture of carbon or graphite with clay, ceramics, or phenolic compounds in such proportions as 
to give the desired combination of resistance and size. Nearly all composition resistors now manufactured 
are encased by an outer insulating tube sealed at both ends, and usually are impregnated with some moisture-
proofing material. 

Other resistors are of the metallic film type of the metallized type. The resistance element is a small-
diameter glass tube on the surface of which is baked a thin coating of metal to provide the necessary con-
ductivity and resistance. This tube is enclosed by an outer insulating tube or may be molded into a covering 
of phenolic insulating material. 

The standard resistance tolerance for composition and metallized resistors most often is + 10%. A toler-
ance of + 5% is available at somewhat greater cost. Many resistors which sell for low-ér prices have 
standardrolerance of + 20%. In the case of many resistors which sell at bargain prices the marked value of 
resistance may have little relation to the actual resistance. Such units have to be checked with an ohmmeter 
before being put into service. 

Insulated resistors are provided with wire leads or pigtails extending straight out from the ends. These 
are called axial leads, because they are in line with the axis of the cylindrical resistor. With older types 
of uninsulated resistors the leads extend out at right angles from both ends of the cylindrical body. These 
are called radial leads. The differences are illustrated by Fig. 14-5. At the left is an insulated resistor 
with axia 1 leads. On the uninsulated type at the center the leads are twisted around the ends. On the very 
old style at the right the leads are attached to two metal end caps. The central cylindrical bodies of the 
uninsulated types are almost always coated with or embedded in insulation, the uninsulated part consists 
of the exposed leads around both ends which easily may touch any nearby conductors to cause short circuit-
ing or accidental grounding. 

Resistors of the composition and metallic film type most often are used in power ratings of 1/2 watt, 1 
watt, and 2 watts, but occasionally are found in 3-watt and 5-watt sizes. Resistors whose power ratings 
are 5 watts or more nearly always are of the wire wound type. Wire wound resistors are available also in 
the smaller ratings, all the way down to the 1/2-watt size. 

There are many varieties of wire wound resistors. At the top of Fig. 14-6 is a style having many turns of 
enamel insulated wire wound into slots along the supporting form. At the center is a resistor formed by a 
few turns of exposed wire around a strip of insulation. This is a center-tapped resistor, with a connection 
at the center of the winding in addition to connections at both ends. Down below is a vitreous enameled 
wire wound resistor from which some of the enamel coating has been removed to expose the turns of wire. 
Other wire wound resistors are of the same general appearance as the units pictured in Fig. 14-3. 

Vitreous enameled wire wound resistors are made with wire of high resistance per foot wound onto a tube 
or flat strip of heat-resistant insulating material. The assembly is coated with an enamel and is fired to 
red heat in furnaces. The enamel fuses into a glass-like (vitreous) coating. These resistors are available 
with power ratings from 5 watts to 200 watts and in resistances from about 0.2 ohm up to more than 200,000 
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14-7. Relative sizes of resistors having various wattage ratings. 

G 

ohms. There are also heat-resistant enamels other than the vitreous kind. Then too, there are so-called low-
temperature enamel coatings which are not fired during their formation but are amply able to withstand the 
highest temperature at which a resistor may operate. 

A wire wound resistor of any ordinary type consists of a coiled conductor on an insulating form. Coiled 
conductors are used in television and radio circuits to provide the property called inductance. Inductance 
is no more desirable in resistors than it is in capacitors, but all the common types of wire wound resistors 
are inductive and are likely to cause trouble at radio frequenzies. There are several ways of winding wire 
to avoid most of the inductive effect, and for some applications it is necessary to use such non-inductive 
wire wound resistors. 

RESISTOR DIMENSIONS. In Fig. 14-7 are outline drawings showing relative lengths and diameters of 
resistors in the various wattage ratings marked on the drawings. The 1/2 watt resistor at A measures 
approximately 3/8 inch long and 1/8 inch in diameter. This size formerly was rated at 1/4 watt until improve-
ments in materials and design made the higher rating possible. The size at A is found in composition and 
metallic film units. Wire wound resistors of 1/2 watt rating have approximate dimensions shown at B, 5/8 
inch long and about 3/16 inch diameter. At C is shown the relative size of 1-watt composition and metallic 
film resistors, about 5/8 inch long and 1/4 inch in diameter. The outline at D shows the relative size of 
1-watt wire wound resistors having axial leads, the length beiag about 1 1/4 inches and the diameter about 
1/4 inch. Dimensions of 2-watt composition, metallized, or wire wound resistors with axial leads are shown 
at E. The length is about 1 3/8 inch and the diameter about 3/8 inch. 

At F in Fig. 14-7 is represented a wire wound resistor of 1-watt rating having radial lugs, and at G is 
shown the relative size of a 10-watt vitreous enameled wire wound resistor. In all the resistors whose rel-
ative dimensions have been shown, the size is determined by the power rating in Watts and not by the resis-
tance in ohms. The only time when resistance affects size is in the case of a wire wound unit of such high 
resistance as to require a form which will accommodate the extra length of wire. 

There are many circuits in television and radio receivers which require the use of a number of resistances 
connected in series with one another. This need often is met by using tapped resistors of the wire wound 
type, like the two units pictured in Fig. 14-8. The resistance sections may be of equal or unequal values. 
At a point between each pair of adjacent sections along the wire winding is connected a terminal lug as 
shown, or sometimes a wire lead. 
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PRECISION RESISTORS. Fixed resistors whose tolerance in range of resistance is less than ± 5% com-
monly are called precision resistors. Such units are available in all the usual constructions and in a number 
of special forms. Carbon composition units often are used, as are also some special forms of metallic film 
construction, and wire wound types with various insulations. Tie resistor at the top of Fig. 11-6 is a pre-
cision type, with sections of wire wound in slots on a ceramic insulation form. This and other special 
methods of winding are used to lessen the inductive effective. 

Precision resistors most often are used in meters and other service instruments where accuracy is im-
portant. Tolerance of 4- 1% is the usual standard, although 4- 2% may be used, and in some instruments we 
find high-precision toTerances such as 1/2%, 1/4%, or 1/10.57, all plus or minus. The wire or other resistor 
material is of such kinds as will undergo relatively small change in its resistance value when there are 
changes of temperature such as ordinarily occur in occupied buildings. In the various makes and styles of 
precision resistors it is possible to obtain resistances all the way from about 0.1 ohm up to 15 megohms. 

Power ratings of precision resistors are available in a range from 1/2 to 5 watts, with 1 watt probably 
the most common. Compared with ordinary types, the precision resistors nearly always are oversize for 
their power rating. That is, where full power dissipation in an ordinary resistor might raise its temperature 
by 250 to 450 degrees Fahrenheit, full rated power in a precision unit may raise the temperature by no 
more than 75 degrees. A 1-watt precision resistor may be as large as a 5-watt or 10-watt unit with com-
mercial tolerance. 

RESISTOR TROUBLES. %hen a resistor is found burned out, as evidenced by an open circuit, there must 
have been a reason for the damage. Every effort should be made to discover the reason, eithet before re-
placement or immediately after replacement and before leaving the job. In some early production runs of 
receivers there may be resistors of too low power rating. After installing a new resistor of the correct 
number of ohms, measure the voltage drop across this resistor. Then use the measured voltage drop and 
the number of ohms in the formula for watts. This will give the actual power dissipation. The resistor must 
have a rating several times as high. 

The resistor may have been located too close to hot parts such as rectifier tubes and output amplifier 
tubes, or the resistor may have been pushed into a position where there is too little air circulation. If a 
new resistor appears to be over-loaded according to the check with the voltage drop and watts formula, 
make a careful examination for short circuits and accidental grounds in circuits connected to the resis-
tor. Such troubles may allow excessive voltage and current. 

A resistor may be cracked or its terminal leads may be loosened or broken by abuse during service oper-
ations. Enamel coatings may have been chipped enough to expose the wire and allow short circuits or ac-
cidental grounds. Some coatings may be damaged by overheating, the effects of which may show up as 
rough, bubbly, or dark spots on the insulating cover. 

It is a well known fact that all pure metals increase their resistance with rise of temperature, while pure 
carbon and graphite lower their resistance when temperature goes up. Good quality resistors of all types 
are practically unaffected by "temperature coefficients of resistivity" which are measures of the effect of 
temperature on resistance. The resistor materials are so selected that whatever small change of resistance 
does occur with rise or fall of temperature will be well within the rated tolerance of the resistors. 

PREFERRED NUMBERS OR VALUES. Now we are going to talk about something which applies equally 
to fixed resistors and fixed capacitors. It is the values of capacitance and of resistance which are becoming 
standardized and which are most generally available from radio supply houses. The object of standardizing 
on certain values is to reduce the stock of resistors and capacitors required when carrying on a service 
business and to reduce the varieties which have to be manufactured, which brings down the cost per unit. 
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Supposing you were going to use resistors, or capacitors, ol 20% tolerance. How many values would you 
have to have on hand to cover the entire range from 8 to 80 ohms or 8 to 80 mmfd or any other range whose 
low and high limits have the ratio of one to ten? You would need only six different values. Here they are. 

10 15 22 33 47 68 

You cannot possibly name any number 
20% above one of these six numbers. If you 
as 26.4 ohms or mmfd, it is between the 
get 26.4. If you deduct 20% of itself from 
20% tolerance, everything from 80 to 800 
ues, which are these. 

between 8 and 80 which is not within the range of 20% below to 
don't believe it, try it. Even though you pick some number such 
preferred values of 22 and 33. If you add 20% of itself to 22 you 
33 you get 26.4. If you wish to extend your stock to cover, with 
ohms of mmfds you will need to add only six more preferred val-

100 150 220 330 470 680 

If you multiply this last set of preferred numbers by 10 you will have values going all the way from 800 
to 8000, with 20% tolerance, and so you may keep on until with a stock of only 36 different values you can 
handi every job calling for resistance or capacitance between 8 and 8,000,000 ohms or mmfd, provided the 
toler.t• e, is t 20%. 

If you want to handle every replacement requiring tolerance of + 10% it is necessary to add only six more 
values in each range where the ratio of minimum to maximum is—one-to-ten, or to add another 36 values for 
everything between 8 and 8,000,000 ohms or mmfd. To get dowr to a tolerance of ± 5% isn't quite so easy, 
but it requires adding only 12 more values in each one-to-ten range. 

The accompanying list shows the preferred or standard values in three columns. Each column covers 
only one range with a low to high ratio of one-to-ten, but the values in each column may be multiplied or 
divided by 10, 100, 1000 or any other multiple of 10 to extend the list as far as you like. Here we have all 
the significant numbers which you wall see so often as the valles of resistors and capacitors on diagrams 
for radio and television service work. 

Resistors and capacitors in values other than those of the preferred numbers are made in all styles of 
units. ire wound resistors in power ratings of 5 watts and up nearly always have values in round numbers, 
such as 5, 10, 12, 15, 20, 25 ohms and so on. Values of precision resistors do not follow the preferred 
numbers. Fixed capacitors are more common in values such as 10, 20, 50, 100 mmfd, and for larger sizes 
in values like 1, 2, 4, 8, Innfd than in the preferred numbers. The principal use for the preferred values is 
in resistors whose power ratings are from 1/2 to 2 watts. 

Tolerance 20% 

10 

15 

PREFERRED OR STANDARD VALUES 

Tolerance 10% Tolerance 5% 

12 

11 

13 

16 
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Fig. 14-fl. 11ire wound vitreous enameled resistors with tap connections. 

IR 

20 

22 

24 

07   

30 

33 
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39 

43 

47 

51 

56 

62 

68 

75 

82 

91 

100   

In theory it is permissible to replace a resistor with any other resistor whose a ctual value is within the 
tolerance limits of the one replaced. For example, a resistor rated at 47 ohms with 20% tolerance might 
have actual resistance anywhere from 37.6 to 56.4 ohms, and could be replaced with a unit of 40, 45, 50 or 
55 actual ohms, or of any other actual resistance between the tolerance limits. The same principle applies 
to replacement of 10% tolerance units and of 5% tolerance units, and applies to capacitors as well as to 
resistors. The danger in making such replacements is that the original unit may have been selected for 
some resistance which must be accurate within closer limits than the marked tolerance. For instance, the 
original resistor might have been picked because it measured between 4.0 and 45 ohms, even though marked 
47 ohms, and replacement with something like 50 or 55 ohms might lead to difficulties. 

COLOR CODES. If you examine the composition and metallized film resistors shown by Fig. 14-3 you 
will notice a number of bands around the cylindrical bodies. These bands are of various colors. The colors 
and their relative positions indicate the resistance in ohms, and may show also the tolerance. A somewhat 
similar system of colored bands is used on small cylindrical capacitors to show the capacitance, the tol-
erance percentage, and in some cases the temperature coefficient. On flat rectangular mica capacitors or 
the similarly shaped non-inductive paper capacitors the identifying colors are applied in small round dots 
such as you can see on the units of Fig. 14-9. 

Fortunately, the colors which indicate the numerical digits from 1 to 9, and which indicate how many 
ciphers are to be used, these colors are the same for both resistor and capacitor color codes. The colors 
and their meanings are important in the business of servicing, for oftentimes you will have no other means 
for learning the value of a small resistor or small capacitor. Here are the colors and the digits for which 
they stand. 

Black 0 Green 5 

Brown 1 Blue 6 

Red 2 Violet 7 

Orange 3 Gray 8 

Yellow 4 White 9 
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Fig. 14-9. Fixed mica capacitors with color code markings. 

The colors from red through violet are arranged as they occur in the rainbow, but this does not help to 
remember the order of black, brown, gray, and white — and some of us don't remember the order of colors 
in the rainbow spectrum. To make it easier to remember all the colors of the code, most of our students 
memorize the following truthful statement in which the initial letters of successive words are the same as 
the initial letters of the names of colors in their correct order in the code. 

C.T.I. training :3rings Better Rewards Once You Gain By Very Good Work _ — — _ _ — — _ _ — 

black brown red orange Lellow green blue violet gray white _ _ _ _ 

0 1 2 3 4 f 7 R 9 
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Or you may look at it this way. 

"C. T. I. training Brings black 
Better brown 1 
Rewards red 2 
Once orange 3 
You yellow 4 
Gain men 5 
By blue 6 
Very violet 7 
Good gray 8 
Work white 9 

With this system of code colors, and nothing more, each digit in a number would require the use of a 
separate band or dot. A value of 1,000,000 ohms would call for one brown band or dot, followed by six black 
bands or dots to indicate the six ciphers. This is avoided by using each of the colors to indica te whether 
a number consisting of two digits is to be multiplied by 10, 100, 1000 or other multiple of 10, or is to be 
divided by 10 or 100. Then a value of 1,000,000 would be shown as the number 10 (two digits) multiplied 
by 100,000. To multiply by 100,000 we may add five ciphers. The color which represents 5 in our code is 
green, so we use green to indicate multiplication by 100,000 or to indicate the addition of 5 ciphers when 
the green band or dot is in a position which shows it to be a multiplier. All the other colors are used to 
indicate their appropriate number, or corresponding single digit. Following is a list showing for each color 
the corresponding single digit and also the number of added ciphers or the multiplier indica ted by the color. 

COLOR CODE FOR RESISTORS AND CAPACITORS 

Color When Used in When Used in Multiplier Position 
Digit Positions Multiply By Ciphers To Be Added 

Black 0 1 none 
Brown 1 10 one or 0 
Red 2 100 00 
Orange 3 1000 000 
Yellow 4 10,000 0 000 
Green 5 100,000 00 000 
Blue 6 1,000,000 000 000 
Violet 7 10,000,000 0 000 000 
Gray 8 100,000,000 00 000 000 
White 9 1,000,000,000 000 000 000 
Gold 1/10 
Silver 1/100 

Fig. 14-10 shows the positions of the color bands on fixed resistors having axial leads. The present 
standard arrangement is shown at the left, where there are four bands. Colors in the first two bands, com-
mencing always at the band nearest one end of the resistor, indicate the first two digits in the number. The 
color in the third band indicates the multiplier, or how many ciphers are to be added after the two digits. 
The fourth band shows the resistance tolerance, thus: 

Gold indicates tolerance of 4 5% 

Silver indicates tolerance of 

No color indicates tolerance of 

4. 10% 

20X 
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MULTIPLIER 

1ST DIG111/4 

2ND DIGIT 

TOLERANCE 

MULTIPLIER 
4 

MULTIPLIER TOLERANCE 

1ST DGIT\ 

2ND DIGIT 

3RD DIGIT II 
1ST DIGIT 2ND DIGIT 

Fig. 14-10. Color code bands as used on fixed resistors having axial leads. 

Some resistors will have only three color bands, as shown at the center of Fig. 14-10, when no tolerance 
is indicated or when there is no color indicating the tolerance. This is the case where tolerance is-4- 20% . 

Resistances to be shown within very close limits may require five bands, as at the right, with the first 
three bands indicating three digits or three significant figures in the value. 

Following are some combinations of colors, together with resistances and tolerances which they repre-
sent. Examine each combination with care, making sure that you understand how the colors are used to 
indicate desired values. 

OHMS  15 350 6800 75,000 400,000 2,200,000 

TOLERANCE — —   5% 10% 20% 5% 10% 20% 

1st Band brown orange blue violet yellow red 

2nd Band green green gray green black red 

3rd Band black brown red orange yellow green 

4th Band gold silver none gold silver none 

Here is another set of color code combinations in which the digits always are the same, with changes 
shown entirely by multipliers and tolerances. 

OHMS  47 470 47,000 4,700,000 4.7 0.47 

TOLERANCE— — — — 10% 10% 5% 5% 10% 5% 

1st Band yellow yellow yellow yellow yellow yellow 

2nd Band violet violet violet violet violet violet 

3rd Band black brown orange green gold silver 

4th Band silver silver gold gold silver gold 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 14 — Page 17 

This business of color coding may seem a rather difficult part of the language of radio and television. 
But after you work with resistors for a while, a string of color bands will look just like a number. Three 
red bands will look just as much like twenty-two hundred as do the figures 2200. 

At tile left in Fig. 14-11 are color code arrangements used on fixed resistors 'flaying radial leads. The 
first digit is indicated by the color of the main body of the resistor. The second digit is shown by the tip 
color. The multiplier is shown by a dot or a band. All radio men used to remember that "body — tip — dot" 
meant first, second, and multiplier. 

At the right are color band positions used on older fixed resistors having axial leads. Such markings will 
be found in a few older radio sets. Here again the color of the resistor body indicates the first digit. 

CAPACITOR COLOR CODES. Fig. 14-12 shows positions for color code dots on small mica and paper 
dielectric capacitors encased in insulation of rectangular shape. At the upper left are positions for the 

old six dot RMA system frequently found, and still used, in radio and television receivers. This coding 
allows for three numerals, or digits, in the capacitance value; also, for a multiplier, a capacitance toler-
ance, and a voltage rating in D. C. volts. At the bottom of Fig. 14-12 is a three-dot coding showing only 
two digits and a multiplier. Capacitors thus coded are supposed to have tolerance of - 20%, and to have 
D. C. working voltage rating of 500 volts. 

At the upper right in Fig. 14-12 are shown positions for the new RMA and JAN (Joint Army-Navy) ca-

pacitor color code. Capacitors coded in this system are distinguished by the fact that the upper left-hand 
dot will generally be black or white. If silver is used in the upper left hand corner, it would indicate an 
AWS(American War Standards) code, and the capacitor would be a paper molded rather than a mica molded. 

1ST DIGIT 
(BODY) 

2ND DIGIT 
(TIP) 

MULTIPLIER 
(DOT OR BAND) 

151 DIGIT 
(BODY) 

TOLERANCE 
(TIP) 

1ST DIGIT 
(BODY) 

110 

2ND 
DIGIT MULTIPLIER 

111111111V 1111111M 

TOLERANCE 1ST DIGIT 
(BODY) 

Fig. 14-11. Color code bands and dots on fixed resistors having radial leads. 

A 
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1ST 

(OLD RMA) 

DIGITS 

2ND 3RD 

MULTIPLIER 

TOLERANCE 

VOLTAGE RATING 

1ST 

DIGITS 

2ND 

(NEW RNA AND JAN) 

JAN MICA BLACK 
RNA MICA WHITE 
AWS PAPER SILVER 

(OLD RMA ) 

DIGITS 
1ST 2ND 

MULTIPLIER 

TOLERANCE 

CHARACTERISTICS 

 elpk, 
MULTIPLIER 

Fig. 14-12. Color code dot positions for mica and molded paper capacitors. 

To read the dot indications in correct order, any of these capacitors must be held so that an arrow or 
anything resembling an arrow in form will point toward your right, or so that the name of the manufacturer 
or any other wording is right side up. Capacitance values are to be read in micro-microfarads. 

One of the accompanying tables shows the meanings of all the colors in their various positions on mica 
and molded paper capacitors coded according to the HMA or JAN systems. Digit numerals and also multi-
pliers are the same as for resistor coding. Note that code designations for tolerances are not the same in 
all cases for the HMA and JAN systems. Characteristics relate chiefly to temperature coefficients. These 
coefficients do not indicate suitabliity of a capacitor for temperature compensation; they merely show how 
much or how little the capacitances may be expected to vary from rated and tolerance value when there 

are changes of temperature. 

A 
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MICA AND MOLDED PAPER CAPACITORS COLOR CODE 

COLOR DIGIT MULTIPLIER TOLERANCE WORKING CHARAC— 
NUMERAL (OR CIPHERS) VOLTAGE TERISTIC* 

Black 0 1 20% A 

Brown 1 10 1% 100 B 

Red 2 100 2% 200 C 

Orange 3 1,000 3% 300 D 

Yellow 4 10,000 4% 400 E 

Green 5 100,000 5% (LIMA ONLY) 500 F 

Blue 6 1,000,000 6% 600 G 

Violet 7 10,000,000 7% 700 

Gray 8 100,000,000 8% 800 

White 9 1,000,000,000 9% 900 

Gold 1/10 5% (JAN ONLY) 1000 

Silver 1/100 10% 2000 

No color 20% (RMA OLE)) 500 

* Characteristic 

A (black) 

B (brown) 

C (red) 

(orange) 

1: (yellow) 

F (green) 

G (blue) 

Temperature Coef.  

mmfd per timlf per °C. 

4- 100 

Not specified 

— 200 to + 200 

— 100 to -4- 100 

— 20 to 4- 100 

0 to 4- 50 

Oto— 50 

Capacitance Change 

(may indicate a loss factor) 

1- 0.5% 

0.2% 

0.05% 

0.025% 

0.025% 

Fig. 14-13 shows color coding used on tubular and cylindrical ceramic capacitors. At one end, usually 
out at the extreme end, is the color which shows temperature coefficient applying to the use of these units 
for temperature compensation when they are of suitable characteristics. Then follow four spots of color, 
which may be round dots or may be bands, but often are best described as small " blobs" of color. The 
first two colors refer to the first and second digits in the capacitance value. Then comes the color for a 
multiplier, and finally the color for tolerance. 

A 
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TEMPERATURE TOLERANCE 
COEFFICIENT 

DIGITS 1ST 12ND 

MULTIPLIER 

TEMP. TOLERANCE 
CO--

DIGITS 

2ND 

1ST 

MULTIPLIER 

COLOR 

Fig. 14-13. Positions of color code markings on ceramic capacitors. 

DIGIT 
NUMERAL 

CERAMIC CAPACITOR COLOR CODE 

MULTIPLIER 
TOLERANCE -1- Temperature 

If more than If 10 mmfd Coefficient 
10 mmfd or less 

Black 0 1 20% 2.0 mmfd Zero 
Brown 1 10 1% 0.1 mmfd — 30 
Red 2 100 2% 0:2 mmfd — 80 
Orange 3 1000 — 150 
Yellow 4 — 220 
Green 5 5% 0.5 mmfd — 330 
Blue 6 — 470 
Violet 7 — 750 
Gray 8 1;100 4- 30 
White 9 1/10 10% 1.0 mmfd Wide variation 

Note: No color in the tolerance position may mean that the capacitance is not less than the rated or marked 
value. 

Temperature coefficient is the change in mmfd per mfd of capa citance per centigrade degree of temper-
ature change. 
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Another of the accompanying tables shows how color coding is applied to ceramic capacitors of tubular 
or cylindrical shape. Note that tolerance here is in plus or minus percentage for capacitors whose capac-
itance is more than 10 mmfd, and is in plus or minus fractions of, or whole numbers of micro-microfarads 
for units whose capacitance is 10 mmfd or less. 

Many capacitor color codings other than those shown were used before the IIMA undertook standardization 
in this field, and some non-standard features still are in use. Such non-standard markings would be difficult 
to interpret without many additional tables or charts, and in any case the replacements would have to be 
made with newer units having standard markings or else plainly numbered with their values. 

It should go without saying that much of this lesson consists of reference data. Until you are working 
with resistors and capacitors, and have almost hourly need for deciphering the color codes, it would be 
largely a waste of time to attempt committing the details to memory. It may be well to remember the sen-
tence which helps tie the colors to their numbers, but tolerances, coefficients, and variations between 
coding systems will come without effort later on. 
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LESSON NO. 15 

GRID CIRCUITS AND GRID BIASING 

In one of the earlier lessons we talked about grid voltage and about grid bias. There it was stated that 
grid bias is the potential difference which exists between control grid and cathode of a tube when there is 
no varying signal voltage applied to the grid. We learned that bias voltage may be such as to make the grid 
either negative or positive with reference to the cathode. We learned also that with no biasing voltage at 
all, the average potential of the grid remains equal to cathode potential. This is the condition of zero grid 
bias. Another important thing brought out in that earlier lesson is this: The potential of the grid, whatewr 
it may be at any instant, always is measured with reference to the potential of the cathode. When we say 
that a grid is positive or is positively biased, we mean that the grid is positive with reference to the ca-
thode in the same tube, or is more positive than that cathode. When we say that a grid is negative or is neg-
atively biased, that grid is negative with reference to the cathode in the same tube, or is more negative 
than the cathode. 

Now we must learn about practical methods of obtaining grid bias voltages in television and radio re-
ceivers. Many facts relating to grid voltage and grid bias are illustrated by Fig. 15-1. In diagram "A", we 
have a 2-volt alternating (a-c) signal voltage applied between grid and cathode. There is no bias voltage, 
or there is zero bias, which means that grid potential would be the same as cathode potential before the a-c 
signal is ap plied. We assume, as always, that cathode potential remains constant and that the entire varia-
tion of signal voltage occurs at the grid. Cathode potential is considered to be zero potential. Grid voltage 
will vary as shown at the right, becoming alternately positive and negative with reference to the zero cath-
ode potential. Since we have a 2-volt alternating signal, the grid becomes alternately 2 volts positive and 
then 2 volts negative. 

A direct-current voltmeter connected between grid and cathode sides of the tube circuit will read zero 
voltage, which is the bias voltage. So long as the frequency of an alternating voltage acting on a d-c volt-
meter is 30 cycles or more, the meter pointer cannot vibrate rapidly enough to follow the changes of volt-
age. Even though the meter pointer could vibrate at such rates, your eye could not see the movements. 
Therefore, a d-c voltmeter connected between grid and cathode will read bias voltage in spite of the fact 
that an alternating signal voltage may be present at the same time. 

Now let's proceed to diagram "B" of Fig. 15-1. A 3-volt bias source has been inserted between cathode 
and grid. The positive terminal of this source is toward the grid, thus providing a 3-volt positive bias. Al-
ternating signal voltage always, adds to and subtracts from the bias voltage, so that actual voltage of the 
grid at every instant is the sum or the difference of signal and bias voltages. The result is shown at the 
right. The sum of signal peaks and bias voltage is 5 volts, the difference is 1 volt. Grid voltage swings al-
ternately from 5 volts positive to 1 volt positive, and back again. The d-c voltmeter reads 3 volts positive, 
which is the bias voltage. 
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Fig. 15-1. flow grid voltage is affected by biasing when the input signal remains unchanged. 

In diagram "C" of Fig. 15-1 the bias source has been turned around so that its negative terminal is to-
ward the grid. Now we have a 3-volt negative bias. Again the signal voltage adds to and subtracts from 
the bias voltage, with the result shown at the right. Adding 2 volts positive signal to 3 volts negative 
bias leaves the grid 1 volt negative. Adding 2 volts negative signal to 3 volts negative bias makes the 
grid 5 volts negative. 

A 
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Fig. 15-2. Grid current flows when there are incorrect relations between bias and peak voltage of the 
input signal. 

POSITIVE GRID POTENTIAL. In practically all amplifiers we wish to have what is called linear ampli-
fication this meansthat changes of signal voltage in the plate circuit of the amplifier tube remain exactly pro-
portional to changes of signal voltage at the grid. Anything else is non-linear amplification, more commonly 
called distortion of the signals. There are many possible causes for non-linear amplification. One fairly 
common cause is operation of the tube in such a way that the grid becomes positive with reference to the 
cathode. 

Incorrect relations between peak voltage of the signal and bias voltage may allow the grid to become 
positive as shown by Fig. 15-2. In diagram "A" we have the 3-volt negative bias used in diagrams "13" 
and " C" of Fig. 15-1, but now have a signal with 4-volt peaks instead of the former 2-volt peaks. As is 
clearly shown over at the right, every time the signal voltage goes through one of its 4-volt peaks it more 
than counteracts the 3-volt bias. At each peak of signal voltage the grid becomes momentarily 1 volt posi-
tive. This is a case of the signal being too strong for the existing bias. 

In diagram "B" of Fig. 15-2 we have gone back to the original 2-volt signal, but the bias has dropped to 
1 volt negative instead of the former 3 volts negative. Here again the grid is driven positive at every posi-
tive peak of the signal. The positive peaks more than counteract the bias voltage. 

One of the reasons why non-linear amplification occurs when the grid goes positive is because there are 
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flows of grid current. The positive grid acts like a positive plate. Electrons from the cathode are drawn into 
the grid. These electrons flow from the grid through grid-circuit resistor Rg and then back to the cathode. It 
takes only a small positive potential on the grid to attract a lot of electrons, for the grid is very close to the 
cathode and actually is right in the space charge which exists near the cathode. 

This electron flow into the grid is grid current. The grid current is subtracted from the current that should 
flow only in the plate circuit. What happens is best shown by using a mutual characteristic curve, as in Fig. 
15-3, to indicate relations between signals on the grid and in the plate circuit. Plate current should increase 
steadily and uniformly as grid voltage becomes less negative. Such an increase of plate current would be re-
presented by the full-line curve. But when grid voltage goes over onto the positive side of the zero line, the 
current subtracted from the plate and diverted into the grid makes the curve bend over as shown by the brok-
en line portion at the top. 

Changes of plate current and of signalin the plate circuit have a linear relation to the grid signal so long 
as the grid is negative. But when the grid becomes positive, at positive peaks of the grid signal, the posi-
tive peaks of plate current are chopped off. The changes of plate current are not alike at the positive and 
negative peaks, and there is a distorted signal in the plate circuit. 

Fig. 15-3 Grid current causes cut-off at the tops of plate current alternations. 
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Fig. 15-4 There is linear amplification whensignal voltage acts only on the straight portion of the 
mutual characteristic curve. 

The flattening of plate current peaks in Fig. 15-3 is somewhat exaggerated so far as its being caused by 
current diversion is concerned, but it is not an exaggeration of what really happens to plate current. The 
contributing cause is this: Grid current which flows in grid circuit resistance Rg of Fig. 15-2 requires en-
ergy or power to cause the flow. This energy can come only from the source of grid signal voltage. Grid bias 
voltage comes from the bias source, and plate signal voltage and power come from the power supply, but sig-
nal voltage has to come from some other part or some other circuit which precedes the circuits of the ampli-
fier tube. In nearly every case this source of signal voltage is something which cannot furnish any appre-
ciable power without allowing the signal voltage to cease rising. Consequently, when the signal source is 
called on for power to cause grid current, this source simply lies down on the job and stops increasing its 
voltage at the instant in which grid current commences. The end result, so far as plate current andplate sig-
nal are concerned, is as shown by Fig. 15-8. 

EXCESSIVE NEGATIVE BIAS. To have linear amplification or distortionless amplification the prime re-
quirement is to keep the grid signal voltage on the straight portion of the mutual characteristic. Such per-
formance is represented by Fig. 15-4. Where the characteristic curve is straight, or nearly so, changes of 
plate current will be proportional to changes of grid voltage, or nearly so. The bias must be sufficiently 
negative that the grid cannot be driven positive by peaks of the applied signal. The signal must not be so 
strong as to overshoot the straight portion of the characteristic curve. If a longer straight portion is required 
it may possibly be obtained by using higher plate and screen voltages, with suitable bias, or maybe a dif-
ferent type of tube will be needed. 

In Fig. 15-4 the changes of grid signal voltage from zero to positive peaks are equal to the changes from 
zero to negative peaks. Resulting increases of plate current which have amplitude a are equal to the de-
creases which have amplitude b. Now look at Fig. 15-5. Ilere the bias has been made more negative. It is 
too far negative for the signal voltage at the grid to remain on the straight portion of the characteristic 
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Fig. 15-5 Excessively negative bias causes distortion. 

curve. Changes of grid signal voltage from zero to positive peaks cause proportional rises of plate current 
in the upward alternations a. But changes of plate current in downward alternations b are not proportional to 
negative changes of grid signal voltage, nor are they like the upward alternations of plate current. 

were the bias made even more negative than in Fig. 15-5 the negative alternations of grid signal voltage 
would make the grid more negative than the value for plate current cutoff, Then the downward peaks of plate 
current would be flattened out to a still greater extent. There are a number of television circuits in which 
the grid bias is intentionally made so strongly negative that there is plate current cutoff and flattening of 
the bottom loops of plate current. There also are television circuits in which a considerable grid current is 
intentionally caused, producing the effect shown by Fig. 15-3. For any one type of tube, with certain plate 
and screen voltages and a certain grid signal voltage, the mode of operation and the shape of the output sig-
nal voltage is a matter of choosing the required grid bias. 

SOURCES OF BIAS VOLTAGE. All early receivers obtained voltages for plates, screens, and filament-
cathode heating from batteries. Bias voltage for tubes in those sets was obtained from dry cell batteries 
called " C-batteries" connected as are the bias sources shown in Figs. 15-1C and 15-2. In modern battery-
operated portable receivers the grid biases are obtained from voltage drops in the filament-cathode circuits 
and sometimes from voltage drops in plate-power supply circuits, to the neuative ends of which are connected 
the grid circuits. 

The only other type of bias source which at all resembles the C-battery is the bias cell. The cell con-
sists of a black disc about a half- inch in diameterenclosed within an acorn shaped metal cup about0.3 inch 
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from front to back and 5/8 inch in diameter. The surface of the black disc is the positive terminal. The 
metal cup is the negative terminal. The bias cell will furnish no current, but has an emf or terminal poten-
tiol difference of 1.25 volts, plus or minus 10 per cent. These cells can be used for biasing in grid circuits 
which carry alternating currents, but not where there will be direct current through the cell. For bias volt-
ages in multiples of 1.25 volts, it is possible to connect two, three, or four cells in series. Life isindefi-
nitely long if the cells are not abused or overloaded with direct current. 

There are three principal methods of biasing in which the voltages are obtained entirely from the receiver 
circuits and power supply rather than from batteries or cells. One method is called cathode bias or self-bias. 
Bias voltage is obtained from the potential drop across a resistor connected in series with the cathode of 
the tube. A second method is called fixed bias. Bias voltage is obtained from the drop across resistors 
which are part of the power supply system for plate and screen voltages. A third method is called grid-leak 
bias or grid rectification bias. The bias voltage is obtained from potential drop across a resistor in the grid 
circuit. Cathode bias and fixed bias are used in both television and radio receivers. Grid- leak bias is unim-
portant in radio receivers, but serves many important purposes in television sets. A tube may be biased in 
any desired manner whether the tube is a triode, a pentode, or a beam power type. Biasing principles illus-
trated for any one of these types will apply also to the other types. 

CATHODE BIAS. The elementary principle of cathode bias or self-bias is illustrated by Fig. 15-6, where 
directions of electron flow in plate and screen circuits are shown by arrows. Electron flows for both plate 
and screen originate at the cathode inside the tube. The total flow then goes through the external circuit 
parts, which include the power supply, and returns to the cathode through resistor Rk. Direction of electron 
flow in Rk is such that we know the top end or cathode end of this resistor is positive with reference to the 
lower end, or we may say that the lower end is negative with reference to the cathode end. 

The grid of the tube connects through grid resistor Rg to the lower end of resistor Rk. Thus the grid is 
connected to a point which is more negative than the cathode, and the grid is thus negatively biased. Be-
cause the grid is negative there is no electron flow from cathode into the grid and no flow through resistor 
Rg. With no electron flow in Rg. there can be no difference of potential across this resistor. Consequently 
the grid potential is the same as the potential at the bottom of resistor Rk, and the grid bias voltage is 
equal to the potential difference across Rk. This resistor Rk may be called the cathode resistor or the 

cathode-bias resistor. • 

Rg 
Rk 

POWER SUPPLY 

Fig. 15-6 Electron flows in circuits of a tube which has cathode bias. 
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Fig. 15-7 Signal voltage changes plate current in a mariner which causes cathode bias to 
oppose these changes. 

To determine the number of ohms resistance in the bias resistor for any required number of volts of grid 
bias we use our regular formula for resistance in ohms. The number of volts to be used in the formula is the 
bias voltage. The number of milli-amperes is the total cathode current. This total current is the same as 
plate current in a triode, and is the sum of plate and screen currents in pentodes and beam power tubes. Then 
we have, 

Ohms in bias 1000 x grid bias volts  
resistor milliamperes, total cathode current 

As an example, assume you are working with a tube having 2.9 ma plate current, 0.9 ma screen current, 
and you wish to have a 3-volt bias. Here is the solution. 

Ohms 
1000 x 3 _ 3000  
2.9 + 0.9 — 3.8 — 

790 ohms ( approximate resistance value) 

There are no standard resistors rated at 790 ohms. In preferred values of 5% tolerance there would be re-
sistors of 750 or 820 ohms, which would be about 5% too little or 4% too large were the values exactly as 
marked, or 9% too little or too large were the resistors at their tolerance limits in one direction, or almost 
"on the head" with tolerance limits in the other direction. There are standard resistors rated at 800 ohms 
with 5% tolerance, which are not of the preferred value type. The chances are that performance would be 
satisfactory with any of these resistors. 

Cathode bias has a rather peculiar effect on amplification. What happens, and why, is illustrated by Fig. 
15-7. In diagram " A" there is no applied signal. Plate current is 8 ma. This current flows in resistor Rk, 
whose resistance is 500 ohms. Your regular formula for volts shows that potential difference across Rk must 
be 4 volts. Therefore, the grid bias and also the grid voltage are 4 volts negative. 
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In diagram "B" the signal is 2 volts positive, with the result that plate current becomes 10 ma. 1Vith 10 
ma in the 500 ohms resistance of Rk the potential difference across this resistor must be 5 volts. This po-
tential difference is grid bias, so the bias has been made 5 volts negative. The change of signal voltage is 
such as causes an increase of plate current. But this very increase of plate current makes the grid bias more 
negative, and the effect of an increasingly negative grid bias is to decrease the plate current. The bias 
changes in a way that opposes the effect of the signal. Amplification is less than it would be with some 
type of bias that does not vary with variations of signal voltage. 

In diagram " C" the signal has become 2 volts negative, with the result that plate current drops to 6 ma. 
With 6 ma in the 500 ohms resistance of Rk the potential drop across this resistor must be only 3 volts. 
Since this drop forms the grid bias, grid bias must now be 3 volts negative. The bias has been made less 
negative than at diagram "B". Making a bias less negative tends to increase the plate current. But the 
thing which makes the bias less negative is the change of signal voltage in a direction which decreases 
plate current. Again the bias changes in a way which opposes the effects of the signal. 

Cathode bias always changes in such manner as to oppose the effects of signal variations, and changes 
in such manner as to oppose all changes of plate current no matter what the reason for current change. This 
is an advantage when making tube replacements. Tubes of the same type do not have absolutely uniform 
characteristics, If a new tube permits greater plate current with the same voltages as applied to the original 
tube, the change of bias from a cathode resistor tends to lessen the plate current. If the new tube allows 
less current, the bias automatically changes to increase this current. 

BYPASSING FOR CATHODE BIAS. In order to lessen the effect of signal voltage variations on grid bias, 
the bias resistor which is in series with the cathode may be "bypassed" with a capacitor as shown in Fig. 
15-8. Incidentally, this diagram shows also that all connections to the negative side of the power supply 
are most often completed through ground or through the chassis metal. 

The variations of cathode current which are the result of variations in signal voltage are really an alter-
nating current. This alternating current in the cathode bias resistor may be thought of as combined with a 

SIGNAL INPUT 

Ck 

111IM 

POWER SUPPLY 

Fig. 15-8 Bypass capacitor on the cathode-bias resistor. 
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direct current. The cathode current flows always in the same direction, electrons always flow toward the 
cathode, and so this current is a direct current. But there are variations in the direct current, and the vari-
ations would be an alternating current corresponding to the alternating signal voltage were the current vari-
ations to exist by themselves. 

Since variations of current in the cathode resistor are the equivalent of an alternating current, and since 
alternating current may flow in a capacitor, the signal variations of current may flow in bypass capacitor 
Ck of Fig. 15-8 instead of in resistor Rk. 

whether the alternations of current act in the resistor or in the capacitor depends entirely on the relative 
oppositions of these two units to flow of current in them. Opposition of the bypass capacitor is measured 
in ohms of capacitive reactance, while opposition of the bias resistor is measured in ohms of resistance. 
Obviously, if the opposition of the resistor is something like ten times as great as opposition of the cap-
acitor, most of the current alternations will take the easier path through the capacitor. In fact, ten times as 
much of the alternating current would flow in the capacitor as in the resistor. The relatively small alterna-
tions or fluctuations of current remaining in the bias resistor would cause proportionately small variations 
of grid bias. Then the grid bias would remain quite constant, and would oppose in a less degree the changes 
of plate current and changes or effects of signal voltage. 

Capacitive reactance varies with frequency, and the capacitance needed to provide any particular react-
ance in ohms must also vary with frequency. Supposing we have 500 ohms resistance in a biasing resistor 
and wish to have one-tenth as many ohms, or 50 ohms reactance in the bypass capacitor. At a frequency of 
60 cycles we shall need about 53.3 microfarads of capacitance. At a frequency of 60 megacycles the same 
bypassing effect is obtained with capacitance of about 53.3 micro-microfarads. In later lessons we shall 
have more to do with the matter of correct bypassing. 

Two ormore tubes maybe biased with a single cathode resistor as shown in Fig. 15-9. Current in the bias-
ing resistor then is the sum of all the plate and screen currents of the tubes whose cathodes are connected 

TC 

Fig. 15-9 Several tubes may be biased with a single cathode bias resistor. 
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Fig. 15-10 Connections for fixed bias. 

to this resistor. The grids in all the connected tubes will be biased with the same number of volts. Changes 
of plate current or of screen current in any one of the connected tubes will alter the bias, not only in this 
tube but also in all other tubes connected to the single bias resistor. 

FIXED BIAS. The elementary principle of fixed bias is illustrated by Fig. 15-10. Although the diagram is 
simple, it will bear careful study, for this is the first time we have looked at a complete system of plate, 
grid, and cathode circuits with their connection through a power supply to the a-c light and power line. For 
the time being, we need pay little attention to parts and connections of the power supply which are within 
the broken line enclosure. It is enough to note the rectifier which produces pulses of direct current from the 
alternating voltage of the a-c line, and the two capacitors and a resistor which act as a " filter" for smooth-
ing the pulses into a fairly steady direct current or electron flow. Directions of electron flow in all the con-

ductors are shown by arrows. 

Electron flow from the lower side of the line plug goes through the power supply to the negative terminal, 
thence upward through resistorRa.Part of this electron flow from the top ofRa goes through the ground con-
nections and metal of the chassis to the cathode of the amplifier tube. This portion of the total current goes 
through the amplifier, out by way of the plate, then through the plate load resistance Ro and to the positive 
terminal of the power supply. Were the amplifier to have a screen element, we would similarly trace the screen 
electron flow or current from the tube cathode to the screen and to the positive terminal of the power supply. 
A small portion of the total electron flow through resistor Ra goes on up through resistor Rb and from there 
to the positive terminal of the power supply. All electron flow coming back to the positive terminal of the 
power supply goes through the internal filter resistor and from cathode to plate in the rectifier tube on its 

way to the upper side of the line plug. 

Grid bias in this circuit is the potential drop across resistor Ra. Electron flow is upward in Ra, so we 
know that the bottom of this resistor is negative with reference to the top. The amplifier grid is connected 
through resistor Rg and the bias connection to the negative end of bias resistor Ra, while the amplifier ca-
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Fig. 15-11 Fixed bias with a rectifier used for this purpose alone. 

thode is connected through ground to the top of Ra. Consequently, the amplifier grid is negative with refer-
ence to its cathode, and the grid is negatively biased. 

With the very simple system of Fig. 15-10 the biasing current through resistor Ra is only the amplifier 
plate current plus the small additional current which goes on through resistor Rb. Here the grid bias for the 
amplifier would be affected by every change of plate current except for the bypassing of capacitor Ck. Do 
you see that this capacitor really is connected across resistor Ra? The left-hand end of the capacitor is di-
rectly connected to the bottom of resistor Ra through the bias connection The right-hand end of the capaci-
tor is connected through ground to the top of Ra. 

Resistor Rb is called a bleeder resistor, because it is continually bleeding some current or electron flow 
from the negative to the positive side of the power supply. Current through Rb is called bleeder current. 
Note that current in bias resistor Ra is the sum of amplifier plate current and bleeder current. If bleeder re-
sistance is rather small, so that bleeder current is large in proportion to amplifier plate current, then most 
of the current in bias resistor Ra will be bleeder current. Large changes of plate current then will cause 
only small changes of total current in Ra, for amplifier plate current is only a small part of the total. This 
means that grid bias will be affected only slightly by changes of plate current in the amplifier, and we have 
what correctly may be called fixed bias. On the other hand, if bleeder current is small in comparison with 
amplifier plate current, every variation of plate current will have a large effect on potential drop in resistor 
Ra and on grid bias. Then we do not have real fixed bias. 

By dividing the biasing resistance into several sections it becomes possible to obtain a number of dif-
ferent bias voltages. Bias connections from the grids of different tubes may be connected to whateverpoints 
along the biasing resistance give the desired number of negative bias volts. 

In some receivers you will find a rectifier used exclusively for producing direct current and a direct po-
tential difference employed for grid biasing. Such a method is illustrated by Fig. 15-11. The rectifier is not 
a tube, it is a contact rectifier or a crystal rectifier with which INe shall become better acquainted later on. 
One side of the rectifier is connected to any point in the circuit which furnishes 6.3-volt alternating current 
for the heaters in the receiver tubes. Any other a-c source mighi be used, but this one is already installed 
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Fig. 15-12 Only the grid and the cathode are active in furnishing grid- leak bias. 

and adds nothing to costs. The other side of the rectifier connects through bias resistor Rb to ground, and 
through ground back to the other side of the a-c source. Across resistor Rb is connected capacitor Cf which 
acts as a filter capacitor for the pulses of rectified direct current and helps change the pulses to a smooth 
flow in resistor Rb. 

Directions of electron flow for biasing are indicated by arrows. The flow is downward in biasing resistor 
Rb, which means the top of Rb is negative with reference to the bottom. The grids of biased tubes are con-
nected to the upper negative end of resistor Rb, and the cathodes connect through ground to the lower end. 
Thus the grids are negatively biased with reference to the cathodes. 

GRID-LEAK BIAS. The third common method of biasing which we shall discuss is usually called grid-
leak bias, although it may be called grid leak-capacitor bias or grid rectification bias. Connections for a 
tube with grid-leak bias are shown at diagram " A" of Fig. 15-12. In series between the grid and the source 
of alternating signal voltage is a grid capacitor Cg. A grid resistor, Rg, called the grid leak, is connected 
from the grid to the cathode either directly or through ground. Grid- leak bias may be used for triodes, pen-
todes, or beam power tubes, but no matter what the type of tube, the only elements which take any part in 
the biasing action are the grid and the cathode, as shown at " B". Grid leak bias is applied to oscillators, 
to mixers, to certain classes of high-power audio amplifiers, to television sync limiters, and to some sync 
amplifiers. 

The beginning of the biasing action is shown in diagram " A" of Fig. 15-13. At the instant here repre-
sented the signal voltage is of positive polarity at the connettion to the grid capacitor, and is negative at 
the connection for the tube cathode. Electrons are withdrawn from the side of the grid capacitor toward the 
signal source. Electrons then must flow into the opposite side of this capacitor. These other electrons flow 
as shown by arrows from the negative side of the signal source to Rg and the tube cathode, from cathode to 
grid within the tube, and from grid and Rg to the side of the capacitor which is receiving a negative charge. 
The cathode has been made negative by its direct connection to the signal source. The grid has bien e tir' 
positive because electrons which first flowed into the cap.icitor throughlig were taken fr,)m the grid to I: t'. 
the grid deficient in electrons. The potential difference acros ,I k pozsitive bias for tL grid. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 15 — Page 14 

During the following half- cycle of signal voltage we have the conditions shown at "B" in Fig. 15-13. 
Signal polarity has reversed. Electrons from the signal source are being forced into one side of the capaci-
tor and forced out of the other side. The electrons leaving the side of the capacitor which is toward the grid 
cannot pass from grid back to cathode through the tube because there can be no electron emission from the 
cold grid with the small potential existing here, and electrons would not flow from the negative grid to the 
positive cathode. Consequently, these electrons flow downward through grid resistor Rg. This direction of 
flow means that the upper end of Rg, connected to the grid, is negative with reference to the lower end, con-
nected to the cathode. The potential difference across Rg is negative bias for the grid. 

During this first cycle of signal voltage the capacitor is charged during all the time that the grid is held 
positive, for during all this time there is flow of grid current through the tube and Rg into one side of the 
capacitor. There is discharge through the grid leak during the half-cycle in which the grid is negative and 
the cathode positive. Let's assume that we make the grid leak resistance so great that the capacitor can 
discharge only slowly. This means making the resistance so great that the potential of the charged capaci-
tor can cause only a small current in the resistor. At the end of this half- cycle of discharge only part of the 
charge has leaked off the capacitor. Then begins another positive half-cycle, during which the capacitor 
again is charged. This is followed by another negative half-cycle during which there is slow discharge. Only 
a few cycles are required before the charging pulses have to do nothing more than replace the slight losses 
of charge which occur during alternate half-cycles. 

At "A" of Fig. 15-14 are represented alternate charges and discharges of the grid capacitor. At "B" is 
represented the alternating signal voltage. As the capacitor accumulates more and more charge and more 
and more potential difference between its plates, the signal voltage has to rise higher and higher before it 
can overcome the capacitor voltage and add still more charge. Consequently, the charging times and the 
charging currents become smaller until the currents are merely brief pulses which replace the charge lost 
through the grid resistor. 

The capacitor acts much like a tank for electrons. Electrons leak out of the tank through the grid resistor 
at a practically steady rate, This constant leakage is replaced by intermittent spurts of electrons forced into 

Fig. 15-13 Electron flows during alternate half-cycles of signal voltage when there is 
grid-leak bias. 
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Fig. 15-14 With grid-leak bias only brief pulses of grid current are needed to keep the grid 
capaeitor charged 

the capacitor by the signal voltage peaks. The practically steady electron flow through the leak resistor 
means that there is a practically steady potential drop across this resistor. This potential drop is negative 
bias voltage for the grid. 

The greater the resistance of the grid leak the more charge is retained in the capacitor and the higher be-
comes the average voltage of the capacitor. Thus the grid bias voltage is increased or the bias is made more 
negative by using more leak resistance. Increasing the capacitance of the grid capacitor causes some in-
crease of bias voltage, but nowhere near as much as an increase of leak resistance. 

Signal pulses such as shown at " 13" of Fig. 15-14 act through the grid capacitor to vary the instantan-
eous voltage of the grid, while the average voltage or the bias is maintained by the action which has been 
described. The instantaneous variations of grid voltage act on the electron stream from cathode to plate, 
and cause signal variations of plate current and plate voltage in the usual manner. 

Pulses of charging current for the grid capacitor come through Rg and the grid of the tube, which means 
grid current. Grid current causes distortion of the output signal. The very small pulses of grid current do 
not cause much distortion, but there is enough to limit the use of grid-leak bias to applications in which 
distortion does no harm or in which the distortion is compensated for by other means. 

Grid-leak bias voltage is produced as a result of signal voltage. If no alternating signal voltage is ap-
plied to the grid circuit there can be no grid-leak bias; or rather there will be zero bias. Except with low 
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Fig. 15-15 Connections for capacitor and leak resistor with grid-leak bias. 

values of plate and screen voltages, or with tubes whose plate resistance is very high, the plate current 
with no signal and zero bias may become so large as to damage the tube or other parts in the circuits. Ca-
thode bias or else fixed bias often is used in addition to grid-leak bias. These other methods of biasing 
provide enough minimum negative bias to prevent excessive plate current with no signal. When a signal is 
applied, the bias is made still more negative by the grid-leak action. 

Connections for the capacitor and leak resistor used with grid-leak biasing may take the form of any of 
those shown in Fig. 15-15. The coil orinductor in each diagram represents any source of signal voltage. At 
"A" is the same arrangement of parts used in Figs. 15-12 and 15-13. At " F3" the leak resistor is connected 
across the capacitor. Electron flow in the resistor here goes through the signal spurce, through ground, and 
thence to the cathode of the tube. At " C" the leak resistor again is connected across the capacitor, but 
here both these units are on the ground side or cathode side of the signal source rather than on the gridside. 

CATHODE RETURN CIRCUITS. In all the grid circuits which have been examined, and in every other grid 
circuit, it is possible to trace all the way from the grid to the cathode, outside the tube, without having to 
go through a capacitor. This is the same as saying that every grid circuit consists of conductive connect-
ions, no insulators, for its entire length. We speak of the grid connection to the cathode as the grid return. 
In Fig. 15-16 the grid return is from the grid through resistor Rg, then resistor Ra, and ground, back to the 
cathode. 

A conductive grid return is necessary in order to maintain a grid bias or a grid potential, which is re-
ferred to the cathode. The bias is a steady voltage, not alternating in itself, and any such voltage or the 
current it might cause would be blocked by the insulating dielectric in any capacitor. Without a conduc-
tive grid return we have what is called a"free grid" or a " floating grid'. A free grid collects negative free 
electrons from the space charge, and cannot get rid of them. Then the negative free grid blocks plate cur-
rent, and causes erratic performance in general. 

There must be also a conductive return path all the way from the plate to the cathode through external 
A 
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Fig. 15-16 Return circuits to the cathode from grid, plate, and screen. 

SIGNAL OUTPUT 

POWER SUPPLY 

connections. The plate return circuit of Fig. 15-16 goes from the plate through resistors Ro and Rd to the 
positive terminal of the power supply, through the power supply to its negative terminal, thence through 
resistor Ra and ground to the cathode. 

There must be a conductive plate return in order that direct electron flow or direct current may flow in 
the plate circuit. It is this direct current that is varied for the alternating signal current and voltage. In Fig. 
15-16 the output signal is taken from the plate through capacitor Cc. The one-way or direct portion of the 
plate current cannot get through capacitors, so must be provided with a conductive plate return circuit. 

There is direct electron flow or direct current also between cathode and screen, and this direct current 
must be provided with a conductive path (no capacitors) from screen back to cathode outside the tube. The 
screen return of Fig. 15-16 is from the screen through resistor Rs to the positive terminal of the power sup-
ply, then through the same path as the plate return back to the cathode. 

Fig. 15-17 shows cathode return points for battery operated filament-cathode tubes. Returns from the 
grid (G) always are made to the end of the filament-cathode which is connected to the negative side of the 
battery used for filament heating. This connection provides negative grid bias equal to half the potential 
difference across the filament, because the negative side of the filament is more negative than the aver-
age potential by half the potential difference. If the grid return is made to the end of the filament that 
connects to the positive of the heater battery, the bias will become more positive than the average poten-

A 
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Fig. 15-17 Cathode returns for tubes with battery operated filament-cathodes. 

tial of the filament cathode. The difference between negative bias with one connection and positive bias 
with the other is equal to the full potential difference across the filament. Additional bias may be provid-
ed by means of a fixed bias or by means of grid-leak bias. 

Returns from screens (S) and from plates (P) may be made to the side of the filament that is connected to 
the positive of the heater battery. This connection adds to the plate and screen voltages an extra voltage 
equal to half the potential difference across the filament. If the extra plate and screen voltages are not par-
ticularly desired, the plate and screen returns may be made to the negative end of the filament. Such a con-
nection is made in diagram " D". 

A-, B-, AND C-VOLTAGES. As has been mentioned, all the early receivers obtained all their power from 
batteries. The battery used for heating the filament-cathodes was called the A-battery, and voltage from that 
battery sametimes was called A-voltage.When automatically charged batteries and other line-powered fila-
ment heating sources were used they were called A-power supplies. Such use of the letter "A" has all but 
disappeared. 

Batteries furnishing voltage and current for plates and screens were called B-batteries. Supply voltages 
for plates and screens were called B-voltages. Power supplies for plates and screens were called B-power 
supplies. Today we still have B-batteries for portable battery-operated radio receivers. We still speak of B-
power supplies. In fact, all the power supplies which have been shown and mentioned in all the lessons to 
and including this one are correctly called B-power supplies. These power supplies furnish B-voltages for 
plate and screen circuits. From the positive side of the B-power supplies we have B-plus or B+ voltages, 
and from the negative side have B minus B— voltages or potentials. The letter"B" is just as much alive as 
ever, and from now on we shall use it regularly. 

Batteries furnishing grid bias voltage for early receivers were called C-batteries, and their voltages often 
were referred to as C-voltages.C-batteries still are used in a few applications, but bias voltage for battery-
operated receivers more often is secured from the B-battery circuit in much the same manner as employed 
for fixed bias systems. 
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MAGNETS IN TELEVISION AND RADIO 

THE NEED FOR TUNED CIRCUITS 

We have accumulated much information about the electrical behavior and practical applications of resis-
tors, capacitors, and tubes. But no combination of these elements alone would allow tuning to a radio or 
television program. Even if we could get signals through the tuner we couldn't make the i-f amplifier select 
the one carrying a desired program. And if the i-f amplifier would work we still couldn't operate a sweep 
circuit for television, nor any kind of loud speaker except types popular twenty years ago. Of course, you 
know the reason for all these difficulties, we would have no inductors or coils. 

The first thing we need in any receiver is tuned circuitse, for without such circuits there is no chance of 
separating signals of one station or one channel from those of other stations or channels. To build tuned 
circuits of practical usefulness requires inductors. Next we need great amplification for limited bands of 
carrier frequencies and intermediate frequencies, but there can be no such amplification without resonant 
circuits, and resonance requires inductors. We should like also to use picture tubes with magnetic deflec-
tion and focusing, but here again we need inductors. Finally, all modern speakers use inductors, and most 
of them use magnets as well. 

It happens that everything related to the basic principles of tuning and resonance, and everything about 
magnetic deflection and focusing, and most of the principles of loud speakers — all these have their begin-
nings in the principles of magnets and magnetism. We could devote several lessons to magnetism alone, and 
all would be interesting, but instead, the essential facts will be presented and limited to those which are 
related in one way or another to radio and television. The relation of some of the facts to practical applica-
tions may not be immediately apparent, but as we proceed it will become plain that each is necessary for 
full understanding of what is to come. 

It is not so important to remember every little detail about magnetism and magnetic circuits as to gain a 
good overall comprehension of how so many processes important in reproduction of pictures and sound are 
tied together by the simple beginnings from which all have been developed. 

All of us have played with or experimented with small toy magnets at one time or another. These are so-
called "permanent" magnets, made of hard steel. A magnet will strongly attract and may pick up nails and 
other articles made of iron or steel, but will refuse to attract objects made of copper, brass, aluminum, or 
any metal other than iron or steel, and will refuse to pick up anything which is not a metal. The usual def-
inition of a magnet says it is a body which attracts iron and steel. 

For all practical purposes, magnets and all substances having magnetic properties contain iron in greater 
or less proportions. Steel is merely a form of iron which contains carbon. The metals nickel, cobalt, gado-
linium, and some alloys are weakly magnetic, but these materials do not interest us at present. 
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Fig. 16-1. How the magnet and paper are used for "mapping" magnetic fields. 

The useful thing about a magnet is the force which extends through space around it. It is this force which 
exerts attraction, but in radio and television we are not at all interested in the ability of magnets to attract 
iron and steel. Instead we are interested in the ability of this magnetic force to move electrons, and are in-
terested in changing the energy of moving electrons into magnetic force, and in using the magnetic force 

to move electrons. 

It is quite easy to see the directions in which magnetic force is acting, or to see the lines along which 
it acts in the space around a magnet. The experiment requires a U-shaped or horseshoe permanent magnet 
supported with its two "poles" upward as at "A" in Fig. 16-1, and resting on the poles a sheet of stiff 
paper or light cardboard as at "B". When iron filings are sprinkled from a height of about a foot onto the 
paper or cardboard, the filings arrange themselves in a pattern of the general form shown by Fig. 16-2. 

This is an actual photograph. 

It is plain to be seen that the magnetic force is acting along very definite lines between the poles of the 
magnet. These are lines of magnetic force. If a very small magnet could be so freely supported as to float 
in the space around the poles, that magnet would move from one pole to the other along the line of force on 

which the small magnet happened to be placed. 

The space in which there is magnetic force and magnetic lines of force is called the magnetic field. The 
field around a magnet extends outward to an indefinite distance, but becomes rapidly weaker as we move 
away from the magnet. The intensity of the magnetic field and magnetic force is much greater near the mag-

net poles than far from them. 

The magnetic field and its lines of force radiate in all directions from the poles, not only in a single 
plane as shown by Fig. 16-2. At "A" in Fig. 16-3 the paper has been supported a short distance from the 
poles and at "B" it has been supported still farther from the poles. The two patterns give an idea as to 

how the lines extend through space. 

If any magnet is supported so that its two poles may move in a horizontal plane, the magnet will swing 
around until one pole is toward the geographical north and the other toward the geographical south. The 
north-pointing pole is called the north pole of the magnet, and the south-pointing pole is called the south 
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pole. For convenience and uniformity in making explanations of magnetic actions, it is assumed that lines 
of force issue from the north pole, pass through curved paths between the poles, enter the south pole, and 
pass through the interior of the magnet to again come out at the north pole. It must be remembered that 
nothing actually is moving along these lines; their direction is purely imaginary. The assumed directions 
are shown for a U-shaped magnet and for a straight or bar magnet at "A". Fig. 16-4. 

If the poles of two magnets are brought close together there may be either attraction or repulsion. As 
shown in "B" of Fig. 16-4, if the two poles are alike, both north or both south, there is repulsion. Unlike 
poles, north and south, have attraction for each other. Repulsion of like magnetic poles is similar to repul-
sion of like electric charges, and attraction of unlike poles is similar to attraction between unlike electric 
charges. 

A north pole cannot exist without a south pole in the same magnet, nor can a south pole exist without a 
north pole. There may be more than one north pole or more than one south pole, but there must be at least 
one of the opposite kind. With two opposite poles, their field strengths or intensities must be equal. The 
total strengths of all north poles must equal the total strengths of all south poles. 
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Fig. 16-2. Iron filings show directions of magnetic lines of force between the poles. 
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Fig. 16-3 A 
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Fig. 16-3R Field lines extend above and around the poles as shown here. 
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Fig. 16-4. Magnetic poles which are alike repel each other, but opposite poles attract. 

When an unmagnetized piece of iron or steel is brought near the north pole of a magnet, the piece of iron 
or steel is magnetized and its end nearest the north pole becomes a south pole. If the end of the piece of 
iron or steel is brought near the south pole of a magnet, that end becomes a north pole. A magnetic pole 
always induces a pole of the opposite kind. 

When one magnet is in the field of another magnet, as at "A" in Fig. 16-5, the first magnet tends to turn 
until the lines of force through it extend in the same direction as the field : ines, as shown at " B". This 
turning effort is called magnetic torque. 

The magnetic field and magnetic lines of force pass tfrough all non-magnetic substances just as though 
those substances did not exist. Forces of attraction and repulsion at any given distance from the pole of a 
magnet have exactly the same strength whether the intervening space is a vacuum, or is filled with air, 
brass, paper, glass, aluminum, or anything else which is not iron or steel or which does not contain iron or 
steel, or is not a magnetic alloy. There is no such thing as an insula tor for magnetism. 

It is so much easier for the magnetic field, or force, or effect, to pass thrcugh iron or steel than through 
anything else that the field may be directed or confined as in Fig. 16-6. As at "A", any piece of iron or 
steel near the magnet will draw into that piece nearly all the field lines. Even though the path through 
pieces of iron and steel is relatively long and broken up, as at " B", most of the field lines still will fol-
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Fig. 16-5. A magnet turns to place its own lines in the same direction as the lines in a 

surrounding field. 

low the longer but easier path. A complete enclosure of iron or steel, as at "C", forms a magnetic shield. 
The field outside the shield will be zero for all practical purposes. 

Permanent magnets are used chiefly in the type of loud speaker called a permanent-magnet or "PM" 
speaker, in some forms of ion traps for magnetic picture tubes, in some types of magnetic focusing for pic-
ture tubes, and in all common types of voltmeters and current meters. Fig. 16-7 is a picture of a circular 
permanent magnet forming the largest single part in the "movement" of a current measuring meter. 

Permanent magnets are used where the need is for a magnetic field of constant strength. After being cor-
rectly prepared or "aged" after manufacture, these magnets will maintain a uniform strength for an indef-
inite time unless subjected to abuse. Most permanent magnets are made of carbon steel, or of alloys con-
taining chromium, tungsten, or cobalt, or alloys containing aluminum, nickel, and cobalt which go by the 
trade name Alnico. Alnico magnets are much used in radio and television because of their small size for 
any given field strength. For the same ability to maintain an external field, Alnico magnets of types, I, II, 
III, and IV need be only about one-sixth the weight of chrome or tungsten magnets, and a magnet of Alnico V 
may weigh only about one-eighteenth as much. 

ELECTROMAGNETS. In Fig. 16-8 is a coil of insulated wire from which two connections go to a source 
of current. Through the center of the coil are rods of iron, and on opposite ends of these rods are blocks of 

11A9, 

Fig. 16-6. Magnetic fields may be diverted or confined by iron or steel. 
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Fig. 16-7. In this "movement" of a current meter the large circular part is a permanent magnet. 

soft steel. A sheet of light cardboard was laid over the steel blocks, just as over the poles of the permanent 
magnet in Fig. 16-1B, and iron filings were sprinkled onto the cardboard while current flowed in the coil. 
Fig. 16-9 is a photograph of the iron-filing pattern. Compare this picture with the one in Fig. 16-2. 

(5)Here we have seen the action of an electromagnet. An electromagnet consists of a center or "core" of 
iron or soft steel wholly or partially surrounded by a winding of insulated wire in which an electric current 
causes the iron to become a magnet. As soon as current ceases to flow, the iron core loses practically all 
its magnetic properties. Everything which has been said about magnetic lines of force, about their fields 
and assumed directions, about attraction, repulsion, and torque, and about north and south poles in general 
applies to electromagnets exactly as to permanent magnets. 

In Fig. 16-10 we have the same coil of insulated wire as in Fig. 8, but now the iron core has been 
removed. Note that the field is weaker and not as concentrated as with the iron core; also, the north 
and south poles have been brought to the ends of the coil rather than the ends of the soft steel blocks 
which extended beyond the ends of the coil. 

A 
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Fig. 16-8. The experimental electromagnet used for mapping field lines. 

Li Often it is convenient, sometimes necessary, to be able to remember the relations between direction of 
electron flow around the turns of a solenoid or electromagnet and which of the ends will be the north and 
south poles. These relations are pictured in Fig. 16-11. There are several rules which can help your mem-
ory. One is: With your left hand grasp the solenoid so the tips of your fingers point around the turns in the 
direction of electron flow and your thumb extends along the length of the winding. Your thumb then points 
toward the north pole, or points in the direction of lines of force passing through the center of the solenoid. 
Here is another: When looking at the north pole, electron flow is clockwise around the turns of the solenoid. 

If we consider only a single turn of the solenoid at "A" in Fig. 16-11, with the correct direction of field 
lines through its center, this one turn may be shown as at "A" in Fig. 16-12. The lines of force which run 
all the way through the inside of the solenoid are the result of combining little circular lines of force which 
encircle every turn of the conductor forming the coil. These circular lines of force are shown around the 
conductor which forms the single turn. If the conductor is straightened out, as at "B", the relations between 
directions of the lines of force and of electron flow are as shown here. 

There are rules which help you to remember the direction of lines around a straight conductor and electron 
flow through the conductor. If you grasp the conductor in your left hand, with your thumb pointing in the 

A 
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direction of electron flow, the tips of your fingers point in the direction of the lines of force. If you look at 
the positive end of the conductor, or the end toward which electrons are flowing, the lines of force encircle 
the conductor in a clockwise rotation. 
'\ 
MAGNETIC CIRCUITS. A magnetic circuit is a contintous path through which extend magnetic lines of 

force. There are magnetic circuits at "A" of Fig. 16-4, and in Fig. 16-6, where the sources of magnetic 
energy are permanent magnets. Fig. 16-13 shows the parts of a magnetic circuit in which the source of mag-
netic energy is the wire winding or coil around the top of the iron or steel core. Lines of force extend all 
the way through the core, including the part of the core surrounded by the winding, and the lines form the 
external magnetic field in the gap between the ends of the core. 

Lines of force in a magnetic circuit are called the magnetic flux. Flux means a flow, but there is no real 
flow or movement — the idea of a flux or flow is merely a convenience for purposes of explanation and com-
putation. We say that the flux follows a circuit because the lines always must be continuous, they must go 
all the way around from any starting point back to that same point. Magnetic flux is measured in the number 
of lines, or sometimes in the number of "maxwells," which is the same thing because one maxwell equals 
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Fig. 16-9. The lines of force in the field of the electromagnet. 
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one line. Only rarely in radio and television will you encounter such magnetic words and units as flux, 
lines, maxwells, and others, but they will be mentioned in this lesson just in case you ever have need for 
the information. 

The force which maintains the magñetic flux is called magnetomotive force, and is a bbreviatedmmf. 
Magnetomotive force maintains magnetic flux just as electromotive force maintains electron flow or current 
in electric circuits. Magnetomotive force is furnished by electron energy acting in the winding on a mag-
netic circuit. This force is measured in ampere-turns. The number of ampere turns is the product of the 
number of amperes of current and the number of turns in the winding. For example, 4 ampere and 100 turns 
gives an nunf of 50 ampere-turns. The same mmf of 50 ampere-turns would result from 1/10 ampere and 500 
turns, or any other combination whose product is 50. Magnetomotive force sometimes is measured in "gil-
berts". One gilbert is equal to 0.796 ampere-turn. 

Now we have lines of force of flux in the magnetic circuit which are comparable to electron flow or cur-
rent in the electric circuit, and we have magnetomotive force in the magnetic circuit comparable to elec-
tromotive force in the electric circuit. What is comparable to resistance in the electric circuit? Reluctance 
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Fig. 16-10. The magnetic field of the coil or solenoid remaining when the core is removed from 
the electromagnet. 
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Fig. 16-11. Relations between direction of electron flow and positions of poles of a solenoid. 

is the magnetic quality corresponding to electric resistance. Magnetic reluctance increases directly with 
length of the magnetic circuit, as resistance increases with length of the electric circuit. Reluctance de-
creases with an increase in the cross sectional area of the circuit in the same way as electrical resis-
tance. Reluctance varies also with the kind of material in the magnetic circuit, as does resistance in the 

electric circuit, but reluctance varies too with the quantity of flux or with the flux density or concentration. 

In the magnetic circuit we have a quantity or a property which has an effect on magnetic flux similar to 
the effect of dielectric constant in a capacitor on the rate of flow of alternating current in the capacitor 
circuit. This magnetic quantity is called permeability. The permeability of air is 1.0, just as the dielectric 
constant of air is 1.0. If you substitute iron for air in a magnetic circuit there will be an increase of flux 
with the same magnetomotive force, because the reluctance of iron is far less than that of air. The number 
of times the flux is increased is the permeability of the iron. If flux were 1000 lines with air, and increased 
to 1,500,000 lines with iron, the permeability of that iron would be 1,500. 
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Fig. 16-12. The magnetic lines which encircle a conductor in which there is current. 
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Fig. 16-13. The parts of a typical magnetic circuit. 

Permeability of iron, steel, and other magnetic metals decreases as the flux increases. Permeability of 
air, and of all other non-magnetic materials, remains constant with its value of 1.0 when there are changes 
of flux. The permeability of iron, steel, and magnetic alloys is so very great in comparison with that of air 
that in a magnetic circuit containing an air gap the flux depends almost entirely on the width of the gap, 
not on the length of the metallic portion of the circuit. We may say that reluctance of an air gap will usual-
ly be hundreds or even thousands of times the reluctance of the entire remaining magnetic circuit in many 

common applications. 

Fig. 16-14. Moving the coil into the magnetic field induces emf of one polarity. 
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The flux in any magnetic circuit increases directly with magnetomotive force and is inversely proportional 
to reluctance, just as current in any electric circuit increases directly with electromotive force and in-
versely proportional to resistance. Magnetomotive force is used up in the reluctance of a magnetic circuit 
in much the same way that electromotive force of potential is used up in the resistance of an electric cir-
cuit. The required magnetomotive force depends on the desired flux and on the circuit reluctance, just as 
required electromotive force in volts depends on desired current in amperes and on circuit resistance in 
ohms. 

ELECTROMAGNETIC INDUCTION 

In preceding pages of this lesson we have seen how magnetic fields are produced by electric currents. 
Now we shall produce electric currents from magnetic fields. It took the world until the year 1830 to get as 
far as we shall get in this one lesson. Had men not learned how to produce electromotive force and electric 
current from magnetic fields we would have no television, no radio, no long-distance transmission of 
electric power, no electric generators, no important uses of alternating current, and not much of anything 
else in the way of electrical conveniences and necessities. 

Until 1830 the most powerful magnet on earth would lift 9 pounds. Then Joseph Henry made an electro-
magnet that lifted 750 pounds when furnished with current from batteries. Later he invented a simple elec-
tric motor that worked with electromagnets. But Henry wanted to produce electric current from magnetic 
fields. He and another experimenter, Michael Faraday, both discovered how to do this at about the same 

Fig. 16-15. Moving the coil out of the magnetic fiel ! induces emf of opposite polarity. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 16 — Page 14 

• • 

CURRENT AND FIELD 
INCREASING 

CUTTING AND INDUCTION 

46/ 

DECREASING 

• 

Fig. 16-16. Magnetic lines expand and contract around a conductor, and cut another conductor. 

time and independently of each other, one here in America and the other in England. The production of elec-
tromotive force from magnetic fields is called electromagnetic induction, or more often is called simply by 
the name induction. 

When producing magnetic fields from an electromagnet we must have moving electrons, in the form of 
electric current in the magnet winding. Stationary electrons can produce nothing in the way of magnetic 
fields. When it comes to producing emf and current from magnetic fields we again must have motion. 

There are several ways of obtaining the necessary motion for electromagnetic induction. With one method 
we move a conductor, containing free electrons, into or out of the stationary field of either a permanent 
magnet or an electromagnet. Then an emf induced in the conductor will cause flow of the free electrons in 

the moving conductor. 

With a second method the conductor which contains free electrons remains stationary while a permanent 
magnet or an electromagnet and its field are moved toward and away from the conductor. An emf is induced 

in the stationary conductor, and will cause electron flow in the conductor. 

With a third method an electron-carrying conductor and a field-producing electromagnet are placed close 
together, but both remain stationary while current in the electromagnet is increased and decreased. This 
change of current causes the magnetic field lines to first increase and move outward from the magnet, then 
to decrease in number and contract back into the magnet. These moving lines of the magnetic field pass 
through the stationary conductor, first one way and then the other. Movement of the field induces an emf in 

the conductor, and the emf will cause current. 

It is especially important to note that in all three methods there is relative movement of magnetic lines 
or magnetic field and a conductor. Either the field or the conductor may move, or both may move at the same 
time, but at least one of them must move in order to have induction of an electromotive force. Usually we 
say that the magnetic field or the magnetic lines cut the conductor, or that the conductor cuts the field. 

The first of the methods of obtaining electromagnetic induction is illustrated by Figs. 16-14 and 16-15. 
In Fig. 16-14 a coil of many turns of wire is being moved into the field which is between the poles of a 
powerful magnet. The ends of the coil are connected to the terminals of a milliammeter. The emf induced 
in the conductor which is the coil is causing current to flow in the closed circuit consisting of coil, leads, 
and meter, and the pointer of the meter is deflected to the right. Deflection continues only so long as motion 
continues. When the coil comes to rest, the meter pointer will return to zero. 
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In Fig. 16-15 the coil is being rapidly withdrawn from the field between the poles of the magnet. Again 
there is deflection of the meter pointer, but now toward the left. Polarity of the induced emf and the direc-
tion of resulting electron flow depend on the direction of cutting, and reverse when there is reversal of the 
direction of cutting. 

These two photographs might illustrate also the second method of causing electromagnetic induction, for 
it is easy to realize that holding the coil stationary while moving the magnet toward and away from the coil 
would produce exactly the same results as pictured. 

We should take note of the fact that work is done and energy expended in moving either the coil or the 
magnet. The energy used for moving the coil or the magnet is mechanical energy, and it is changed into 
electric energy in the moving electrons of the induced electric current. 

Fig. 16-16 illustrates the principle of the third method of obtaining induction, with both conductor and 
magnet stationary, and with movement of only the field lines. Here are represented end views of two con-
ductors. The lower conductor is in the electromagnet, or might be a single current-carrying conductor. Emf 
is induced in the upper conductor. As current increases in the lower conductor, the magnetic field or the 
concentric field lines increase in number and move farther and farther out around this conductor. The outer-
most field lines cut through the upper conductor. While current decreases in the lower conductor, the field 
lines become fewer and shrink back to and into this conductor. In doing so, these lines again cut the upper 
conductor, but in a reversed direction. 

Fig. 16-17. These two windings form a transformer which might be used at radio frequencies. 
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Fig. 16-18. Directions of the field lines, of motion, and of induced electron flow with electromagnetic 
induction. 

The emf induced by outward moving field lines, with magnet current increasing, will be of one polarity. 
The polarity of the induced emf will be reversed while the field lines move inward. Doubtless you already 
have realized that if current is alternating in one of these conductors the magnetic field will move alternately 
out and back, and will induce in the other conductor an emf which alternates in polarity. This is the action 
discovered by Henry during his first successful experiment which is on record. It is the principle of the 
transformer. Of all important things in radio and television, all the way from antenna and power supply right 
through to the sweep circuits and the loud speaker, transformers certainly are among the most important. 
The reasons will appear as we employ transformers for more and more different kinds of work in lessons to 

come. 

MUTUAL INDUCTION. A transformer utilizes the action called mutual induction. When there is mutual 
induction, every change of current in one conductor or one circuit causes emf's and changes of emf in another 
nearby conductor or circuit. If the nearby conductor is part of a complete or closed electric circuit, or if 
the nearby circuit is closed, the induced emf's will cause corresponding induced currents in the nearby con-

ductor or circuit. 

One of the simplest types of transformer is pictured by Fig. 16-17. There are two separate windings, each 
with its pair of terminal connections, on a form or tubing of insulating material. Either winding may be con-
nected to a source of current. Whenever current starts in that winding, a magnetic field will arise and the 
field lines will cut through the other winding. This will induce an emf in the other winding, and if that other 
winding is part of a closed celectric circuit there will be induced current in the other winding and circuit. 
When current is stopped in the first winding, its magnetic lines will collapse or shrink back and disappear. 
In doing so the lines will cut back through the other winding and induce in that other winding an emf whose 
polarity is opposite to that of the first emf. 

SELF-INDUCTION. If you give some thought to the cutting of magnetic lines of force through "nearby 
conductors" you will realize that these moving lines of force must cut also through the conductors from 
which the lines originate. Supposing, for instance, there is a change of current in either of the windings of 
Fig. 16-17. Since current must be the same everywhere in the series connected turns of the winding, there 
will be changes of current in every turn, and around every turn there will be lines of force which expand 
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Fig. 16-19. Direction in which a conductor or the electron beam of a picture tube is deflected out of a 
magnetic field. 

and contract with variations of the current. The moving lines from every turn must cut through the turns on 
both sides and also through turns farther away if these moving lines are ever to reach the other winding. 

— The result of this is that emf's are induced in the conductors wherein there are changes of current that 
produce movement of the magnetic lines. This is called self-induction. Every coil, circuit, or conductor in 
which there are changes of current, induces in itself emf's as a result of moving magnetic lines. 

A most important feature about this self-induced emf is its polarity. If the self-induced emf were to be in 
such polarity as to assist the emf or voltage which is causing the current we might have perpetual motion, 
the current could keep itself flowing. Naturally, there is no such action. The polarity of the self-induced 
emf always is such as to oppose the change of current that is causing the movement of the field that induces 
the emf. That's something to think about. 

The significance of the polarity of induced emf is easier to comprehend if we say this: The induced emf 
always is of such polarity as to try to keep the current flowing when current is decreasing, and to try to 
keep current from increasing when it actually is increasing. Self-induced emf sometimes is called counter-
emf or back-emf. When current is increasing, and the magnetic field expanding, the polarity of the counter-
emf is opposite to that of voltage or potential difference being applied to the circuit. When current is de-
creasing, and the magnetic field contracting, the polarity of the counter-emf is the same as that of the applied 

voltage or potential difference. 

It is counter-emf that causes sparking or arcing at the contacts of a switch as the switch is opened to 
stop the current. The counter-emf is determined to keep the current flowing, and it builds up such a high 
voltage across the break as to maintain current in the form of an arc after the switch contacts have started 
to separate. When circuits have many coils or large coils, and lots of induction, the voltages of counter-emf 
may become so great as to puncture the insulation unless suitable precautions are taken. 

DIRECTIONS OF MOTION, EMF, AND CURRENT. At "A" in Fig. 16-18 is illustrated a rule which helps 
us to remember the relative directions of magnetic lines in a stationary field, of conductor motion through 

A 
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the field, and of direction of electron flow induced in the conductor. Extend the thumb, forefinger, and middle 
finger of the left hand so each is at right angles to the other two. With the forefinger pointing in the direction 
of magnetic lines in the field (north to south pole) and the thumb pointing in the direction the conductor is 
moved through the field, the middle finger points in the direction of induced electron flow. 

If the conductor is stationary and the field lines move, the rule may be followed by using the right hand 
as shown by " 13". Then the forefinger must point in the direction of the field lines (north pole to south 
pole), the thumb in the direction that the field is moved, and the middle finger will point in the direction of 
induced electron flow in the stationary conductor. 

DEFLECTION OF CONDUCTOR OR ELECTRON BEAM. Closely related to the matter of electromagnetic 
induction is that of deflection of a current-carrying conductor or of an electron stream in a magnetic field. 
The principle of conductor deflection is used in loud speakers, and in all electric motors. Electron beam 
deflection in a magnetic field is the principle of magnetic deflection for television picture tubes. 

As shown by Fig. 16-19, the direction of field lines (north to south), the direction of electron flow 
in the conductor or beam, and the direction that the conductor or beam is deflected out of the field, all 
these are at right angles to one another. At "A" in Fig. 16-19 the field lines extend from right to left, 
the electron flow is downward, and the deflection is out of the paper. 

A hand rule for electron beam or conductor deflection is illustrated in Fig. 16-19 "B". The forefinger, 
middle finger, and thumb of the right hand are held at right angles to one another. With the forefinger point-
ing in the direction of field lines (north to south) and the middle finger pointing in the direction of electron 
flow (in conductor or beam)the thumb points in the direction that the conductor or electron beam is deflected 
out of the field. 

The force of deflection increases with increase of rate of electron flow and with field intensity, which is 
the number of lines per square inch of cross section of the field. Deflection force is increased also by hav-
ing a greater length of conductor or electron beam within the magnetic field. 

The reason for deflection is that two fields are brought together in the same space. One field consists of 
the magnetic lines between the magnet poles. The other field consists of the magnetic whirls around the 
conductor or around the electron beam, as shown by Fig. 16-12. When lines in these two fields are parallel 
a force is developed. If the two sets of lines are in the same direction the fields repel, and if the lines are 
in opposite directions the fields attract. There is no great need to go into long explanations about this 
matter of field reactions, the result is shown clearly and more simply by Fig. 16-19. 

A 
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LESSON NO. 17 

INDUCTORS AND THEIR BEHAVIOR 

THEORY OFTEN PAYS DIVIDENDS 

This is another lesson in which a great number of important facts are compressed into small space, be-
cause we still are in a hurry to get to the direct practice of television and radio service operations. Prob-
ably the man already familiar with servicing, especially in television, would say right here that time con-
stants, reactances, inductances, and impedances described in this lesson are directly and intimately re-
lated to all kinds of adjustments, replacements, and methods of trouble location. But until we get further 
along in our own work, these subjects are bound to seem somewhat theoretical. Later you will realize that 
it is the so-called theoretical information that lets you figure your own way out of difficult situations, where 
the ordinary methods and commonly available instructions won't solve the problems. 

No matter how we look at things, it is essential to have at least a speaking acquaintance with all this 
groundwork. Whether you ever actually wind one of your own coils which is to furnish a certain number of 
microhenrys for a television sound trap makes little difference. The real point is, you should know where to 
get information that will let you compute the necessary number of turns if you ever are confronted with the 
necessity. 

This line of reasoning applies in a general way to all the formulas in this lesson. If you don't like arith-
metic you can skip the formulas, for now, but someday you will come looking for them. A shop mechanic in 
an auto service station can get along without a micrometer, but the boss uses one, and when the mechanic 
gets good enough he will do likewise. 

INDUCTORS AND THEIR BEHAVIOR 

When electrons move in a conductor or coil the result is a magnetic field in the surrounding space. That 
is electromagnetism. When there is relative movement between a magnetic field and a conductor the result 
is electromotive force and movement of electrons in the conductor. That is electromagnetic induction. 

0 We may start with electrons in motion, let them produce a magnetic field, then let the field collapse to 
move electrons. Or we may start with a magnetic field, let the field collapse to produce end which moves 
electrons, and let the moving electrons produce another magnetic field. This alternate changing of electron 
movement into a magnetic field and of the magnetic field into electron movement is almost all we need in 
order to have resonance. Resonance is the thing that makes tuning possible. Tuning lets us pick certain 
signals and certain frequencies from all the other signals and frequencies in existence. Without tuning there 

would be no radio or television. 

ENERGY IN MAGNETIC FIELDS. What really happens with the magnetic field and the electron flow is 
an exchange between two forms of energy. Long ago we learned that electrons in motinn possess energy, 
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Fig. 17-1. These inductors are tuned to resonance in short-wave radio. 
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which is the ability to do work. Electrons which flow in a conductor can use their energy of movement to do 
two things; they can produce a magnetic field and they can produce heat, Part of the electron energy always 
must go into production of heat which results from work done in overcoming resistance. The remainder of 
the electron energy does the work of building up a magnetic field. There is energy in this magnetic field. 

The work done by the moving electrons in building up a magnetic field is comparable to the work you do 
in lifting a weight. When you get the weight raised off the ground there is energy in the weight. When mov-
ing electrons force the magnetic field out into the surrounding space there is energy in the field. When your 
elevated weight falls back to earth it will do work. When the magnetic field collapses back into the conductor 
it will do the work of electromagnetic induction, which moves electrons. 

The similarity b-etween the weight and the magnetic field really is remarkable. It takes work to lift the 
weight and it tales work to form the field. But if the weight is not again moved after you once elevate it, 
no further work is being done on the weight (because, technically, there is no work unless there is motion). 
If the magnetic field is built up to just some certain strength and maintained there, the moving electrons 
will have to do no further work on the field. The moving electrons have to do work to form the field, but not 
while the field is maintained at a steady value or position in space. 

So long as electron flow continues, work must be done to overcome resistance and produce heat. But no 
inductive work is done to maintain the magnetic field at a fixed strength. If the magnetic field has previously 
been built up to some certain strength, and no further electron work is being done on this field, it will re-
quire additional work to make the field stronger or to push it farther out into the surrounding space. These 
relations are illustrated by Fig. 17-2. 

When electron flow or current is allowed to decrease, after having established a magnetic field of certain 
strength, the field will fall back to a value and position corresponding to the reduced current. As the field 
contracts it must give up some of its energy, because for any certain current in a particular conductor or 
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Fig. 17-2. Energy stored in a magnetic field is returned to the circuit. 
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Fig. 17-3. A space-wound air-core coil for tuning at high frequencies. 

circuit there is only one corresponding value of magnetic field energy. The energy given up by the field goes 
into the force of induction, producing in the conductor or circuit a counter—emf of such polarity as opposes 
the decrease of current. That is, the counter—emf is in the same direction as that of the external voltage 
being applied to the circuit, or of the voltage which was causing current in the first place. 

q We have been talking about work done in establishing a magnetic field, about energy temporarily stored in 
the field, and about work that the field will do when it collapses. The energy in a magnetic field is no theo-
retical thing, it can be measured just like the energy paid for an bills for electric light and power. The mag-
netic energy increases with increases of current and with ability of the circuit to utilize this current for 
production of magnetic flux. All circuits and coils are not alike in this flux-producing ability, which is 
called inductance. 

A given current, in milliamperes, flowing in the coil of Fig. 17-1 will produce around that coil a magnetic 
field far stronger than will be produced around the coil of Fig. 17-3 by the same current. This is because the 
larger coil, with more turns, has much more inductance than the smaller one with fewer turns. It won't be 
long until we get well acquainted with inductance. 

ENERGY IN ELECTRIC FIELDS. While we are on the subject of energy in magnetic fields is a good time 
to discuss some rather similar effects in the electric fields which are between the plates of a charged cap-
acitor. We know that while electrons flow into and out of the plates of a capacitor the electrons possess en-
ergy, because they are in motion. Rut when the plates are fully charged, and remain with neither discharge 
nor further charge, the electrons are stationary. Where is their energy which was due to motion? That energy 
has gone into the electric field or into the dielectric which is between the plates. The quantity of energy 
temporarily held in the electric field increases with increase of potential difference between the plates, and 
increases also with greater capacitance of the capacitor. 

When the charged capacitor is connected to an external circuit, the capacitor will discharge into the cir-
cuit. The result is an electron flow in the circuit as the excess of free electrons leave the negative plate 
of the capacitor and flow around to niake up the electron deficiency in the positive plate. 

Ee' In the process of capacitor charge and discharge there is an exchange between two forms of energy. First, 
an electron flow will charge a capacitor and build up an electric field between the capacitor plates. Energy 
which was in the moving electrons then is in the electric field. As the capacitor discharges, and the field 
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disappears, energy which was in the field produces electron movement. These actions are illustrated by 
Fig. 17-4.14 may start with moving electrons, produce an electric field, then let the field disappear in form 
ing a new movement of electrons. Or we may start with an electric field (a charged capacitor), let its energy 
cause movement of electrons, and let the moving electrons produce another electric field and another charge. 

'EXCHANGES OF ENERGY. We must realize, and remember, that no energy need be lost when moving el-
ectrons produce either magnetic fields or electric fields. All the energy that goes into the formation of a 
magnetic field as the field is pushed outward can return to the conductor or circuit when the field collapses 
and induces an emf in the circuit. All energy which goes into formation of an electric field in a capacitor 
may go right back into the circuit when the capacitor discharges and the electric field disappears. These 
things are true because either a magnetic field or an electric field is capable of causingelectron flow. There 
are merely exchanges in the form of energy, the energy is either in the form of electron movement or else in 
the form of a magnetic or an electric field. The energy remains in the circuit or in certain parts of the cir-
cuit. 

On the other hand, energy used for overcoming resistance ordinarily is lost. Only in a few special cases 
(thermocouples) can heat produced in resistance turn around and cause another electron flow. In all ordinary 
circuits the heat is dissipated into air and surrounding objects, and the energywhich produced the heat is 
lost so far as the original circuit is concerned. In all our common circuits heat energy is a loss but field 
energy is not a loss. 

TIME CONSTANTS. As you read television service manuals and descriptions of how various circuits 
should operate you will find many references to time constants. Time constants relate to time required for 
formation of magnetic and electric fields, and to the time required for these fields to disappear. No matter 
what kind of circuit you work with, it is impossible for a magnetic field to increase to its full strength in no 
time at all, and it is impossible for an electric field and capacitor charge to reach full value in no time at 
all after voltage is applied. Neither can a magnetic or electric field disappear instantly after current stops 
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Fig. 17-4. Fnergy stored in an electric field returns to the circuit. 
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Fig. 17-5. The rate of capacitor charge and discharge depends largely on the series resistance. 

or a discharge circuit is closed. Any of these actions might be completed in one or two millionths of a sec-
ond, but there is a period of time — it is not instantaneous — and in many circuits the difference between 
one and two millionths of a second is all-important. 

lVe shall talk first about capacitive time constants, the ones which have to do with capacitors. At the 
left in Fig. 17-5 is represented a capacitor C in series with resistance R. Electrons for charging and dis-
charging the capacitor must pass through the resistance as they move between the voltage source and the 
capacitor. Always there is resistance in series with a capacitor. This resistance need not be in a resistor, 
it may be only the resistance of the connecting wires and of the metal in the capacitor plates, but it is there. 

At the right in Fig. 17-5 the capacitor is represented by the two closed air chambers with a flexible di-
aphragm between them, and the source is a pump. %lost of the piping between the chambers and the pump is 
large,but at R is a length of very small bore tubing. Supposing you suddenly apply a certain pressure at the 
pump, will the diaphragm between the chambers instantly deflect to a degree corresponding to that pump 
pressure? Of course not, for some time will be required for enough air to get through the small tubing to 
equalize pressures in the pump and in the air chambers. If you then release pressure on the pump piston,. 
air will flow out of one chamber to the pump, and from the pump into the other chamber. But the diaphragm 
cannot return instantly to its neutral position, it can spring back only as air is forced slowly through the 
small tubing. 

Similar things happen with the capacitor and the electrical resistance. Capacitor charge and discharge 
are measured in coulombs of electrons. Flow through the resistance is in coulombs per second (amperes). 
The rate of flow is directly proportional to potential difference in volts and inversely proportional to re-
sistance in ohms. Remember, I = E/Ii, amperes equal volts divided by ohms. The capacitor cannot be in-
stantly charged to a degree corresponding to applied voltage, nor can it instantly discharge, because the 
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resistance slows down the coulombs per second that can flow into and out of the capacitor. If you wait long 
enough, a sufficient quantity of electrons will get through the resistor to make the capacitor charge propor-
tional to voltage at the source, but there will be some delay. 

The total quantity of electrons eventually forced into and out of the capacitor will depend on two things; 
on capacitance of the capacitor, and on voltage applied across the capacitor and resistance. The number of 
coulombs of charge is equal to the product of capacitance in farads and potential difference in volts. 

It would take quite a while to completely charge a capacitor with a quantity of electrons proportional to 
applied voltage. The reason is shown by Fig. 17-6. At A there is zero potential difference between the cap-
acitor plates, and the entire voltage of the source is effective in forcing electrons through the resistance. 
But as the capacitor gains more and more charge, the capacitor itself acquires a potential difference as at 
R and C. This potential difference or voltage of the capacitor is of such polarity as to oppose the electron 
flow for further charging. The charging rate becomes slower and slower as the capacitor voltage more nearly 
equals the source voltage. The last of the charge will flow through the resistance very slowly, but finally, 
as at C, the charge will be complete, with capacitor voltage equal to source voltage, and with no electron 

flow. 

At I) in the diagram the source has been taken out of the circuit and the capacitor plates are connected 
together through a conductor. Now the full voltage of the charged capacitor is effective in forcing electron 
flow through the resistance. But as the capacitor discharges, and potentials of its plates become more 
nearly equal, the capacitor voltage drops lower and lower. Then the electron flow rate through the resist-
ance slows down, and discharge proceeds more and more slowly. Eventually there will be complete dis-
charge, and zero potential difference between the capacitor plates. 

Fig. 17-7 shows how the charging and discharging of every capacitor will vary with time. These two 
curves apply not only to paper capacitors, or to mica capacitors, or to electrolytic capacitors, but to every 
kind of capacitor and capacitance which can be charged and discharged. The curves apply to every value 
of capacitance, whether it is a fraction of a micro-microfarad, or hundreds of microfarads. 

o 

Fig. 17-6. Electron flow stops when capacitor voltage becomes equal to source voltage. 
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The left-hand vertical scale shows percentage of charge which has been acquired during charging or which 
remains during discharging. The bottom scale shows time in the uilit called a time constant. The number of 
seconds or the fraction of a second in one time constant depends entirely on the capacitance of the capaci-
tor and on the resistance which are in the circuit being considered. All you need do is multiply the number 
of microfarads capacitance by the number of megohms resistance, and the product is equal to one time con-
stant in seconds. 

Time constant, in seconds = microfarads x megohms 

As an example, supposing you have a grid-leak bias circuit in which the capacitance is 0.00025 mfd and 
the leak resistance is 2 megohms. Multiplying 0.00025 by 2 gives 0.0005, which is the fraction of a second 
time constant (five ten-thousandths of one second). 

Now look again at Fig. 17-7. During the time of one time constant the capacitor does not gain a full charge, 
the charge increases to only 63.2% of what it eventually will become if the charging voltage continues to be 
applied. During one time constant of discharge, shown on the right-hand curve, the capacitor has lost 63.2% 
of the original charge and has remaining 36.8% of that original charge. The original charge is considered to 
be 100%. Whether this original charge is 100% of all the charge that the capacitor could hold or is some 
smaller quantity makes no difference. It is all the charge there is when the discharging starts, consequently 
is 100% of all the electrons that can be discharged. 

The curves show that at the end of two time constants the capacitor will have gained 86V,% of its ulti-
mate full charge, and at the end of two time constants of discharge will still retain 1.3'4% of the charge with 
which it started. The discharge curve is merely the charging curve upside down. A capacitor would con-
tinue charging or discharging. At the end of three time constants the charge would have risen to about 95% 
of its ultimate value, and at the end of five time constants would be about 99-1/3% of the ultimate. 

There are a number of important matters to be pointed out in connection with capacitive time constants. 
First of all, the time constant is not the time for complete charge or discharge, but only for 63.2% of the 
ultimate charge and only 63.2% of total discharge. Second, the time constant of a resistor-capacitor com-
bination does not depend on absolute values of either capacitance or resistance, but only on their product. 
You can have the same time constant in fractions of a second with large capacitance and small resistance 
or with small capacitance and large resistance. Look at the following list of capacitances and resistances, 
all of which give the same time constant of 0.00024 second. Capacitances are given in both mfd and mmfd, 
and resistances in both megohms and ohms, because in order to use the formula you often have to convert 
other units into microfarads and megohms. 

crof arads Micro-microfarads Nlegohms nhms 
0.008 8 000 0.03 30 000 
.002 2 000 .12 120 000 
.00024 240 1.0 1 000 000 
.00003 30 8.0 8 000 000 

Here is a third point. Applied voltage has no effect on time constant. If you increase the voltage on a 
given resistor-capacitor combination you increase the number of coulombs of ultimate 100% charge, because 
more voltage puts more charge into any given capacitance. Then, although the higher voltage does cause 
faster electron flow, it will take just as long as before to reach 63.2% of the greater ultimate charge. 

A time constant may be anything from the most minute fraction of a second up to many minutes. The 
smaller the product of capacitance and resistance, and the shorter the time constant, the faster a circuit 
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Rb 

Ra 

Source 

Fig. 17-8. The tube makes the time constant for charge shorter than for discharge. 

will act and the more rapidly it will respond to any changes of voltage. At high frequencies of charging 
voltage there is time during one alternation for only a small portion of the ultimate possible charge unless 
the time constant of the circuit is very short. 

The time constant for any given combination of capacitance and resistance is the same for both charge 
and discharge. But it is possible to switch resistances so that there is one time constant for charging and 
a different constant for discharging. One method is shown by Fig. 17-8. With source polarity as at the left 
the capacitor is charged by electron flow through the diode tube and resistor Ra, and at the same time through 
resistor Rb, ‘‘' hen polarity of the source reverses, as at the right, the tube is made non-conductive (cathode 
positive and plate negative) and the capacitor discharges through resistor Rb alone. 

In Fig. 17-9 the resistor Ra is connected across the capacitor. Potential difference across the capacitor 
and across resistor Ra always will be equal, but Ra does not control the time constant for charging. This 
charging time constant is controlled by series resistor Rb. When the switch Sw is opened, as at the right, 
the capacitor discharges through resistor Ra, and there is no electron flow through resistor Rb. 

'INDUCTIVE TIME CONSTANTS. If a direct voltage or steady voltage is applied to a circuit containing 
only resistance, with no capacitors or coils or inductors, current immediately reaches a value equal to FIB, 
or the number of amperes becomes equal to the quotient of dividing the number of volts by the number of 
ohms. If the circuit contains inductors the current in the circuit does not rise instantly to its final value but 
increases in exactly the same manner as shown by the left-hand curve of Fig. 17-7, which illustrates charg-
ing of a capacitor. 

Things happen in this fashion. At the instant in which voltage is applied there is nothing except resist-
ance to oppose flow of current, and there is a sudden surge of current. Hut this causes an equally sudden 
or rapid rise of a magnetic field out of the inductor. The lines of the field cut outwardly through the turns 
of the coil or inductor and induce a counter-emf. The polarity of this counter-emf is such as to oppose the 
applied voltage, and the effect is to slow down the increase of current. Then the magnetic lines expand 
less rapidly and induce less and less counter-emf to oppose the increase of current, but the current does 
actuidly continue to increase. The greater the current the more of the applied voltage must be used up in 
overcoming resistance. Finally we end up with current proportional to applied voltage and to circuit resist-
ance. 
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In using the curves of Fig. 17-7 for inductive time constants we read the left-hand vertical scale as per-
centage of final current rather than as percentage of charge. The current in the circuit containing an induc-
tor will rise to 63.2% of its final value in a time period of one time constant. The final 100% value of cur-
rent depends only on applied voltage and resistance. If a circuit containing an inductor is short circuited 
while carrying some certain current, the current will not come to an instant stop but will decrease as shown 
by the right-hand curve. In a period of one time constant the current will have decreased to 36.8% of its 
original value. The circuit could be short circuited by disconnecting the.source of external voltage and mak-
ing a direct connection to replace the source. 

To determine the value, in fractions of a second, of the inductive time constant we must know the induc-
tance of the inductor or the circuit. Inductance is the ability of an inductor to produce a magnetic field or 
magnetic flux from current flowing in the inductor. We shall investigate this ability in the next few pages, 
but in connection with inductive time constants we need know only that inductance is measured in a unit 
called the henry. The inductive time constant, in seconds or fractions of a second, is equal to the ratio of 
inductance in henrys to resistance in ohms. 

inductance, in henrys  
Time constant, in seconds resistance, in ohms 

The resistance here considered is that of the circuit containing the inductor and its inductance. This re-
sistance may be only that of the conductors in the coil and the circuit connections, or it may include also 
any type of resistor. We should note that the time constant depends not on anyparticular values of induc-
tance and resistance, but on their ratio. Inductance of 10 henrys and resistance of 100 ohms would have a 
time constant of 1/10 second. Inductance of 1 henry and resistance of 10 ohms would have the same time 
constant of 1/10 second. If inductance and resistance increase and decrease together and in the same pro-
portions, the time constant will not change. 

SELF-INDUCTANCE. You will recall that self-induction is the action whereby a coil or a circuit induces 
in itself emf's which are due to changes of current in the coil. These emf's of self-induction result from 

Fig. 17-9. Time constant for charge determined by one resistor, and for discharge by another resistor. 
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Fig. 17-10. An iron-core choke coil having large inductance. 

magnetic lines expandingand contracting and cutting through the conductors. The expanding andcontracting, 
or the motion of the magnetic lines, is due to increases and decreases of current. 

Just what emf, in volts, is induced by any given change of current depends on the number of turns in the 
inductor or coil, on its size and shape, and on whether or not there is iron inside or around the coil. These 
are the things which affect the ability of the coil to generate an induced emf in itself. This ability is called 
inductance, and is measured in a unit called the henry, as ment ioned before. 

If a coil is of such design that current change at the rate of one ampere per second induces an emf of one 
volt, the inductance of the coil is one henry. A current change at the rate of one ampere per second would 
be an increase from zero to 1 ampere in 1 second, or from 1 to 2 amperes in one second, or from 100 to 101 
amperes in one second. There would be the same rate of change were current to decrease in an amount of 
one ampere during a time of one second. 

An inductance of one henry is quite a lot of inductance, Often we use smaller units. One is the millihenry, 
which is equal to one one-thousandth of a henry. Another is the microhenry, equal to one one-millionth of a 
henry. Fig. 17-10 is a picture of a type of inductor called a choke, because it chokes or tends to prevent 
rapid changes of current. In the coil itself, which you cannot see, are hundreds of turns of wire. Through 
the center and around the outside of the coil is a "core" of steel. The inductance is about 8 henrys. Any 
inductor whose inductance is great enough to be measured in henrys will have within and around its coil a 
core of steel or iron. It is so easy for magnetic lines or flux to form in steel or iron that a core of these ma-
terials permits hundreds of times as many lines as would be formed in air or any other substance by the 
same current. When this great number of magnetic lines cut through the turns of the coil they induce a strong 
counter-emf. Consequently, an inductor or coil with an iron or steel core possesses much inductance. 

Fig. 17-11 is a picture of another kind of choke. Here there is no iron or steel core, but there are a great 
many turns of wire in a relatively small space. The inductance of this coil is about 3 millihenrys or 3/1000 
henry. The iron- core choke of Fig. 17-10 has more than 2500 times as much inductance as this air-core 
choke. The total inductance of the coil pictured in Fig. 17-1 is about 85 microhenrys, and of the coil in Fig. 
17-3 it is a little less than 2 microhenrys.The iron core choke has about 4 million times as much inductance 
as this latter coil. In all these cases we are talking about self-inductance, due to the action of self-induc-
tion in the same coil or circuit that possesses the self-inductance. 
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Fig. 17-11. An air- core choke coil used at radio frequencies. 

There are three ways of determining the self-inductance of an inductor or coil. First, we may take the 
manufacturer's word for it, and be reasonably sure that the figure is correct provided the inductor is used 
according to recommendations. Second, we may measure the inductance with suitable laboratory apparatus. 
This is an excellent method if you have the equipment, know how to use it, and can afford to spend the 
necessary time. Third, you can make computations by means of arithmetic. Practically never will the result 
of any reasonably simple computation give the true value of inductance. But you can figure the inductance 
close enough to know whether or not the particular inductor is likely to work in the circuit where you intend 
to use it. Furthermore, you can figure the number of turns needed for a certain required inductance and come 
fairly close. Then, if you have to wind the coil, you can put on a few extra turns, place the coil in actual 
operation, and take off turns until things work to your satisfaction. 

Here is a formula as good as any of the simple ones for approximate calculation of inductance of an air-
core coil wound in a single layer as illustrated by Fig. 17-12. 

Inductance ' h— N2 x D  
microhenrys 40 x (13/1) + 0.45) 

The letters stand for the following values. 

N, number of turns of wire on the coil 

D, diameter of winding, in inches 

13, length of winding, in inches 

Note that the length of winding is from end to end of the conductor turns; it is not the length of the 
form on which the coil is wound. This formula is fairly accurate for coils whose minimum length is not 
less than one-third the diameter of the coil. 

As an example, assume a coil of 50 turns on a 2 inch coil form, extending over a length of 1.5 inches. 
Its inductance is determined by using these values in the formula shown above. 

50 2 x 2 2500 x 2  5000  
40 x (1.5/2 + 0.45) — 40 x (0.75 + 0.45) — 40 x 1.20 

5000 = 48 104 microhenrys inductance, approximately. 

A 
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Fig. 17-12. Coil dimensions used when computing inductance. 

The formula and method just explained allow computing the inductance of a coil already constructed. More 
often we wish to learn the number of turns required with a certain diameter and length of winding to produce 
some specified inductance. Here is the formula for number of turns. 

Number 40 x L x (B/D + 0.45)  
of turns = D 

The meanings of the letters are the same as before. Here there is a new letter symbol, the capital letter 
L. The capital letter L is the symbol for inductance. In this formula the inductance is in microhenrys. The 
formula for number of turns is derived from the earlier formula for inductance, and computations with the two 
formulas should be in general agreement. To check this point, assume we wish to have inductance of 104 
microhenrys on a 2-inch diameter with winding length of 1.5 inches.Putting the known values in the formula 
gives 

40 x 104 x (1.5/2 + 0.4F)) 14160 x (0.75 + 0.45)  
2 2 

j 4160 x 1.20 j492 —J2496 = 50 turns 
2 2   

We should note the following points with reference to effects of coil design on inductance. With any 
given diameter and number of turns, increasing the length lessens the inductance. Increasing the diameter 
increases the inductance. Inductance also increases as the square of the number of turns. Thus, if a 
coil of 4 microhenrys has its number of turns doubled, the inductance will have increased to 4 x 4, or 
16 microhenrys. Fig. 17-13 illustrates these things. 

If iron or steel could be substituted for all the air which is in the field of the coil winding, the induc-
tance would be multiplied by the permeability of the steel or iron. All field lines will not be confined to the 
steel or iron, so inductance will not increase directly as permeability but there always is a very great in-
crease in comparison with a coil otherwise similar except for having an air core. 

A 
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INDUCTANCE REACTANCE. While studying capacitors and their uses we learned that any opposition 
to flow of alternating current is called reactance, and that such opposition in a capacitor is called capacitive 
reactance, Opposition to flow of alternating current in an inductor or coil is called inductive reactance. The 
symbol for inductive reactance is X1, wherein the X stands for reactance and the subscript L shows that 
the reactance is caused by inductance., Inductive reactance, like all other oppositions to current or electron 
flow, is measured in ohms. 

We learned that capacitive reactance is altered by changes of capacitance and by changes of frequency. 
Inductive reactance is altered by changes of inductance and by changes of frequency. 

Inductive reactance really is the result of counter-emf. You recall that counter-emf always is of such 
polarity as to oppose every change of current, it opposes every increase and it opposes every decrease of 
current. This is the same as saying that counter-emf opposes alternating current, because alternating cur-
rent is continual increase and decrease of flow rate, and if all the increases and decreases of alternating 
current were flattened out, you no longer would have any alternating current at all. Consequently, if we 
check on the effects of changes of frequency and of inductance on the production of counter-emf we shall 
learn how frequency and inductance affect inductive reactance. 

First we shall check on the effect of frequency by assuming the frequency to be doubled, with nothing 
else changed. There will be twice as many changes or alternations of current during every second of time. 
This means that the magnetic field will expand out of and contract back into the coil twice as many times 
during every second. In other words, the field lines will cut through the conductors of the coil twice as 
often as before, and, of course, will induce twice the original counter-emf. 

Winding 
Length 

More Inductance 

Number 
of turns 

 1 

Less Inductance 

Fig. 17-13. The factors which affect the inductance of a coil, 
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From this we must conclude that the opposition to alternating current which is called inductive reactance 
is directly proportional to frequency. Twice the frequency will mean twice the reactance, half the frequency 
will mean half the reactance, and so on. 

Now what about the effect of inductance on inductive reactance? This question is easy to answer, for we 
know that inductance means ability of the coil or circuit to produce magnetic lines or a magnetic field. 
Twice as much inductance means production of twice as many magnetic lines.Twice as many magnetic lines 
will cut through the coil conductors twice as many times during every second, and that means twice as much 
counter-emf. Since the opposition to alternating current which is called inductive reactance is the effect of 
counter-emf, we conclude that inductive reactance is directly proportional to inductance as well as being 
directly proportional to frequency. 

The effects of inductors and capacitors or of inductance and capacitance are opposite. Some of the dif-
ferences are shown in the accompanying tabulation. 

When We Have The 
Things Listed Below 

This Happens 
In Inductors 

This Happens 
In Capacitors 

Direct Current 
Higher frequency 
Greater inductance 
Greater capacitance 

Free Flow 
More reactance 
More reactance 

No flow 
Less reactance 

Less reactance 

Because of these opposite effects, inductive reactance sometimes is called positive reactance while cap-
acitive reactance is called negative reactance. 

The fundamental formula for inductive reactance is as follows. 

Inductive frequency, inductance, 
= 6.2832 x reactance, in ohms cycles henrys 

'Other formulas, based on this one, allow using different units. The formulas given here employ cycles, 
kilocycles, or megacycles for frequency, in combination with henrys, millihenrys, or microhenrys for induc-
tance. 

XL ohms 

• XL ohms 

XL ohms 

= 6.28 x cycles x henrys 

cycles x millihenrys  
160 

cycles x microhenrys  
160 000 

XL ohms = 6280 x kilocycles x henrys 

XL ohms = 6.28 x kilocycles x millihenrys 

kilocycles x microhenrys  
XL ohms 

160 

XL ohms = 6 280 000 x megacycles x henrys 

XL ohms = 6280 x megacycles x millihenrys 

XL ohms = 6.28 x megacycles x microhenrys 

IMPEDANCE. Supposing you have at,1 inductive reactance (a coil) in series with a capacitive reactance 
(a capacitor) as at the left in Fig. 17-14. Assume that you know the inductive reactance at the frequency in 
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XL 

A — C 
Source 

A — C 
Source 

Fig. 17-14. Inductive and capacitive reactances oppose their effects when in a series circuit. 

use is 1,000 ohms, and that the capacitive reactance at this same frequency is 600 ohms. What is the com-
bined or total reactance or opposition to flow of alternating current from the source through these two parts? 
Quite likely your answer was wrong, because the combined reactance is 400 ohms — which is the difference 
between the two kinds of reactance in the series circuit. Furthermore, this combined reactance, which we 
more often call net reactance, is inductive reactance. 

All this comes about because inductive and capacitive reactances act oppositely. In the example just 
considered, the 600 ohms of capacitive reactance cancels the effect of 600 ohms of inductive reactance, 
and leaves the remaining 400 ohms of inductive reactance to oppose current in this series circuit. To de-
termine the net reactance in any circuit we subtract the smaller from the larger of the two different kinds of 
reactance. The difference is net reactance. If the larger reactance is inductive, then this net reactan ce is 
inductive. If the larger reactance is capacitive, the net reactance is capacitive. 

It would be impossible to construct a circuit with only inductance and capacitance, and no resistance — 
because all conductors have resistance, Therefore, in any circuit containing inductance and capacitance we 
must consider also the resistance if it is of a value comparable with either of the reactances. That is, we 
usually must consider a circuit as represented at the right in Fig. 17-14. We determine the net reactance as 
usual, by subtracting the smaller from the greater of the two reactances. Supposing that you have found the 
net reactance to be 400 ohms, and have measured the resistance of the circuit as 300 ohms. What is the total 
opposition due to this combination of reactance and resistance? Again you are quite likely to be wrong, for 
the total effective opposition is equal to the square root of the sum of the squares of resistance and net re-
actance. This opposition due to both resistance and reactance is called impedance. Like every other oppo-
sitien, impedance is measured in ohms. The symbol for impedance is the capital letter Z. Here is the im-
pedance formula. 

Z, in ohms 11 2 + X2 

In this formula R is resistance in ohms, X is net reactance in ohms. With 300 ohms resistance and 400 
ohms net reactance put into the formula we would have, 

Z =/300 2 + 400 2 =j90 000 + 160 000 = J250 000 = 500 ohms impedance. 
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Fig. 17-15. The impedance triangle. 

If you don't have to determine the exact number of ohms impedance you may arrive at a close ap proxima-
tion by drawing the impedance triangle of Fig. 17-15 — provided the two kinds of reactance and the resist-
ance are in series. Make the length of one leg proportional to ohms of resistance. Make the other leg, at 
right angles, of length proportional to net reactance. Then the length of the hypotenuse, the diagonal, is 
proportional to ohms of impedance. Of course, all lengths must be measured in the same unit, inches, 
quarters, or anything convenient, but the same for all three sides. The proportions of the triangle of Fig. 
17-15 are such as you would draw for 300 ohms resistance and 400 ohms net reactance, with 500 ohms 
measured on the impedance side. 

Impedance always is greater than either the net reactance or the resistance, as is evident from the tri-
angle. however, either the inductive reactance or the capacitive reactance may be greater than the impe-
dance. Remember, in the examples just worked out, the inductive reactance is 1000 ohms, yet the impe-

dance is only 500 ohms. 
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In one of the earliest lessons we worked with rules for computing either resistance, current, or voltage 
when the other two of these three quantities are known. Those rules, all of which include resistance, apply 
only to circuits in which inductive reactance and capacitive reactance are of negligible value in comparison 
with the resistance. But if you know the impedance of a circuit you can substitute impedance for resistance 
in all three of our rules, and solve problems relating to circuits containing inductance, capacitance, and re-
sistance in any combination and with the circuit carrying alternating current. Here are the revised rules. 

Volts — milliamperes x impedance, in ohms 
1000 

Impedance, in ohms 

Milliamperes 

1000 x volts  _ 
milliamperes 

1000 x volts _ 
impedance, in ohms 

Milliamperes in these formulas are alternating current values. Volts are alternating, and are effective 
values, not peak values. 
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COUPLING ONE CIRCUIT TO ANOTHER 

Whenever two circuits are in such positions or have such connections that changes of current or voltage 
in one circuit can cause changes of voltage in the other, the two circuits are coupled. Coupling is needed 
at many places in receivers. First of all, to get antenna signals or voltages into a receiver we need coup-
ling between the antenna and the grid-cathode circuit of the first amplifier tube. Fig. 18-1 is a picture of an 
antenna coupler for a radio receiver. Tuners for television receivers contain antenna couplers. 

Coupling is needed also between the r-f amplifier and the mixer, and between the r-f oscillator and the 
mixer, and from the mixer to the first amplifier in the i-f section.Then there must be more couplings between 
each amplifier and the one following, couplings into and out of detectors or demodulators, couplings to the 
loud speaker and to the grid-cathode circuit of the picture tube, and couplings all the way through sync and 
sweep sections as far as the deflection plates or coils at the picture tube. All these couplings are means 
for transferring signals from one circuit to another or from one tube to another. Fig. 18-2 illustrates some 
i-f coupling transformers. 

There are almost as many varieties of couplings as there are places in which couplings are used. This 
makes it rather difficult to give any simple definition that describes every type of coupling. We may say, 
however, that if any resistance, reactance, or impedance is connected into two circuits, those circuits are 
coupled. This definition does not cover all couplings, but it does account for a large percentage of them. 
Now let's see how the definition applies to some practical circuits. 

COUPLING WITH COMMON ELEMENTS. A common element is a resistance,reactance, or impedance that 
is common to two circuits or that is part of each of two circuits. Fig. 18-3 represents the simplest possible 
couplings between antennas and r-f amplifiers. An antenna for television or for frequency-modulation (FM) 
radio consists of two elevated horizontal conductors (usually pieces of metal tubing) from between which a 
two-conductor " transmission line" goes to the receiver. Radio waves in space induce signal voltages 
across the two halves of the antenna, and these voltages act through the transmission line. 

In diagram 1 the resistance R is connected across the transmission line, therefore is in the antenna cir-
cuit. This resistance is connected also from grid to cathode of the amplifier tube, so is in the grid circuit. 
Thus we have the same resistance connected into two circuits, and the two circuits are coupled. 

There is transfer of signal voltage in this manner. Whatever voltages are induced in the antenna by sig-
nal waves in space must appear across resistance R. Also, whatever voltages are across resistor R will 
act between grid and cathode of the tube. Th ta the antenna voltages are coupled into the grid circuit of the 
amplifier. You ask, why use the resistor, why not connect the ends of the transmission line only to the grid 
and cathode of the tube? In this particular case such connection would leave us with nonconductive grid re-
turn to the tube cathode. The coupling resistor provides such a return. 
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Fig. 18-1. An antenna coupler used in a standard broadcast radio receiver. 

At 2 in Fig. 18-3 we have substituted a coupling coil for the coupling resistor. The coil is in the antenna 
circuit and also in the amplifier grid circuit. Antenna signal voltages appear across the inductive reactance 
of the coil, and thus are coupled into the grid circuit of the amplifier. The inductance of the coil may be of 
a value providing high reactance, in ohms, at the received frequencies. This will provide effective coupling. 
Many television and f-m receivers have inductance coils in their antenna couplings. Very few use resistance 
coupling for the antenna, which is shown here chiefly to illustrate the principle. 

Instead of the inductive reactance for coupling we might use the capacitive reactance of a capacitor, as 
in diagram 3. In this antenna circuit the capacitor alone would provide no conductive grid return to the tube 
cathode. A resistor, in addition to the capacitor, would have to be connected from grid to cathode. Such a 
combination of coupling capacitance and resistance would work, but it is not a type in general use. 

Next, let's see what we can do about transferring a signal voltage from one tube to another by means of 
a resistance common to the first plate circuit and to the second grid circuit. We may commence with diagram 
1 of Fig. 18-4. Resistance Ro is in the plate circuit of the left-hand tube and in the grid-cathode circuit of 
the tube at the right. This necessitates connecting the plate of the first tube directly to the grid of the sec-
ond tube, which places the plate and grid at the same potential. It is shown that the power supply furnishes 
100 volts (Bi-) to the plate circuit. Allowing for potential difference across resistor Ro, the plate may be at 
something like 90 volts positive with reference to the cathode in the left-hand tube. Grid bias for the right-
hand tube is secured by connecting the cathode of that tube at a point on the power supply which is 110 
volts positive. With the grid 90 volts positive and the cathode 110 volts positive, the grid is 20 volts less 
positive than the cathode, or is effectively 20 volts more negative, and we have a 20-volt negative grid bias 
for the right-hand tube. 
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Fig. 18-2. Intermediate-frequency transformers removed from their metallic shields. 
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1 lg. 18-3. Coupling elements common to the antenna circuit and the grid circuit. 

Successful audio-frequency amplifiers have been built and still are built to use the coupling method just 
explained, but it is not a method in general use. Later you will find the same principle employed for coup-
ling the last video amplifier to the grid circuit of television picture tubes. 

In working toward a more popular method of coupling we shall go on to diagram 2 of Fig. 18-4. Here we 
have made it possible that grid bias for the right-hand tube may be entirely independent of plate voltage and 
B+ voltage on the left-hand tube. This is done by inserting capacitors Cc and Cd which block the high di-
rect voltages of the plate supply circuit out of the grid circuit .Now we may use any desired voltages in 
plate and grid circuits, whereas with the method of diagram 1 these voltages would have to increase with 
every added tube or stage, and would become impracticably high after two or three stages of amplification. 

In diagram 2 we still have the coupling resistor Ro in the plate circuit of the first tube and in the grid 
circuit of the second tube. The grid circuit now extends through capacitor Cc, then through resistor Ro, and 
capacitor Cd back to the cathode. Since this grid circuit need carry only the alternating voltages of the sig-
nal taken from across resistor Ro there is no objection to having the capacitors in series with the signal 
path. Between the grid and cathode of the right-hand tube must be some provision for grid bias voltage and 
for a conductive grid return path. 

Diagram 3 of Fig. 18-4 shows the circuit of diagram 2 rearranged in a practical manner, or in the form 
which you will find used to show resistance'coupling in circuit diagrams for radio and television. Changes 
include ground connections at the tube cathodes and for capacitor Cd, also the usual grid resistor Rg lead-
ing to the bias source and to the grid return connection. 

As shown by Fig. 18-5 we may substitute inductive reactances for one or both the resistances in the 
coupling system. At the left, inductor or coil Lo has been put in place of resistor Ro, and at the right there 
has been substitution also of inductor Lg in the place of grid resistor Rg. Coupling inductor Lo is in both 
the plate circuit of the first tube and the grid circuit of the second tube, just as coupling resistor Ro was 
in both circuits. 
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The method of coupling illustrated by Fig. 18-5 was first employed in audio-frequency amplifiers. Nowa-
days you will find this general principle employed chiefly for television intermediate-frequency amplifiers 
and in quite a few radio-frequency amplifiers of television receivers. The usual name for this system is im-
pedance coupling, which refers to the impedance due to combined inductance and resistance in the coil.An-
other name which is technically correct is direct inductive coupling, but this use of the word inductive is 
likely to lead to confusion with another type of coupling soon to be examined. 

Any attempt to substitute capacitive reactance for the coupling resistance, or coupling inductance and 
inductive reactance, results in the same difficulty encountered in Fig. 18-3 diagram 3. That is, the coup-
ling capacitor forms an open circuit for both the plate return to its cathode and for the grid return to the 
other cathode. A capacitor in this position would have to have a resistor connected across it to provide the 
necessary conductive return paths, and such coupling would have most of the characteristics of resistance 
coupling. There would, of course, be reduction of capacitive reactance at higher frequencies and increase 
of this reactance at lower frequencies in the band being handled by the amplifier. 

Coupling by means of a common capacitive reactance connected as shown by Fig. 18-6 is found in a few 
television amplifiers. Capacitor Cb and its capacitive reactance are common to the first plate circuit and 
the second grid circuit, and are considered to provide the coupling. Capacitors Ca and Cc block or isolate 
the high 13+ voltage forthe first plate and the biasing voltage for the second grid, and at the same time have 

+ 90 

BIAS 
B+ 

POWER 
SUPPLY 

Cc 

BIAS 

Cd 

Fig. 18-4. Resistance coupling from the plate of one tube to the grid of a following tube. 
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Cc Cc 

18-5. Impedance couplings which employ a coil or inductor as the common element. 

considerable effect on coupling. Increasing the capacitance at Ca and Cc allows greater transfer of signal 
energy, while increasing the capacitance at Cb lessens the signal transfer. 

There are numerous other arrangements whereby a single resistance or reactance or impedance is included 
as a part of two circuits, and sometimes as a part of more than two circuits. All the circuits then are coup-
led, and energy will pass from one to another. We shall not go into the details of all these coupling modifi-
cations right now. ft will be better to give them consideration as we come to the parts of receivers in which 
such coupling methods are used. 

0 INDUCTIVE COUPLING. There is one highly important type of coupling in which the element common to 
the coupled circuits is not a resistance or any kind of impedance, but instead is a common magnetic field. 
If two conductors, two coils, or two circuits are close together, and if there is a changing current and the 
accompanying expandingand contracting magnetic field in one,the lines of that field are going to cut through 
the conductors of the other coil or circuit. This cutting will induce an emf in the other circuit, and if the 
other circuit is closed or complete there will be a current in it. This is the action called mutual induction. 

Cb 

Cc 

BIAS 

Fig. IR-6. One type of capacitance coupling from plate to grid. 
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Vig. 18-7. Changes in relative positions of coupled coils 
transfer of energy. 

varies the degree of coupling and the 

Energy is expended in the first circuit to provide its magnetic field. When an enif and current are in-
duced in the other nearby circuit there will be energy in the moving electrons of that current. This energy 
must come from ihe first circuit, the one in which occured the original change of current and movement of 
magnetic lines. This transfer of energy from one circuit to another occurs through a form of coupling. The 
two circuits are coupled by mutual induction. Such an arrangement is spoken of as an inductive coupling. 

Two coils, inductively coupled,are shown in Fig.l8-7. At lthe axes of the two coils are in line witheach 
other and the coils are quite close together. There would be considerable energy transfer, or, as we usually 
would say, there is a close coupling or a tight coupling. There is reduced energy transfer when the twoaxes 
are at an angle with each other as at 2, although each axis still passes through the other one. When there 
is reduced energy transfer we say that the coupling is loose or weak. If the two axes are at right angles 
and still intersecting, as at 3, there is still weaker coupling and less energy transfer. In fact, so long as 
the axes continue to intersect and there is no change in distance between coil centers, this position pro-
vides the least or loosest coupling. 

If the coil axes are parallel but not in line, as at 4, the coupling is weaker and the energy transfer less 
than at 1, although there has been no change in the distance separating the coils. The coupling is made 
looser and energy transfer less by moving the coils apart with their axes still in line, as at 5. There would 
be the maximum coupling if both coils were of exactly the same shape, size, and construction, and if both 
could occupy the sanie space. Since this is impossible, the closest coupling of two coils is shown at 6, 
where one coil is wound directly over the other one with the axes and centers in line. 
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MOTION OF FIELD 

Fig. 18-8. Opposing emf's are induced in opposite sides of a coil turn. 

Inductive coupling is due wholly to cutting of conductors in one coil by magnetic lines produced in an-
other coil. Whatever increases the number of cuttings increases the coupling and the energy transfer, and 
whatever decreases the cuttings lessens the coupling and energy transfer.Three changes illustrated in Fig. 
18-7 may be explained on this basis. At I and 5 the second coil is moved into a position where the mag-
netic field of the first coil is less concentrated or has fewer magnetic lines in a given area. At 6 the sec-
ond coil is in a position where every magnetic line moving out of and back into the first coil has to cut 
through the second one, while at 1 a great many of the lines curve around and re-enter the first coil before 
cutting the turns of the second coil. 

At 3 in Fig. 18-7 there is no decrease in the number of cuttings as magnetic lines from either coil pass 
through the turns of the other coil, yet there is a great decrease of coupling. For the explanation we must 
remember that energy transfer results from emf's and currents induced in one coil by movement of the mag-
netic field from the other coil. Then we may look at Fig. 18-8 to see what happens when the axis of one 
coil is at right angles to the axis of the other coil. If we consider the magnetic lines as moving from left to 
right there will be emf's induced in the two sides of each coil turn as shown by arrows. Since the magnetic 
lines move the same direction through both sides of the coil, the induced emf's must be of the sanie polar-

Fig. 18-0. Two windings coupled by means of common iron or steel core. 
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ities. The diagram shows both emf's acting upward. But in the coil turn these two emf's are acting oppo-
sitely, one is trying to produce electron flow in a clockwise direction and the other in a counter-clockwise 
direction around the coil turn. The net effect of the opposed emf's is practically no current, no energy trans-
fer, and no coupling. 

The coupling in diagram 2 of Fig. 18-7 is reduced for the reason just explained with reference to diagram 
3, except that the reduction is not so great because the coil axes are not at right angles to each other. 

There is something else we may do to increase the number of cuttings; we may increase the inductance 
of the coil in which the magnetic field is produced. You will recall that inductance is a measure of the 
ability to produce magnetic lines or magnetic flux. More inductance then must mean more lines, and more 
lines moving together must mean more cuttings, more induced emf, more energy transfer, and more coupling. 
Ve may go back to all the factors that increase the inductance, and consider each of them as a means for 
increasing the coupling. 

Fig. 18-9 illustrates still another way of increasing the coupling between two coils. Here the two coils 
are wound on a single core of iron or steel. The permeability of iron or steel is so very much greater than 
of any other substances that the presence of the core within each coil greatly increases the inductance and 
the number of lines produced by any given current. But fully as important, maybe more important, is the fact 
that the continuous path of iron or steel insures that almost every magnetic line produced by one coil will 
go through the other coil. It is so m uch easier for the magnetic force to act through the iron than through 
any other substance around the coils that hardly any of the force or the lines will escape from this magnetic 
circ uit. 

.COEFFICIENT OF COUPLING. We have been talking about greater or less degrees of energy transfer 
with couplings which are tight or loose, but nothing has been mentioned about any unit in which to measure 
the couplings. There is such a measure; it is called the coefficient of coupling. If there is maximum pos-
sible coupling the coefficient of coupling would be 1.0. All lesser couplings have coefficients less than 
1.0, and no coupling at all would have a coefficient of 0.0 or zero. In service operations, and even in ex-
perimental design work, it is practically never necessary to either compute or measure coefficients of coup-
ling, or to have anything else to do with them in a technical way. When you need more energy transfer you 
increase the coupling until satisfactory results are obtained, and if you want less energy transfer you les-
sen the coupling — without worrying about the coefficient as a fraction in either case. 

In order to compute the coefficient of coupling for circuits having a common resistance or impedance it 
would be necessary to know the value of that common element and also the values of resistances or impe-
dances in each of the coupled circuits. Then we multiply these latter resistances or impedances together 
and extract the square root of the produce. This square root is divided into the resistance or impedance 
which is common to both circuits, and the quotient is the coefficient of coupling as a fraction. 

Coefficients of coupling sometimes are expressed as per cents. Multiplying the fraction by 100 changes 
it to the equivalent per cent. As an example, measurements of antenna couplers for radio receivers would 
usually show coefficients of coupling between 0.02 and,010, which are equivalent to couplings between 2% 
and 10%. 

MUTUAL INDUCTANCE. It was just explained, in connection with coefficient of coupling, that the de-
gree of coupling depends on the resistance or impedance of an element that is common to both the coupled 
circuits. There is no common resistance, inductance, or capacitance with the inductive couplings shown by 
Figs.18-7 and 18-9. The only thing common to both circuits is the magnetic field, and thee is no suchthing 
as resistance or impedance of a magnetic field. There is, however, one other common thing which does not 
show up in pictures or diagrams; it is the mutual inductance of the two couples circuits. 
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Fig. 18-10. Self-inductances of coils have added to them the mutual inductance when the coils are coupled. 

Mutual inductance is inductance added to the sum of the inductances of two coupled circuits, and added 
because of the fact that the circuits are coupled inductively. At the left in Fig. 18-10 is represented a coil 
whose self-inductance is 75 micro-henrys, and next to it is another coil whose self-inductance is 15 micro-
henrys. The sum of the self-inductances is 90 microhenrys. If the two coils are inductively coupled, as at 
the right, with a coupling coefficient of about 10 per cent, the total inductance will be about 93-1/3 micro-
henrys. The added 3-1/3 microhenrys is due to mutual inductance. It is due to the induction (production of 
emf's) that results from the magnetic field of one coil cutting the turns of the other coil, whereas the self-
induction in each coil is due to the magnetic field cutting the turns of the coil in which the field is being 
produced. 

Mutual inductance is measured in henrys, millihenrys, and microhenrys, just as is self-inductance. The 
symbol for mutual inductance is the capital letter M. 

If you consider the fact that a magnetic field may spread to a great distance from the circuit in which the 
field is produced it is easy to realize that circuits and coils which are well separated in space still may 
have inductive coupling. This coupling at a distance may be undesired, and it may cause many difficulties 
because signals get into circuits where they don't belong. 

There may be similar unwanted couplings by means of resistances or impedances common to two or more 
circuits. For example, resistances in a power supply may be in the plate, screen, or grid circuits of two or 
more tubes, and stages containing those tubes may be coupled when their operations should be entirely in-
dependent.ln this lesson we are talking about methods of obtaining couplings. Sometime later we shall have 
to learn how to prevent couplings. 

COUPLING WITH TRANSFORMERS. Fig. 18-9 shows one type of the device which we call a transformer. 
The coupled coils at the right in Fig. 18-10 is a transformer. The antenna coupler of Fig. 18-1 is a trans-
former, and i-f transformers are pictured by Fig. 18-2. Radio and television receivers have lots of trans-
formers. We may define a transformer as consisting of two or more windings or coils having a common mag-
netic circuit or magnetic field, whereby a varying current in one winding induces a varying emf in the other 
winding. A transformer is a coupling device in which energy transfer occurs because of mutual induction. 
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Fig. 18-11 shows, by means of symbols, how transformers may be used to couple an antenna to the grid 
circuit of the first amplifier tube and to couple the plate circuit of the first tube to the grid circuit of a sec-
ond amplifier. The transformer coupling or inductive coupling between the two tubes would serve the same 
purpose as the resistance coupling of diagram 3 in Fig. 18-4. 

Transformer symbols such as found in circuit diagrams are shown by Fig. 18-12. The symbol at 1 repre-
sents any air- core transformer in which the two windings are in fixed positions, not adjustable. If the coup-
ling of the air-core transformer may be varied or adjusted, this feature may be shown by the symbol at 2. An 
iron or steel core of the general style represented in Fig. 18-9 is shown by the symbol at 3. The iron core 
thus indicated would be made up from thin sheets held tightly together, and would be suitable for use at 
audio frequencies and at power line frequency, but not at intermediate and radio frequencies. For these 
higher frequencies the transformer may have a core of finely divided or powdered iron cemented into suit-
able shape. A powdered iron core may be indicated by the transformer symbol at 4. 

If an entire powdered iron core or part of such a core is movable as a means for varying the inductance or 
coupling, this fact may be shown in a symbol as at 5 or 6 in Fig. 18-12. Sometimes there are connections, 
called taps, between the outer ends of a winding or coil. These are indicated as in the symbol at 7. Vari-
ous features of all the symbols may be combined. For example, at 8 is represented an air core transformer 
with both windings tapped.Nlost transformer symbols show the two windings with the same number of loop s, 
and side by side, but occasionally you will find other arrangements, such as the one at 9. Any transformer 
symbol is easily recognized, for whenever two or more coils are drawn in such positions as to indicate a 
close relation between them, the complete symbol practically always means some type of transformer. 

The transformer winding in which changes of current produce a varying magnetic field is called the pri-
mary winding of the transformer. The winding in which an emf is induced by the varying magnetic field is 
called the secondary. Power or energy enters the transformer through its primary, and leaves by way of the 
secondary. The primary is connected to a source of power or energy, the secondary is connected to a load 

TRANSFORMERS -\ 

BIAS 

Fig. 18-11. Antenna coupling and interstage coupling bymeans of transformers. 
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Fig. 18-12. Symbols used to indicate transformers in circuit diagrams. 

in which the energy is used or changed to another form. Symbols do not indicate which winding is the pri-
mary and which is the secondary. These things are evident from the manner in which the transformer is con-
nected to other circuits. 

LINK COUPLING. Two coils or two circuits which are too far apart or otherwise positioned to prevent a 
single magnetic field from extending through both may be inductively coupled with a link connection as 
shown by Fig. 18-13. This method is suitable where the coils to be coupled are of the air-core type or any 
other type working at radio frequencies. Link couplings are used for some measurement operations in ser-
vice work. 

The two link coils should be alike in diameter, length, and number of turns. They need have only a few 
turns,maybe four or five for use at very high frequencies and up to something like twenty for standard broad-
cast frequencies. The two-conductor line between the link coils may be of any insulated wire. Its length 
may be as much as two or three feet without much loss of coupling ability. 

1-> 
*---/ DIRECT CURRENT BLOCKING IN COUPLINGS. Always it is necessary to have direct current in the 
plate circuit of all tubes working as amplifiers, oscillators, detectors, and for other purposes. This direct 
current is the electron flow which is made to increase and decrease by the signals. The variations of direct 
current represent the signal, and by themselves would be an alternating current. The plate current of a tube 
which is carrying a signal is really an alternating current combined with a direct current. We may call this 
combination current "a direct current with an alternating component" or we may say that the alternating 
current is superimposed on the direct current. 

We may represent the direct plate current, with no signal, as at the left in Fig. 18-14, and may show the 
alternating signal current by itself as at the center.Then the plate current would be represented at the right, 
This plate current still is direct current, for it always is in the same direction or always is in the direction 
which we are calling positive. But the direct plate current becomes alternately more positive and less posi-
tive. Its peaks have a voltage equal to the sum of the original direct voltage plus the alternating peak volt-
age. Remember, alternating peak voltage is measured from zero to either the positive or negative peak of 
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Fig. 18-13. A link coupling. 

the alternating wave. The minimum voltage at the dips in the combination direct current is the difference 
between the original direct voltage and the peak alternating voltage of the added signal. 

Only the alternating component of the plate current is passed on to the grid of the following tube with 
types of coupling in general use. The direct current portion must be left behind. Incidentally, when we 
speak of the alternating component in the plate current we may speak also of the direct component.The 
direct component is the original direct current with no signal, and it is also the direct current that will re-
main after the alternating component is removed and sent on to the following grid circuit. 

The alternating component of plate current is separated from the direct component as illustrated in Fig. 
18-15. At the left we have a resistance coupled arrangement like the one at 3 in Fig. 18-4. At the right we 
have transformer coupling, as in Fig. 18-11. The paths followed by direct plate current or the direct com-
ponent of plate current are shown by heavy lines. With resistance coupling this d-c path extends through 
the tube, the power supply from ground to B+, and through coupling resistor Ro. With transformer coupling 
the d-c path extends through the tube and power supply, and through the primary winding of the coupling 
transformer. 

Direct current and its accompanying highly positive voltage are blocked from the following grid circuit 
in the resistance coupled stage by capacitors Cc and Cd. Direct current cannot. pass through the insulating 
dielectric of a capacitor. With transformer coupling it is impossible for the direct current and voltage to get 

o 

Fig. 18-14. Direct current (left) with addition of alternating current (center) becomes direct current 
with an alternating component (right). 
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Fig. 18-15. flow alternating signal currents are separated from direct plate currents with resistance 
coupling and transformer coupling. 

through the transformer, because the only connection between primary and secondary windings is the mag-
netic field. The two windings are completely insulated from each other. 

The path of alternating signal currents is shown by full- line arrows in both diagrams of Fig. 18-15. This 
path is the same as that for direct current, with one exception. Bypass capacitors Cd provide a path of low 
capacitive reactance through which the alternating signal voltage and current may get from the 13+ end of 
the plate circuit to ground and back to the tube cathode without having to go through the power supply. By 
using enough capacitance at Cd the reactance of these capacitors may be made so small as to offer much 
less opposition to signal currents than the path through all the parts of the power supply. 

The alternating signal voltage in resistor Ro of the resistance coupled system is also in the following 
grid circuit, it is the source of signal voltage for the grid circuit. The path of signal voltage in the grid cir-
cuit is shown by broken-line arrows. The alternating signal voltage acts easily through capacitor Cc on the 
high side and through capacitor Cd on the low side or ground-cathode side of the grid circuit. 

ith transformer coupling the alternating component of the plate current produces around the primary wind-
ing a magnetic field which expands and contracts in unison with signal changes. The moving field cuts 
through the turns of the secondary winding and in this winding induces emf's which correspond to the sig-
nal.These signal emf's cause alternating signal current to follow the grid circuit path shown by broken-line 
arrows. here we have a bypass capacitor Cb which lets the signal voltages act through ground to the tube 
cathode without having to go through whatever circuits are furnishing the grid bias voltage. 

a ther methods of separating alternating signal voltages from direct currents in plate circuits provide ad-
vantages desired in some applications. For example, with iron-core coupling transformers it is desirable to 
keep direct current out of the primary winding, because the greater the current in the transformer the less 
becomes the permeability of the iron, and the less the inductance of the windings. Also, when very high 
voltages are used in the plate circuit and in the transformer primary, the entire transformer must be insu-
lated to withstand these voltages. gith only the voltages used in grid circuits much less insulation would 

be needed. 
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Requirements such as just outlined are met by using a style of connection called shunt feed or parallel 
feed, as illustrated by Fig. 18-16. Direct plate current flows only in the parts shown by heavy lines. In 
series with plate resistor R is a choke coil or inductor whose inductive reactance and opposition to flow of 
alternating current are high at the signal frequencies being handled. This reactance and the resistance at 
R force alternating signal currents in the plate circuit to take the easier path shown by full-line arrows, 
through capacitor Cc, the transformer primary, and ground connections back to the tube cathode. Signal 
voltages induced in the transformer secondary act in the following grid circuit as shown by broken line ar-
rows. There is no direct current and no plate voltage in either side of the transformer. As a means for dis-
tinguishing the two methods of "feeding" direct current to the plate and taking it from the plate, the one 
shown at the right in Fig. 18-15 may be called a series feed. 

In Fig. 18-16 the grid bias voltage for the second tube is secured from a resistor in series with the cath-
ode. This cathode bias might be used with any of the other circuits shown earlier without altering the prin-
ciples of coupling. All the tubes shown in diagrams of interstage couplings have been triodes. Any or all 
of them might be changed to pentodes or to beam power tubes without altering the coupling methods. 

ALTERNATING VOLTAGES AND CURRENTS. We seem to be working more and more with alternating 
voltages and currents, largely because all signals for radio and television are essentially of these forms. 
Soon we shall investigate the performance of power supply systems, and there be dealing with alternating 
voltages and currents which come from the supply lines. In view of all this it may be well to briefly review 
some of the fundamental facts relating to such voltages and currents. 

Many times you will come across the term "sine wave," which refers to the manner in which an ideal al-
ternating current or voltage varies with reference to time, The meaning of a sine wave is illustrated by Fig. 
18-17. On the left is a circle around which a point is rotating at uniform and constant speed. If you could 
stand off to one side and look toward the edge of the circle, that point would appear to move up and down, 
repeatedly. Were this up and down motion represented as a wavy line, progressing the same horizontal dis-
tance during every second of time, the line would appear as at the right. It would be a sine wave. This is 
the manner of variation of alternating voltage or current assumed in all simple computations involving these 
quantities. Unless specifically stated otherwise, we always are assuming a sine wave voltage or current. 

Fig. 18-16. Shunt feed or parallel feed as used with transformer coupling. 
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Fig. 18-17. The development of a sine wave, the ideal waveform for alternating voltage and current. 

One complete series of changes of voltage or current is called one cycle. For some purposes it will be 
convenient to think of a cycle as consisting of 360 electrical degrees, to correspond with the 360 angular 
degees through which the point moves in going around one complete circle. A half-cycle then is 180 elec-
trical degrees, a quarter-cycle is 90 electrical degrees, and so on. A half-cycle may be called an alterna-
tion. 

Fig. 18-8 shows several of the values which apply to sine wave voltages or currents, The maximum value 
with reference to zero, in either direction, is the peak voltage or current. As mentioned in an early lesson, 
the effective value of an alternating voltage or current is the number of volts or the number of amperes which, 
in a direct current, would cause the same heating effect as would be produced by this alternating current. 
When we speak of an effective alternating voltage or current we simply are saying that this alternating vol-
tage or current would do the same heating as a direct current of the specified number of volts or amperes. 

The effective value of a sine wave voltage or current is 0.707 times the peak value. The peak value in a 
sine wave is 1.414 times the effective value. These ratios hold only for sine wave voltages and currents, 
not exactly for any other waveforms. The average value during any number of complete cycles is zero, be-
cause there is the same voltage and current both ways from zero. 

The amplitude of an alternating voltage or current is its greatest departure from zero in either direction. 
When the two peaks are equal, the amplitude is the same as one of the peaks (as the peak value) but only 
then. Peak-to-peak voltage, which we often hear of in television, is the sum of the two opposite peak volt-
ages. It is not the same as amplitude, although in a sine wave it would be twice the amplitude. As we con-
tinue with our work you will use these values so much as to become well acquainted with all of them, but it 
is well to have the whole collection together in this one place as a sort of reference. 
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Fig. 18-18. Values in a sine wave alternating current or voltages. 
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RECTIFIERS FOR POWER SUPPLIES 

All the tubes in every receiver require direct current and voltage for their plates and also for screens 
where screens are used. Many tubes require also a direct voltage for grid bias. All picture tubes require high 
values of direct voltage for acceleration of beam electrons, while electrostatic tubes require other high 
voltages for their deflection plates. Finally, all tubes must be supplied with voltages and currents suitable 
for heating their cathodes. 

The high voltages and the low ones, the large currents and the small ones, all must come from the power 
supply sections of the receiver. In any ordinary radio or television receiver there are more wires and con-
nections in the power supply circuits than in all others put together. Except in the relatively few portable 
eadios which are battery powered, and the still fewer sets made to operate on direct-current lines, all power 
comes originally from the same alternating-current lines that furnish power for lamps, appliances, and elec-
trical machinery in general. 

In every television receiver there are at least two principal divisions of the power supply system. In 
Fig. 19-1 these are shown connected to a picture tube and to a single pentode tube whose plate, screen, 
and grid circuits may represent such circuits for all the other tubes in a receiver. The section called the 
high-voltage power supply furnishes direct potential differences ranging from 5,000 to 15,000 volts or more 
for beam acceleration in all types of picture tubes and for deflection plates of electrostatic tubes. This 
high-voltage power supply obtains its energy from the low-voltage power supply. 

The low-voltage power supply delivers direct potential differences up to a few hundred volts for the high.. 
voltage supply section, also for plate, screen, and grid bias circuits of all tubes other than the picture tube, 
and usually to any elements of the picture tube which operate at voltages within this range. In addition, the 
low-voltage supply furnishes alternating voltages and currents for the heater-cathodes and for any f ilament-
cathodes which may be used in the tubes. 

The power supply sections of a receiver must do these four things: 

1. Produce pulsating direct voltages and currents from the alternating voltage furnished by the line. 

2. Change the pulsating voltages and currents to steady or smooth forms. 

3. Raise or lowerthe line voltage as may be required to suit the needs of plate, screen, and grid circuits. 

4. Lower the alternating voltage of the power line to values suitable for heater-cathodes and filament-
cathodes in the various tubes. 
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Fig. 19-1. Connections for low-voltage and high-voltage power supplies of a television receiver. 

Let's consider these four requirements, one at a time, and see what is needed to satisfy them. The first 
requirement is for direct voltages and currents. To produce direct voltages and currents from alternating 
line voltage it is necessary to have one or more rectifiers. As we have learned, when alternating voltage is 
applied to a rectifier there is electron flow in one direction but not in both directions. Electron flow in one 
direction is direct current. 
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Fig. 19-2. The power transformer and rectifier sometimes are replaced by a voltage multiplier. 

The second requirement is for smooth or steady direct voltages and currents. The direct current from a 
rectifier consists of intermittent pulses rather than of the steady current required by plate and screen cir-
cuits and by circuits in which grid bias voltage is developed. The pulses are smoothed out in a part of the 
power supply called the filter. Every power supply must have one or more filters. 

The third requirement is for voltages of values suited to the various tube elements and receiver circuits. 
In some of the smaller and less costly sound radio receivers all plates and screens are operated at voltages 
in the neighborhood of 100 to 115 volts, which are easily obtained from the power line without any step-up. 
Any lower voltages are obtained by employing resistors to use up or drop a portion of the higher voltages. 

In most radio receivers and in all television receivers it is necessary to have voltages much higher than 
can be obtained directly from the line. There are two distinctly different ways of raising the line voltage, or 
of raising voltage taken from the line. One way is to use a transformer. The dictionary says a transformer 
is an apparatus for transforming electric current from a high to a low potential or vice versa. The original 
use of transformers, and still their most important use in the electrical industry, is for raising and lowering 

voltages. 

The other way of raising the voltage obtained from the line is to employ voltage multiplier circuits. These 
are combinations of rectifiers and capacitors so connected that two or more capacitors are individually 
charged to line voltage, then discharged in series either with one another or the line so the several voltages 
add together. This method is used in the numerous smaller and less costly radio and television sets often 
referred to as transformerless receivers. Fig. 19-2 illustrates in a simple manner the relations between 
parts of power supplies with and without transformers. 

Whenever the need is for a voltage lower than that furnished from the line, from a transformer, or from a 
voltage multiplier, part of the original high voltage is used up or dropped in one or more resistors. Such 
resistors sometimes are connected into a circuit arrangement called a voltage divider. 

The fourth of our original requirements calls for alternating voltages lower than line voltage, as needed 
for cathode heating. There are two different ways of supplying these lower voltages. First, if a transformer 
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is used for raising the line voltage the same transformer may be used for lowering the line voltage to values 
suited for heaters and filaments. A single transformer connected to the power line may be designed to furnish 
any number of higher and lower voltages to the receiver circuits. The power supply transformer of Fig. 19-3 
has leads or connections for furnishing many different voltages. 

The other way of operating heaters or filaments at voltages lower than line voltage is to connect a number 
of them in series across the line. For example, if we connect in series with one another the heaters of enough 
tubes to have a total voltage requirement of 117 volts, that series "string" of heaters may be connected 
directly across a 117-volt line. Usually one or more series resistors must be inserted to have the necessary 
voltage match. 

Fig. 19-3. A typical radio power transformer. 
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The accompanying chart or table summarizes the four requirements for power supplies and lists the appa-
ratus or methods employed for meeting each of the requirements. The right-hand column of this summary forms 
a list of things which we shall examine while getting acquainted with low-voltage power supplies in general. 

LOW-VOLTAGE POWER SUPPLIES FOR RECEIVERS 

Requirements Apparatus and Methods 

1 Direct voltages and 
currents from  > Rectifiers 

alternating voltage 

2 Smooth direct voltages Filters 
and currents 

Transformers 

3 Direct voltages Higher —> Voltage multipliers 

which differ from —> 
line voltage Resistors 

Lower 
Voltage dividers 

4 Alternating voltages Transformers 
lower than Series heaters and 

line voltage filaments 

RECTIFIERS. An electronic tube employed as a power supply rectifier needs for its elements only a heated 
cathode and a relatively cool plate. Rectifier tubes are made with either filament-cathodes or heatep..cathodes. 
As a general rule a rectifier designed to handle large current or for use at very high voltages will have a 
filament-cathode, while one for smaller currents and lower voltages usually has a heater-cathode. 

All electronic tube rectifiers used in radio and television receivers are of the vacuum type, in which 
nearly all air and other gases have been pumped out of the glass or metal envelope to leave a nearly perfect 
vacuum. In some other branches of electronics, high-power rectifier tubes are of types whose envelopes 
contain mercury vapor or a gas such as argon or neon. Those gaseous rectifiers have less internal resist-
ance between their cathodes and plates than have vacuum types, which is an advantage, but they are quite 
easily damaged by overloading. In addition, some gaseous rectifiers tend to cause severe interference with 
radio-frequency signals. 

When a rectifier is connected in series with a source of alternating voltage and any kind of load, as at 
the left in Fig. 19-4, the rectifier plate will be made alternately positive and negative with reference to the 
cathode. The plate will be positive during half of each voltage cycle and negative during the other half. 
While the plate is positive there will be electron flow from the source through the load, thence from cathode 
to plate inside the rectifier tube, and back to the source. But while the plate is negative there will be no 
electron flow in this path. During each half-cycle of alternating voltage in which the rectifier plate is pos-
itive there will be a pulse of electron flow or current. These intermittent pulses may be represented as 
shown near the load. 

In the left-hand diagram of Fig. 19-4 the rectifier tube has a heater-cathode. The heater for this cathode 
would be provided with voltage and current for heating, taken either from a transformer or from the line. Were 
the rectifier tube to have a filament-cathode, as at the right, the load circuit would be connected to one 
side of the cathode. Again the cathode would require voltage and current for heating the electron-emitting 
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Fig. 19-4. Action of a half-wave rectifier. 

surface. With filament-cathode rectifiers the heating current usually is furnished by a transformer, for if 
taken from the line there would have to be a direct connection between the high-voltage load circuit and 
the line. 

In Fig. 19-5 voltage and current from a transformer are applied to a rectifier having a filament-cathode. 
The primary winding of the transformer is connected to the a-c line, with a switch in series with one lead 
so that the apparatus may be turned on and off. There are two secondary windings, a plate winding and a 
filament winding. Energy from the filament winding serves Dnly to heat the filament-cathode of the rectifier 
tube, taking no further part in the rectifier action. 

One end of the plate winding is connected directly to the plate of the rectifier tube. The other end of this 
winding is connected through the load circuit to the cathode of the rectifier. During half-cycles of alter-
nating voltages which make the rectifier plate positive there will be pulses of electron flow in the direction 
shown by arrows. This flow direction is determined by the rectifier tube, because electrons can pass only 
from cathode to plate within the rectifier. 

So far as the load circuit is concerned, the rectifier and the plate winding of the transformer make up the 
source of direct voltage and current. Since electron flow always is from negative to positive, the positive 
terminal of this rectifier-transformer source is the cathode of the rectifier. Always remember that the cath-
ode of a rectifier is positive when considered with reference to the load circuit. By remembering this one 
fact you always can determine the direction of electron flow is connected circuits and in every part used in 
these circuits. 

HALF-WAVE RECTIFIERS. The circuits illustrated by Figs. 19-4 and 19-5 are of the type called half-
wave rectifiers. Only half of each voltage wave or voltage cycle is rectified, or only half of each cycle is 
effective in producing flow of direct current. 
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Fig. 19-5. Half-wave rectifier connected to a power transformer. 
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Fig. 19-6 shows at the left four cycles of alternating voltage applied to a half-wave rectifier, and at the 
right shows the resulting four cycles of direct current or the four pulses of direct current. We may speak of 
cycles of current because a cycle is any series of regularly recurring events. Each current cycle consists 
of a rise of current, then a drop of current, and an interval of zero current. Then these events repeat. 

The frequency of cuitent from a half-wave rectifier is the same as the frequency of the applied alternating 
voltage, or output frequency is the same as line frequency. If line frequency is 60 cycles per second, output 
frequency will be 60 cycles per second. A sound produced by the output current in a loud speaker would 
have the same fundamental pitch as a sound produced by the line voltage and current. 

FULL-WAVE RECTIFIERS. Now we shall proceed to rectify both half-cycles of the alternating voltage, 
or toproduce direct current pulses in the same direction from both the positive and the negative alternations 
of voltage. First as we shall examine the potentials obtained at the same instants from opposite ends of a 
secondary winding on a transformer. Both these potentials will produce rectified current pulses. 

1 2 3 4 5 
. I i . I 
i i i I I 

1 I I I i I I 1 I 
I   I I 
I I I i 

Fig. 19-6. Current pulses in the output from a half-wave rectifier. 
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®Fig. 19-7 illustrates the changes of potentials in the secondary windings of transformers. As you know, 
secondary potentials result from emf's induced in the secondary winding when there are changes of current 
in the primary winding. When primary current is alternating, the induced secondary emf's and potentials 
likewise must be alternating. 

During some one half-cycle the secondary emf will be acting in the direction shown by diagram A. This 
makes the upper end of the secondary positive with reference to the lower end, and makes the lower end 
negative with reference to the upper end, or we may say that the upper end becomes positive while the lower 
end becomes negative at the same time. Changes of potential at the two ends of the secondary during a 
half-cycle are as shown by the curves. These curves would show also the electron flows were the ends of 
the secondary connected to a closed circuit of any kind. 

During the following half cycle there is reversal of the emf induced in the secondary winding, as shown 
by diagram B. Now the upper end of this winding is made negative with reference to the lower end, and the 
lower end is made positive with reference to the upper end. Again the changes of potential during the half 
cycle are as shown by the curves. These curves would show electron flows to and from the ends of the wind-

ing were there a closed circuit. 

Since cycles of alternating current in the primary winding are continual, the corresponding alternations of 
emf or electron flow in the secondary winding may be shown by the continued curves at C. Note that opposite 
ends of the secondary always are of opposite polarity except during instants in which both pass through the 

zero value. 

In many discussions of transformer action it is assumed, as in diagrams D and E, that either one end or 
the other of the secondary winding remains at zero potential while all alternations of potential and electron 
flow take place at the other end. Such an assumption cannot be correct, because electrons could not leave 
or enter either end of the secondary unless at the same time electrons entered or left the other end, and 
electrons could flow neither toward nor away from any point which remains always at zero potential. 

There is a way of having a point at constant zero potential on a transformer secondary. It is illustrated 
by diagrams F, G, and H of Fig. 19-7. Here there is a connection to the exact electrical center of the second-
ary winding. This connection is called a center tap. We may assume, in diagram F, that the upper end of 
secondary is momentarily 10 volts positive and the lower end 10 volts negative. Midway between these equal 
positive and negative potentials the potential must be zero — just as midway between temperatures of 10° 
above zero and 10° below zero on the thermometer the temKerature must be zero. 

In diagram G the direction of induced emf has reversed, making the upper end of the winding 10 volts neg-
ative and the lower end 10 volts positive. Potential at the center tap still must be zero, for the same reason 
as explained for diagram F. No matter what the end potentials they always are equal and opposite, as shown 
by diagram C, and potential at the center tap always will remain zero. 

At the right in Fig. 19-7 a tap connection has been added at the center of the transformer secondary. The 
potential at this center tap remains zero with reference to potentials at the outer ends or at the top and 

bottom of the secondary. 

Now we go to the left-hand diagram of Fig. 19-8 where our center-tapped secondary winding is connected 
at its outer ends to the plates of two rectifiers, with its center tap connected to both cathodes through a re-
sistor which may represent any load. During the half-cycle here considered the top of the transformer sec-
ondary is positive and the bottom is negative. The plate of the upper rectifier now is positive with reference 
to its cathode, and this rectifier will conduct. The plate of the lower rectifier is negative with reference to 
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Fig. 19-8. Action of a full-wave rectifier using two tubes. 

its cathode, so this rectifier will not conduct. Electron flow is through the path shown by heavy lines, and 
is in the direction indicated by arrows. Remember, the manrer in which a rectifier is connected determines 

the direction of electron flow in the circuit. 

Over at the right in Fig. 19-8 we are considering a half-cycle of voltage during which the top of the sec-
ondary winding is negative and the bottom positive. Now the plate of the upper rectifier is negative with 
reference to its cathode, and this rectifier cannot conduct. But the plate of the lower rectifier is positive 
with reference to the cathode in this tube, so there is conduction. The changed path for electron flow again 
is shown by heavy lines, and the direction of flow is indicated by arrows. 

With the arrangement of Fig. 19-8 we are using both half-cycles of the alternating voltage induced in the 
transformer secondary. Note the direction of electron flow in the load, it is from bottom to top during both 
half-cycles of voltage. This is full-wave rectification. 

„ 
Full-wave rectification circuits ordinarily employ not two separate tubes but a single tube containing two 

plates and a single cathode which serves the sanie purpose as the two directly connected cathodes in Fig. 
19-8. The first three symbols in Fig. 19-9 show the cathode and plate arrangements for generally used full-
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Fig. 19-9. Symbols for rectifier tubes. 

wave rectifier tubes. The first symbol is for a filament-cathode type. The second symbol shows a cathode 
completely insulated from its heaterand having a separate terminal or base pin, while the third symbol shows 
an indirectly heated cathode connected internally to one end of the heater so that one of the base pins 
serves for both cathode and heater. The symbol at the right shows a tube with a separate cathode for each 
of the plates. This is a type used in voltage multiplier circuits. 

At the left in Fig. 19-10 are represented the lternating potentials applied to the two plates of a full-wave 
rectifier tube. The positive alternations are riectified, each positive alternation of both waves producing a 
direct-current pulse from the rectifier output. These pulses are shown at the right. During the period of each 
complete cycle of input voltage there are two positive alternations, one at each end of the center-tapped 

e: transformer winding. During this sanie perio of time there are two current pulses in the output of the rec-
tifier. Consequently, the frequency in the out ut of a full-wave rectifier is twice the frequency of the input 
voltage or is twice the line frequency. If line frequency is 60 cycles per second, the output frequency of a 
full-wave rectifier will be 120 cycles per seco d. 

Looking back at Fig. 19-8 makes it plain 
transformer is working at any one time. Then the 

--->1 
INPUT CYCLES 

that only half the plate winding or secondary winding of the 
voltage accompanying the d-c output current of the full-wave 

I IIII 

1 1 1 1 I 1 
1 1 1 1 1 I 1 
1 I I 1 1 1 1 

— 1.-1-0.1 --> --34 
OUTPUT CYCLES 

Fig. 19-10. Current pulses in the output from a full-wave rectifier. 
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Fig. 19-11. Rectifier tubes and plates connected in parallel. 

rectifier is only that which corresponds to the voltage across one half the secondary winding. If alternating 
voltage from end to end of the secondary winding is, for example, 800 volts we have only 400 volts effective 
at any one time for production of rectified current and voltage in the output. The a-c voltage of this center-
tapped secondary winding usually would be specified as 400-0-400 a-c volts, or as 400 volts each side of 
center tap, or as 800 volts center-tapped, or in some other way making it clear that the overall voltage is 
divided between the two parts of the full-wave rectifier. 

RECTIFIERS IN PARALLEL. Standard types of rectifier tubes are well able to. handle the highest volt-
ages required in low-voltage power supply systems, but quite often the total current required for plate, screen, 
and grid bias circuits is more than can be handled by a single tube. The obvious remedy is to use two or 
more rectifier tubes, and this is exactly what is done in many television receivers and in some of the larger 
radio receivers and sound reproduction systems. In some receivers there are two complete low-voltage power 
supplies, each with its own transformer, rectifier, and filter. Part of the amplifiers and other tubes receive 
plate and screen current from one rectifier, while remaining tabes are connected to the second rectifier. 

Another method of obtaining increased rectifier capacity is shown at the left in Fig. 19-11. The circuit 
connections are the same as in Fig. 19-8, but instead of using rectifier tubes with only a single plate in 
each we now use full-wave rectifiers with the two plates of each tube connected together to form the equiv-
alent of one large plate. The plates are said to be connected in parallel. The filament-cathodes of both 
tubes are similarly connected together, in parallel, and are operated from a single filament winding on the 
transformer. The two cathodes thus connected are the equivaient of a single large cathode. 

Sometimes you will find full-wave rectifier tubes connected in parallel with the method shown at the right 
in Fig. 19-11. here the two plates in one tube are not tied together, but one plate in each tube is connected 
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to one plate in the other tube. W ith this connection there is half the total current in each cathode at all dines, 
since both cathodes are working during both half-cycles or both alternations of the applied alternating volt-
age. With connections as at the left, the cathodes work alternately and ea ch carries the total current during 
one half-cycle. 

RECTIFIER CHARACTERISTICS AND RATINGS. Rectifier tubes, like all other tubes, have plate char-
acteristics showing relations between plate voltage and plate current. Two typical characteristic curves 
are shown in Fig. 19-12. The upper curve applies to the 5U4-G tube and the lower curve applies to the 5Y3-GT 
tube. Both are full-wave rectifiers with filament-cathodes, and both are widely used in radio receivers and 
television receivers. The curves show currents in milliamperes which would flow in the tubes with various 
direct voltages applied between plate and cathode, or they show the voltage drop or loss in the tube for 
various values of current. 

We could compute the apparent resistance between cathode and plate of the rectifiers by multiplying any 
of the voltages by 1,000 and dividing that product by the number of milliamperes of current. Such computa-
tions for the 5U4-G tube (upper curve) would show the apparent internal resistance decreasing from about 
475 ohms at 10 d-c volts to about 280 ohms at 50 d-c volts. With the 5Y3-GT tube (lower curve) the apparent 
internal resistance drops from about 1,000 ohms to approximately 500 ohms between the same applied d-c 
voltages. The 5Y3-GT has about the highest internal resistance of any power rectifier used in radio and 
television receivers. There are a number of commonly used power rectifiers having apparent internal resist-
ances only about one-fourth that of the 5Y3-GT. All the rectifiers having low internal resistances or imped-
ances are of types having heater-cathodes rather than filament-cathodes, but a few of the high-impedance 
rectifiers also have heater-cathodes. 

@In manufacturers' listings of rectifier ratings there always is one called "peak inverse voltage". This 
is the highest instantaneous voltage that the tube will withstand in a polarity opposite to that with which 
the tube is designed to pass current, or with cathode positive and plate negative. With sine wave alternating 
voltage applied to the tube, the inverse peak would be approximately 1.4 times the effective voltage. 

As an example, peak inverse voltage for the 5U4-G tube is 1,550 volts. This would be the peak value in a 
sine wave voltage having an effective value of about 1,100 volts. Then applying more than 1,100 effective 
a-c volts to the 5U4-G ordinarily would cause its breakdown. Peak inverse voltages occur during every half-
cycle in which there is no regular conduction, or during every half-cycle in which the plate is negative and 
the cathode positive. Some of the miniature tube rectifiers have peak inverse voltages as low as 330 to 350 
volts, corresponding to effective a-c voltages of about 240 volts. 

Sometimes there is a rating also for maximum d-c milliamperes delivered to the load. This maximum load 
current from the rectifier varies with a number of working conditions, among which are the kind of filter fol-
lowing the rectifier and the effective value of alternating voltage applied between each plate and the cathode 
of the rectifier tube. Maximum allowable d-c current from a 5Y3-GT rectifier usually is on the order of 125 
milliamperes, and from a 5U4-G rectifier is no more than 225 milliamperes. 

SELENIUM RECTIFIERS. There are many devices other than electronic tubes which are capable of rec-
tifying alternating voltages or of allowing only a pulsating direct current to flow in a circuit to which alter-
nating voltage is applied. Among them are contact rectifiers which employ various combinations of metallic 
elements and compounds that permit current to flow quite freely through the contacting surfaces in one 
direction while offering great opposition to reverse flow. Of the several types of contact rectifiers the one 
using selenium as one of the elements is most suitable for the rather high voltages found in plate and screen 
circuits. Accordingly, we find many of the smaller radio and television receivers built with power supplies 
which include selenium rectifiers instead of tube rectifiers. 
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Fig. 19-13. Selenium rectifiers. 

Fig. 19-13 is a picture of selenium rectifiers capable of furnishing direct currents of 75 and 150 milli-
amperes. Such units, in the several common sizes, measure one to two inches from side to side and up to 
an inch from front to back. Selenium rectifiers, in common with other contact rectifiers, require no heating 
of their cathodes, consequently take no power for this purpose and have no heater wiring. These units are 
mounted on the chassis or any convenient bracket with a screw or bolt which passes through the center hole 
in the rectifier. Thus the usual tube socket is eliminated. 

Types of selenium rectifiers used in radio and television receivers are available in capacities for maximum 
direct-current outputs from 50 to 500 milliamperes. Maximum applied alternating voltage is 130 or 160 volts 
effective or rms value. Peak inverse voltages are 380 or 440 volts maximum. These low limits of voltage 
impose no particular difficulties, since selenium rectifiers seldom are used other than in transformerless 
receivers or power supplies, so are not subjected to anything higher than the alternating line voltage from 

building light and power circuits. 

The usual symbol for a selenium rectifier is shown by Fig. 19-14. It looks somewhat like an arrowhead 
pointed against a bar or line. Direction of rectified electron flow through the rectifier is shown by an arrow. 
While examining wiring diagrams it is convenient to keep in mind that electron flow is against the arrowht ad — 
assuming, of course, that the symbol is used or drawn correctly in the diagram. 
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Fig. 19-14. Selenium rectifier in a Fig. 19-15. Identifying the polarity of 
load circuit. a selenium rectifier. 

The terminal at which electrons enter the selenium rectifier is called the cathode, just as the element of 
an electronic tube at which electrons enter is called the cathode of the tube. The terminal of the selenium 
rectifier from which electrons leave the unit is called the anode. It corresponds to the plate of a tube. In 
fact, the name anode is entirely correct also for the plate of any tube. In nearly every electronic field except 
radio and television the element from which electrons leave any kind of tube is called the anode, not the plate. 

The cathode terminal on some selenium rectifiers is marked CATH, on others it is marked with a positive 
(+)sign, and on still others is marked with a red dot. The anode ordinarily is not marked or specially identi-
fied in any way. If no cathode identification is visible you can check the rectifier polarity with an ohmmeter 
whose positive and negative terminals are known or marked. Resistance of the rectifier in the direction of 
normal electron flow will be only a few thousand ohms, but in the reverse direction will be almost infinite 
on most low-range ohmmeters. 

Another way of checking the polarity of any contact rectifier is illustrated by Fig. 19-15. The rectifier is 
connected in series with one dry cell, a resistor of not less than 1,500 ohms resistance, and a sensitive 
current meter reading not less than one milliampere at full scale. The resistor will protect the meter in case 
the rectifier should turn out to be short circuited. The rectifier should be connected into this circuit first 
one way and then the reverse way and meter readings noted. With the greater of the two meter readings (more 
current) the rectifier anode is toward the positive terminal of the dry cell and the cathode is toward the 
negative terminal or zinc can of the cell. 
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G ) Selenium rectifiers for plate and screen power supplies usually are connected into half-wave rectification 
circuits. An elementary half-wave circuit with a selenium or other contact rectifier is shown by Fig. 19-14. 
These rectifiers can be connected also into full-wave circuits as shown by Fig. 19-16, but then a center-
tapped transformer is needed. Inasmuch as common types of selenium rectifier units will not withstand alter-
nating voltages higher than line voltage, the only purpose of this transformer is to provide a center tap. It 
must not furnish a secondary voltage higher than could be secured directly from the line. The slight advantage 
of full-wave rectification seldom is worth the extra cost of the transformer. 

The bolt or screw for mounting a selenium rectifier should preferably be insulated from chassis metal in 
spite of the fact that the bushing through the center hole of the rectifier usually is insulated from the active 
elements. The primary purpose of the thin metal fins on the rectifier is to assist the transfer of heat from the 
elements into surrounding air. Consequently, the rectifier should be mounted where there is opportunity for 
reasonably rapid circulation of air, and preferably with the fins vertical, as in Fig. 19-13. The location 
should not be close to any large tubes or large resistors which could radiate their heat to the rectifier. Max-
imum safe operating temperature for rectifier elements is 75° C or 167° F. 

The metal fins of seleniumrectifiers are electrically alive, they are conductively connected to the cathode 
and anode terminals. Precautions must be taken to avoid shortcircuiting the fins on other live parts. Rectifiers 
carry currents and voltages at power line frequency, which is within the operating range of audio-frequency 
amplifiers. For this reason the rectifiers should not be located close to audio-frequency circuits in which 
there might be hum pickup, rather the rectifiers should be near r-f or i-f parts of the receiver where the amp-
lifying circuits are not particularly responsive to line frequency. This precaution with reference to rectifier 
mounting position applies also to tube rectifiers of all kinds. 

Any circuit containing a selenium rectifier must be so arranged that the rectifier cannot under any circum-
stances become connected directly across the line without additional resistance in series. With a direct 
connection therectifierwouldpass enough current to heat it to destruction in a very short time. The minimum 
series resistance usually is on the order of 20 ohms. Most of the failures of selenium rectifiers are due to 
current overloads, which result from short circuiting of parts in the load circuit, and from overheating which 
may accompany an overload or which may be caused by lack of ventilation. 

LOAD 

Fig. 19-16. Full-wave rectifier circuits with selenium units. 
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Fig. 19-17. Connections for a full-wave cold-cathode rectifier tube. 

COLD-CATHODE RECTIFIER TUBES. Designers always have tried to avoid the need for hot cathodes, 
with their consumption of heating power and added wiring for heater or filament circuits. In many early radio 
receivers this desire lead to the use of cold-cathode rectifier tubes, among the several types of which you 
still may run across the OZ4 in old equipment. This rectifier is used in a full-wave circuit shown by Fig. 
19-17, where the tube is represented by its usual symbol. The two capacitors across the transformer second-
ary winding are "buffer" capacitors whose purpose is to bypass high-frequency currents caused by rectifier 
action and thus lessen the radio-frequency interference due to this class of tube. 

The cold-cathode tube is not a vacuum type, it is gas filled. In a gas filled tube the change of potential 
in the space between anode and cathode is not uniform, as it is in a vacuum tube. For example, were the 
potential difference between plate and cathode of a gaseous tube to be 300 volts, only about 60 volts would 
be used up in 95 per cent of the distance between tube elements. The remaining 240 volts would act in the 
last 5 per cent of the distance, at the cathode end, so energetically as literally to pull electrons out of the 
cold surface of the cathode material. 

To start the cold-cathode rectifier into action requires a minimum "breakdown" potential differenceof 
300 volts between plates and cathode. Then conduction commences, there is a blue glow near the cathode, 
and the potential drop through the tube decreases to about 24 volts. A current overload will cause a white-
hot spot to appear on the cathode, which is soon destroyed by the intense localized heating. Maximum d-c 
output current of the OZ4 tube is 75 milliamperes. Current through the tube must not drop to less than 30 
milliamperes at any time or else conduction will cease entirely. 

MERCURY-VAPOR RECTIFIERS. Another rectifier formerly used more than at present is the mercury-
vapor type which is shown connected into a full-wave circuit by Fig. 19-18. This tube has a hot cathode of 
the filament type. The bulb is filled with the vapor of mercury and there are a few small drops of the liquid 
metal within the tube. In the vapor-filled space is a blue-green glow while the tube is operating. The small 
black dot in the circle of the tube symbol indicates that the envelope contains a vapor or a gas rather than 
a nearly complete vacuum. The same dot appears on the tube symbol of Fig. 19-17. 

The two mercury-vapor tubes which have been used in power supplies, chiefly for public address and other 
heavy-duty sound systems, are types 82 and 83. Type 82 is now practically obsolete, but type 83 still is in 
use. This latter type is the equivalent of the 5U4-G vacuum rectifier in current handling capacity and voltage 
limits. 
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Fig. 19-18. Connections for a full-wave mercury-vapor rectifier. 

The chief advantage of gas-filled and vapor-filled rectifiers is an internal voltage drop only a small frac-
tion of the drop in vacuum rectifiers. This helps to maintain fairly steady voltages across the loads even 
with rather large variations of current. 

Mercury-vapor rectifiers, like cold-cathode types, produce radio-frequency current changes which cause 
serious interference in receivers. To lessen the interference there are bypass capacitors across the trans-
former secondary winding in Fig. 19-18, also high-reactance inductors called r-f chokes in the plate leads, 
and a grounded metal shield around the entire tube, including its base and socket. Another disadvantage of 
the vapor rectifiers is that their maximum operating temperature should not exceed 140°F, and, to maintain 
vaporization of the mercury, must not fall below 68°F. Mounting must be with the bulb up and the base down 
in order that vapor condensing on the glass will run down into the bottom of the envelope. 
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When first talking about power supplies we looked at a picture of a typical power transformer from which 
extended a number of wire leads or connections for supplying various secondary voltages and for connection 
to the power line. Now we shall take that transformer apart, thus learning how such units are constructed 
while discussing the purposes of the various parts. 

As mounted in a receiver, the power transformer is wholly or partially enclosed by sheet metal covers. 
ith these covers removed, in Fig. 20-1, we can see the steel core and all the wire leads extending out 

from the windings or coil. Always there is a primary winding and one or more secondary windings which, 
considered all together, usually are spoken of as the "coil". Most power transformers are provided with 
leads, like those shown here, for connection into receiver circuits, but some have lugs to which may be 
soldered the receiver wiring. 

The core of the transformer is made up of many thin sheets, called laminations. The laminations can be 
slipped apart and removed from the coil. In Fig. 20-2 the core, after having been removed from the coil, has 
been reassembled to show how it is made. Although the core actually is of a special grade of steel, we usual-
ly speak of it as the core iron. In the core are openings called windows, through which pass the sides of 
the coil. The core iron extends through the center oi the coil and also around on opposite sides. Thus there 
is a complete circuit of iron all the way around the paths followed by the magnetic lines or flux. 

The core is made of thin laminations instead of one or two solid pieces in order to make it more difficult 
for eddy currents to form in the iron. Eddy currents are electric currents induced in the conductive core iron 
by the varying magnetic field, just as currents are induced in the wire of the windings. These eddy currents 
heat the core and cause loss of energy. By using thin laminations insulated from one another the eddy cur-
rents can progress only a little ways in their natural direction of flow, and are kept relatively weak. Cores 
of various thicknesses for transformers of different power handling capacities may be assembled from a 
single shape of lamination. We often speak of a transformer as having a stack (core) of various thicknesses. 

The coil with all its windings appears as in Fig. 20-3. Take note of the little wire sticking out all by 
itself on one side; later we shall see what it is for. In spite of the fact that the coil windings consist of 
flexible copper wire, we find the unit to be very solid and rigid. This is because the spaces in the windings 
have been impregnated with insulating varnish or waxes of suitable compounds, then baked to drive out all 
moisture and leave the completed coil assembly quite resistant to entrance of moisture later on. 

Upon removing the outer covering of heavy kraft paper we come to the winding for the rectifier filament 
or heater, which is pictured in Fig. 20-4. When a rectifier has a filament-cathode or when its cathode is 
connected to one side of the heater, the filament or heater will be at the highest positive potential in the 
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Fig. 20-1. The core and the "coil" of the power transformer, with all the connection leads from windings. 

Fig. 20-2. The core after being taken out of the coil and reassembled. 
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Fig. 20-3. The coil unit in which are all the windings. 

e: '116.,  
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Fig. 20-4. Secondary winding for the rectifier filament. 
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d-c power circuit. Because of this possible high voltage with certain rectifiers the rectifier filament winding 
is separate from the winding which provides heater current for amplifiers and other tubes. In addition, the 
rectifier filament winding must be very well insulated because of its high potential. 

After taking off the rectifier filament winding we come to the amplifier heater winding of Fig. 20-5 which 
furnishes current for heaters of tubes other than the rectifier. The amplifier heater winding and the rectifier 
filament winding provide only low voltages, but they must furnishcurrents of several amperes inmost cases. 
To carry the heavy currents these windings are made of large wire, as is plainly apparent in the pictures, 
but they have only a few turns of this wire. 

VOLTAGE AND TURNS RATIOS. The relation between winding turns and voltage calls for some explana-
tion. Each turn of wire in the primary winding and in every secondary winding is cut by the same lines of 
force when the magnetic field expands and contracts. The emf induced in any one turn of every winding is 
the same as in every turn of every other winding. The total emf induced in any one complete winding is equal 
to this emf per turn multiplied by the number of turns. Consequently, there is a close relation between the 
number of turns in any winding and the voltage which is induced in and which appears across the ends of 
that winding. 

Were you to measure the resistance of the primary winding in a typical radio power transformer it probably 
would be no more than 3 to 4 ohms. Were the primary to be connected to a direct-current power line furnish-
ing 120 volts the small resistance would allow current of 30 to 40 amperes. Power dissipation would be 
about 4,000 watts. The resulting heat would burn out the transformer coil. But if connected to an a-c line 
furnishing 120 alternating volts the primary winding would take only about 1/5 ampere of current provided 
no power were being taken from the secondary windings, and even when handling full rated power the heating 
would be only moderate. 

A transformer must never be connected to a power line furnishing smooth direct current nor to any other 
direct-current source capable of furnishing more than a small fraction of an ampere. The result of connection 
to a strong d-c source is invariably a ruined transformer. Often the wire of the primary will melt apart, and 
in any case the heat is certain to burn away the insulation and allow short circuited turns. 

The instant you connect the primary winding to a source of alternating voltage furnishing the frequency 
for which the transformer is designed, a counter-emf is induced in the winding. If no current is being taken 
from the secondary windings this primary counter-emf is nearly equal to the applied alternating voltage. It 
is the small difference between applied voltage and primary counter-emf that causes the current of about 
1/5 ampere. This current is just enough to supply power for overcoming resistance of the winding wire and 
for eddy current and hysteresis energy losses in the core iron. 

In the primary winding of the transformer which we are taking apart there are 340 turns. With 120 applied 
alternating volts the induced counter-emf, in ourparticulartransformer, is about 118.6 volts. Then the induced 
counter-emf per turn must be very close to 0.35 volt (118.6 volts divided by 340 turns). This induced erpf 
per turn results from cutting of the magnetic field lines through the turns as the field expands and contracts. 

As we shall see when getting back to disassembly of the transformer, the high-voltage secondary winding 
is wound right over the primary winding. Consequently, except for a small amount of "leakage flux" which 
escapes, everymovingmagnetic line which cuts through the primary turns cuts also through every secondary 
turn. This being the case, there must be induced in each turn of every secondary winding an emf of approx-
imately 0.35 volt, the same as induced emf per turn in the primary. 

On the high-voltage secondary winding of our transformer there are 2140 turns. Since induced emf is 0.35 
voltper turn, the total secondary emf must be 749 volts (2140 x 0.35). This secondary emf or voltage existe 
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Fig. 20-5. Secondary winding for heaters of amplifiers and other Lobes. 

when no current is being taken from the secondary winding, or when this winding is open circuited. Incident-
ally, the high-voltage secondary often is called the plate winding, because its principal function is to furnish 
voltage and current for the plates of amplifiers and other tubes in the receiver. 

Now we shall compare the ratio of secondary and primary voltages with the ratio of secondary and primary 
turns. A ratio is the result of dividing one number by another. To compute the voltage ratio we proceed thus: 

749 (secondary volts) 118.6 (primary volts) = 6.3, approximately. 
To compute the turns ratio we make another division, thus: 
2140 (secondary turns) 340 (primary turns) = 6.3, approximately. 

Had our original computation of voltage per turn been carried out to a more exact fraction, which would be 
0.3488 volt, and were the divisions for ratios made with similar exactness, we should discover an important 
fact relating to transformers having iron cores. The fact is: The ratio of induced voltages or emf's is the 
same as the ratio of turns when no currents are being taken from the secondary windings. The ratios do not 
remain equal when secondary windings are delivering currents. 

When we connect the secondary windings to filaments, heaters, plate circuits, and screen circuits, the 
power used in all these circuits must come originally from the line into the primary and thence to the second-
ary windings of the transformer. Primary current will increase to provide for whatever power is being deliv-
ered from the secondary windings, and also to compensate for additional losses due to voltage drops in the 
windings and to stronger magnetization of the core iron. Primary voltage will remain equal to line voltage, 
but secondary voltages will drop. The voltage drop in the secondaries is due largely to an effect by which 
secondary currents tend to produce magnetic flux in opposition to flux produced by primary current, thus 
lessening total effective flux and induction.With all secondary windings delivering their full rated currents, 
the voltage from the plate winding of our particular transformer will drop from 749 to about 700, and other 
secondary voltages will drop as explained below. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 20 — Page 6 

The same induced emf or voltage per turn exists in all windings.On the rectifier filament winding of Fig. 
20-1 there are 16 turns. With the induced emf of 0.35 volt per turn we have, 

16 (turns) x 0.35 (volt) = 5.6 volts. 

This is the voltage with no current drawn from the rectifier filament winding. When this secondary winding 
furnishes 3.0 amperes for the fiiament-cathode of a 5U4-G rectifier tube the voltage will drop to 5.0, which 

is correct for this tube. 

On the amplifier heater winding of Fig. 20-5 there are 20 turns. Then, 

20 (turns) x 0.35 (volt) = 7.0 volts, with no current from the winding. 

Should this secondary winding furnish a total of 3.5 amperes for heaters of various tubes in the receiver 
its output voltage will drop to 6.3, which is standard heater voltage for a great many types of tubes. 

®The transformer with which we are working furnishes secondary voltages both higher and lower than voltage 
from the power line to the primary.A transformer which supplies secondary voltage higher than primary voltage 
is a step-up transformer. One which supplies secondary voltage lower than primary voltage is a step-down 
transformer. Our transformer furnishes secondary voltages which are stepped up and stepped down, it is a 

combination type. 

VOLT-AMPERES. We have learned that power is measured in watts. This is true in circuits having only 
resistance, and neither inductance nor capacitance producing any appreciable reactance to alternating cur-
rents. It is true also in circuits carrying only smooth direct current, for there can be no reactance unless 
the current varies. In circuits such as just mentioned we may use this formula. 

Watts = volts potential difference x amperes of current 

Heaters and filaments in tubes have no appreciable reactance. A rectifier filament taking 3 amperes at 5 

volts is using power at the rate of 15 watts. 

In circuits which do contain appreciable reactance, due either to inductance or .capacitance, a great deal 
of the input current (as primary current in a transformer)merely builds up magnetic fields. Much of the power 
or energy from this current is returned to the line when magnetic fields collapse. The input current may 
merely charge capacitors, which return most of the energy when they discharge. These currents furnish no 
useful power in the output of the circuit, they furnish no power which is correctly measured in watts. 

Were you to measure the volts and amperes out into a transformer primary from the line, the product of 
volts and amperes would be considerably greater than the number of useful watts of power being taken from 
the secondaries. Yet the portion of the input current which only builds up magnetic fields, or a portion 
which would charge capacitors,should be given consideration because this current flows in the primary and 
the line connections and causes heating and loss of energy. To make allowance for the energy wasted by 
the "wattless" currents we measure power input to a transformer in volt-amperes, not in watts. Volt-amperes 
of power are equal to the product of input volts and input amperes. We might say that volt-amperes measure 
total power consumed, even though part of it is wasted, while watts measure total power which does some-

thing useful or desired. 

In many cases the output power from a transformer secondary goes to a circuit containing considerable 
reactance. This happens when the plate winding feeds a filter, for in filters there is a great deal of capac-
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itive reactance, in capacitors, and often inductive reactance in choke coils. Then we have wattless currents 
in the filter and in the plate winding. For such reasons, it is desirable,and is common practice,to rate trans-
former output power as well as input power in volt-amperes. 

This brings us to a second fundamental fact relating to transformers: Except for losses in the winding 
conductors and in the core iron, output volt-amperes will be equal to input volt-amperes. 

The power transformer with which we are working has output ratings shown by the accompanying list,which 
includes also the corresponding volt-amperes of power. Although the plate winding ordinarilywould be rated 
as furnishing 700 volts at normal current, it is a center-tapped winding of which only half works at one time 
when connected to a full-wave rectifier. Therefore, for volt-ampere computations, we assume only half the 
total voltage, or 350 volts. Note that the total output volt-ampere power for all the secondaries together is 
the sum of their separate powers. 

SECONDARY WINDINGS VOLTS CURRENT VOLT-AMPERES 

Plate 350 90 ma or 0.09 amp 31.5 
Rectifier filament 5.0 3.0 amperes 15 
Amplifier heaters 6.3 3.5 amperes 22 
Total power output 68.5 

Primary volt-amperes at full load then should be, theoretically, 68.5 volt-amperes, the sum of all second-
ary volt-amperes.Actually the primary volt-amperes will be more than this, in order to care for various energy 
losses. Measurement with a-c meters on this transformer shows primary power of 84.5 volt-amperes, nearly 
one-fourth more than the output volt-amperes. 

Fig. 20-6. To the terminal strip are fastened leads and ends of windings for primary and plate. 

A 
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Fig. 20-7. The high-voltage plate winding. 

The ratio of output power to input power is the power efficiency of the transformer. Dividing output power, 
68.5 volt-amperes, by input power, 84.5 volt-amperes, gives the ratio as about 0.81. This may be called a 
power efficiency of 81%, which is fairly typical of high-quality radio and television power transformers. 

TRANSFORMER WINDINGS. Now we may get back to disassembly of the transformer. Upon removing the 
amplifier heater winding we find the terminal strip pictured in Fig. 20-6. Here are the leads of stout wire 
for the plate winding and the primary winding. Wire in the primary winding itself is only about 1/50 inch in 
diameter, and in the plate winding is only about 1/140 inch in diameter. These small wires are soldered to 

the heavier and stronger leads at the terminal strip. 

With the terminal strip removed we see the plate winding as in Fig. 20-7. The ends of the very small wire 
show up clearly against the binding tape. Most of the insulating wrappings which have been removed to ex-
pose successive windings are of strong kraft paper about 1/100 inch thick, but in some plates are of varnish-
ed or oiled linen cloth where still more insulation is required. Were you to unwind the wire from the plate 
winding you would find each layer separated from other layers by high-quality paper about1/300 inch thick. 

After the plate winding is out of the way, and just before coming to the primary winding, we uncover an 
electrostatic shield which can be seen in Fig. 20-8. This is a strip of very thin copper wrapped all the way 
around, but not joined at its ends. To one end is attached the small wire which we noted back in Fig. 20-3. 
This wire makes contact with the core iron of the assembled transformer, so that grounding of the core will 

also ground this electrostatic shield. 

erhe purpose of the electrostatic shield is to prevent radio-frequency signal voltages being transferred 
from the primary winding into the plate winding and going from there to the plate and screen circuits of ampli-
fiers. Such signal voltages come through all power lines into the primary winding, which is underneath the 
electrostatic shield. The shield metal might be thin aluminum or any other non-magnetic metal. In transformers 
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Fig. 20-8. The electrostatic shield which is between the primary and all secondaries. 

Fig. 20-9. The primary winding, which is next to the core. 
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having more than one plate winding there may be additional shields. This shielding against r-f interference 
is common for power transformers used in television receivers and in high-quality sound radios. 

While on the subject of transformer shielding it may be mentioned that many power transformers for tel-
evision receivers have a wrapping of thin copper about two inches wide around the outside of the core iron 
and the coil. The ends of this band are soldered together to make a single closed turn. The purpose is to 
prevent the alternatingmagnetic field of the transformer from spreading so far as to reach the deflection yoke 
on magnetic-deflectionpicture tubes. If this field does reach the deflection yoke it is likely to cause contin-
ual expansion and contraction of pictures. 

The result of the final step in disassembly of the power transformer is shown by Fig. 20-9, where the 
primary winding is exposed. The primary is wound on a rectangular cardboard form called the bobbin. The 
bobbin slips over the center leg of the core. 

4(  The transformer which has been taken apart is a type designed for operation on 50-cycle or 60-cycle a-c 
power lines. Somewhat different proportions are required for operation on 25-cycle power lines found in some 
localities. This is because there is less induced emf per turn at 25 cycles than at 60 cycles, since induction 
depends on the rapidity of cutting of magnetic lines through conductors. 

The lessened induction at 25 cycles is compensated for by using more turns in the windings and larger 
cores to work most effectively with the larger windings. Transformers for use on 25-cycle lines have about 
2.2 times as much core iron and about 1.7 times as much wire in the windings as do equivalent 60-cycle 
types. Naturally, the cost of 25-cycle transformers is more than of 60-cycle types. 

HIGHER 
VOLTAGE 
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Fig. 20-10. A single secondary winding furnishes higher and lower voltages for two full-wave rectifiers. 
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Fig. 20-11. A tapped primary winding. 
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Fig. 20-12. Connections for an auto-transformer. 

TAPPED WINDINGS. We have become fairly familiar with center-tapped secondary windings used with 
full-wave rectifiers, but sometimes there are other tapping arrangements for secondaries and there also are 
•tapped primary windings on some power transformers, especially on replacement types. 

eln many power supplies for television there are two full-wave rectifier tubes, one operating at higher volt-
age than the other. Typical circuit connections are shown by Fig. 20-10. The plate winding of the power 
transformer has the usual center tap, which is the negative end of the output circuit. Between the outer ends 
of this winding and the center tap are two additional equally spaced taps. The outer ends of the plate wind-
ing are connected to the plates of the higher voltage rectifier, while the intermediate taps are connected to 
the plates of the lower voltage rectifier. 

Because there are more winding turns between the outer ends than between the intermediate taps there 
is higher output voltage between the ends than between the intermediate taps, since volts per turn will be 
the same throughout the winding. Each rectifier supplies voltage and current for its separate load. Receiver 
tubes taking relatively high plate and screen voltages would form the load for the higher voltage unit, while 
tubes requiring son.ewhat lower voltages would form the load for the lower voltage rectifier. Filament and 
heater windings on the transformer of Fig. 20-10 are not shown connected to the tubes, this merely to simp-
lify the diagram. 

Connections to a tapped primary winding are shown by Fig. 20-11. The purpose of such tappings is to 
allow compensation for supply line voltages which are lower or higher than the one for which the power supply 
system is designed. A-c power line design voltage is standardized at 117 volts. In some localities the actual 
line voltage may be down around 105 to 110, while in other places the line voltage may be up around 125 or 
130, and in still others the line voltage may sometimes be low and again may be high. Sometimes there are 
only two taps, one for normal line voltage and one for low line voltage. In some cases there are more than 
three taps. 

In the diagram the power line is connected to the common lead at the bottom of the primary and to the 
middle one of the three taps at the upper end. This middle tap is used when the line voltage is between 115 
and 120 volts. If line voltage is too high we make connection to the high tap, thus including more turns in 
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Fig. 20-13. Standard color coding for leads on power transformers. 
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the primary winding. With more turns there is less voltage per turn, not only in the primary but also in the 
secondaries, and secondary voltages are brought down where they belong in spite of the abnormally high 
line voltage. If line voltage is too low we connect to the low tap. Then the line voltage is divided among 
fewer turns, and voltage per turn is increased. This brings secondary voltages up to correct values, even 
with the low line voltage. 

AUTO-TRANSFORMERS. Where voltage from the power line is permanently low or high the condition may 
be compensated for by using what is called an auto-transformer. As shown by Fig. 20-12, an auto-transformer 
has only a single continuous winding which serves as both primary and secondary, or has its two windings 
conductively connected together to form a continuous electric circuit. 
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The action of an auto-transformer is easily understood if we keep in mind that the voltage per turn is the 
same in all the turns and all the windings of any transformer. The left-hand diagram of the figure represents 
an auto-transformer connected for step-up of line voltage. Only part of the turns are across the line. This 
determines the voltage per turn. All the turns are across the load. Then in the greater number of winding 
turns across the load there must be more total voltage than across the smaller number across the line, and 
load voltage or secondary voltage will be higher than line voltage or primary voltage. 

The right-hand diagram shows auto-transformer connections for step-down of line voltage. All the turns 
are across the line and only part of the turns are across the load. Then voltage applied to the load must be 
less than voltage from the line. There is no insulation between primary and secondary windings of an auto-
transformer, and the load circuits are not insulated from the line. The load side of the auto-transformer may 
be tapped at two or more places to provide different output voltages which are higher or lower than line 
voltage. The line side may be tapped to allow using the transformer on line voltages higher or lower than 
standard. 

Although auto-transformers most often are used for correction of line voltage, they sometimes are added 
to receivers which have been incorrectly designed and which need higher voltages than furnished by a stan-
dard line. These transformers do not take the place of the regular power transformers, but are connected 
between the line and the primary of the power transformer. Auto-transformers sometimes are used in the 
service shop to provide various voltages for testing, but the fact that apparatus being tested then is con-
ductively connected to the power line makes these units generally undesirable for such purposes. 

TRANSFORMER COLOR CODING. The leads of power transformers are supposed to have various colors 
of insulation which indicate the windings or taps to which connection is made. At the left in Fig. 20-13 are 
shown lead colors for a transformer having an untapped primary, a tapped plate winding at the top, and down 
below a rectifier filament winding and an amplifier heater winding. Some rectifier and amplifier windings 
have center taps, which then are color coded as shown. With no taps, only the end colors appear. 

€ sAt the upper right in Fig. 20-13 is the color coding for a tapped primary winding. One side of the line al-
ways is connected to the black (common) lead, and the other side is connected to whichever of the other 
leads allows desired voltage output. At the lower right are color codings for any additional secondary wind-
ings which may be used. Power transformers ordinarily have no identification for correct connections other 
than the color coding of leads. Remember where to find this diagram of the colors. Unfortunately it is nec-
essary to remember also that not all manufacturers use this coding, and colors may not always mean what 
they are here shown as meaning. 

AC-DC RECEIVERS. The abbreviation ac-dc means "alternating-current or direct-current", and when 
used to describe receivers it means that they will operate on power lines furnishing either alternating or 
direct current of suitable voltage. An ac-dc receiver cannot have a power transformer with insulated primary 
and secondary windings, for then the receiver would not operate on direct-current power. With smooth direct 
current there can be no varying magnetic fields and no induction, and there would be no transfer of power 
through a transformer — although the transformer windings would burn out. Ac-dc sets may be called also 
universal receivers or transformerless receivers. An ac-dc set must include a power rectifier in order that it 
may operate on a-c lines by rectifying the line voltage. 

Fig. 20-14 is a circuit diagram for the high-voltage power supply portion of a small ac-dc receiver. The 
rectifier often is a type having two plates and two cathodes, with plates connected together and cathodes 
connected together. This type of rectifier and method of connection provide relatively small voltage drop in 
the rectifier, and preserve most of the line voltage for the receiver circuits. With 117 alternating line volts 
the direct voltage at the rectifier output usually is about 105 volts. The filter and the plate and screen circ-
uits are represented in the diagram by a simple resistance for the load. Resistor R, in series with the rec-

A 
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Fig. 20-14. Ac-dc power supply cirçuit with "i.nsula ted" chassis. 
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tifier, prevents excessive current when the line switch first is closed, also in case of a short circuit in the 
output load circuits. No heater connections are shown for the rectifier, because the rectifier heater nearly 
always is made part of a series heater string which includes all or part of the other tubes. 

In some ac-dc receiver power supplies there is a regular half-wave rectifier tube with a single plate and 
single cathode, rather than the twin type of the diagram. In other sets of this cla ss there is a half-wave 
selenium rectifier instead of the tube rectifier. 

ahen the ac-dc set is connected to an a-c power line the rectifier delivers rectified direct voltage and 
current to the load. If the set is connected to a d-c power line the line plug must be inserted into the recep-
tacle in the. position that makes the rectifier plate or anode positive and the cathode negative. Then direct 
current will flow through the rectifier and to the load circuits. If the plug is inserted the wrong way around 
there can be no current through the rectifier. The receiver will not work until the plug is reversed, but no 
harm will result. 

In the circuit of Fig. 20-14 there is no direct conductive connection from the rectifier or load circuits to 
"chassis ground", which is the metal of the chassis. There is a connection through capacitor C, which 
usually is of 0.05 mfd capacitance. This capacitor allows flow of r-f currents in circuits connected to chassis 
ground, but has reactance of more than 50,000 ohms at the 60-cycle line frequency. This high reactance 
*mild allow current of only about 2 milliamperes at a line voltage of 117. 

Were there a direct connection to chassis ground, as in the sketch at the right, the power line could be 
short circuited with the plug inserted in one of the two possible positions. One side of every a-c line in all 
building wiring is required to be connected to ground, usually at a cold water pipe in the plumbing system. 
The ungrounded side of the building line is called the hot side. Were the plug inserted in the position con-
necting the hot side of the power line to the receiver chassis, and were the chassis to be in any way con-
nected to the building ground, there would be a direct conductive connectionfrom the hot side to the ground; 
ed side of the line. This would blow a fuse in the building circuit. 
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Not. all ac-dc receivers have the power supply and the high-voltage circuits designed in such a way that 
the only connection from the negative side to ground is through a capacitor. Some, as shown by Fig. 20-15, 
have one side of the power line connected directly to chassis ground, which thus becomes the negative side 
of all plate, screen, and grid bias circuits. With this method of connection the receiver chassis must not 
be allowed to come in contact with any building ground unless precautions are taken to insert the line plug 
in a position that will not connect the hot side to ground. 

OLTAGE MULTIPLIERS. Voltage multiplier circuits furnish to the output load direct voltages which 
are higher than alternating line voltages, and do so without using step-up transformers. Consequently, the 
multiplier circuits are found in transformerless receivers. There are voltage doubler circuits furnishing direct 
output voltages approximately twice as high as applied alternating line voltage. There are voltage triplers 
furnishing approximately three times line voltage, also voltage quadruplers furnishing about four times line 
voltage, and in some applications (not radio or television receivers) there are multipliers delivering ten or 
more times the line voltage, all without transformers. 

HALF-WAVE VOLTAGE DOUBLERS. Fig. 20-16 shows connections for a half-wave voltage doubler using 
two selenium rectifiers, Da and Db, and two capacitors, Ca and Cb. Diagram 1 shows part of what happens 
during half-cycles of alternating line voltage in which the upper side of the line is negative and the lower 
side positive. The remainder of the action during these half-cycles will be shown in diagram 3. Keep in 
mind that the direction of electron flow can be only against the arrowhead of the rectifier symbols, as shown 
by arrows alongside the conductors. Flow through rectifier Da charges capacitor Ca in the polarity marked. 
Charging raises the voltage of Ca to nearly the peak value of alternating line voltage. With line polarity now 
existing there can be no flow through rectifier Db, because the cathode of Db is positive and its anode is 
negative. 

Diagram 2 shows electron flows during the alternate half-cycles of line voltage, in which the upper side 
of the line is positive and the lower side negative. With this reversed polarity there can be no electron flow 
through rectifier Da, but now there is flow through rectifier Db as shown by arrows. This electron flow from 
the line through Db not only goes through the load but also charges capacitor Cb in the marked polarity. 

GROUNDS TO CHASSIS ONLY 

FILTER AND 
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CIRCUITS 
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Fig. 20-15. Ac-dc power supply circuit with "hot" chassis. 

1 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 20 — Page 16 

LOAD Ca 

— 

LINE 

rD" b 

+ 4 4 

Cb. 
LOAD 

Do 

LOAD 

Fig. 20-16. The operation of a half-wa ve voltage doubler with selenium rectifiers. 

Electron flow from the line now is going through the load, through rectifier Db, and through capacitor Ca, 
all in series. Capacitor Ca previously was charged to nearly peak line voltage. Now this voltage of Ca adds 
to the line voltage, since the two are in series, with the result that voltage across the load is approximately 
twice as high as the alternating line voltage. In this way we obtain voltage doubling. 

In diagram 1 we found no line current through the load. But during the half-cycle represented by diagram 
2 there was charging of capacitor Cb. Now, in diagram 3, capacitor Cb discharges through the load. This 
diagram shows the complete action during half-cycles in which the upper end of the line is negative and the 
lower end positive; it completes the action shown in part by diagram 1. Electron flow through the load is in 
the same direction during both half-cycles of applied alternating voltage. The direct electron flow or current 
in the load is not smooth or uniform, but has a large alternating component. Current is maximum at about the 
middle of the half-cycle shown by diagram 2, and is minimum near the end of the half-cycle shown by diagrams 
1 and 3. The alternating component will be smoothed out in the filter. 
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Fig. 20-17. Other ways of drawing the half-wave volta ge doubler circuit. 

You will find circuit diagrams for voltage doublers and other multipliers drawn in many ways, but all will 
have the same essential circuit connections. Two variations of the doubler circuit are shown by Fig. 20-17. 
The circuit is exactly the same as in Fig. 20-16, as you will discover by checking the connections between 
parts which are similarly lettered in all the diagrams. 

Rectifier tubes instead of selenium rectifiers often are used for voltage multipliers. Fig. 20-18 shows con-
nections for a half-wave doubler using rectifier tubes designed especially for this purpose. The special 
feature is a separate cathode to go with each of the plates. Such tubes include types 25Z6, 50X6, 50Y7, 
117Z6, and others. 
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Fig. 20-18. Operation of a half-wave voltage doubler with a tube rectifier. 
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Fig. 20-19. Operation of a full-wave voltage doub ler with a tube rectifier. 

Except for the use of tube rectifiers instead of selenium units, the circuit of Fig. 20-18 is exactly the 
same as that of Fig. 20-16. If you go back and read the explanation for diagrams 1 and 2 of the circuit with 
selenium rectifiers, but look at the diagram having tube rectifiers, you will have an explanation of the half-
wave doubler using tube rectifiers. Although no third diagram has been included in Fig. 20-18, the earlier 
explanation still applies. That is, during the action shown by diagram 1 there is also discharge capacitor 
Cb through the load, this capacitor having been charged during the action shown in diagram 2. 

FULL-WAVE VOLTAGE DOUBLERS. Fig. 20-19 shows circuit connections for a full-wave type of voltage 
doubler employing a twin rectifier tube. Diagram 1 shows electron flow during half-cycles of alternating line 

A 
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voltage in which the upper end of the line is negative and the lower end positive. The cathode of rectifier 
Da now is negative and its pla te is positive. Electron flow from the negative side of the line goes through 
this rectifier and charges capacitor Ca in the polarity marked, then returns to the positive side of the line. 

In diagram 2 the line polarity has reversed, with the upper end now positive and the lower end negative. 
During this half-cycle, and all others like it, the cathode of rectifier Da is positive and its plate is negative, 
so there can be no flow through this rectifier. But now the cathode of rectifier Db is negative and its plate 
is positive. Consequently there is electron flow from the negative side of the line through capacitor Cb, thus 
charging this capacitor in the marked polarity, and flow is from the capacitor through rectifier Db back to 
the positive side of the line. The two capacitors are charged alternately, one during each half-cycle of 
alternating line voltage. 

These two capacitors which are alternately charged are in series with each other and the load, as empha-
sized by diagram 3. The capacitor voltages add together, because their charging polarities are in the same 
directions. Then this double voltage is applied across the load to provide the doubling action. Electron flow 
from the capacitors through the load is shown by arrows in diagram 3. Discharge of the capacitors through 
the load continues at all times, while the charges are intermittently restored by the charging pulses occuring 
during actions shown in diagrams 1 and 2. 

Full-wave doublers often employ selenium rectifiers instead of the tube rectifiers shown by Fig. 20-19. 
It would be excellent practice for you to make a pencil sketch of the circuit diagram from this figure, then 
erase the tube rectifier symbol and insert in its place the symbols for two selenium rectifiers. 

VOLTAGE TRIPLERS. A voltage tripler consists of a half-wave doubler in series with a straight half-
wave rectifier. The double voltage of the doubler adds itself to the single voltage of the straight rectifier, 

which delivers approximately line voltage by itself, and the result is nearly three times the line voltage. 
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Fig. 20-20. A voltage tripler with selenium rectifiers. 
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A tripler circuit using three selenium rectifiers and three capacitors is shown by Fig. 20-20. The half-
wave doubler portion, drawn with heavy lines, has purposely been made exactly the same as the circuit 
shown back in Fig. 20-16. We know the output voltage of this doubler circuit is •approximately twice the 
applied line voltage. Instead of showing the output of the doubler circuit connected to a load, as in Fig. 20-16, 
it now is shown connected effectively in series with a simple half-wave rectifier circuit which includes the 
additional rectifier Dc and the additional capacitor Cc. 

When the upper side of the line is negative there is electron flow from point x through the added connection 
to the negative side of capacitor Cc and the negative side of the load. The positive sides of capacitor Cc 
and the load are connected to the positive side of the doubler circuit at point y. Thus the load is subjected 
to the sum of the double voltage at point y and the line voltage from point x as rectified by added rectifier 
Dc. Capacitor Cc charges to approximately three times line voltage, which becomes the voltage applied 
across the load. 

Voltage tripler circuits may be drawn in so many different ways as to become rather difficult to identify. 
The easiest identification is to note that the three rectifiers all are placed to carry electron flow in the same 
direction if you consider them to be in series. Commencing at the bottom of rectifier Da we may go in the 
direction of arrowheads in the rectifier symbols through Db and then through Dc. Another way of drawing the 
same tripler circuit is shown in Fig. 20-21. Here it becomes quite clear that the three rectifiers act in the 
same direction. Tripler circuits may be made up with a twin rectifier tube for units Da and Db, with a sepa-
rate half-wave rectifier tube for unit Dc. Tripiers sometimes include both tube and selenium rectifiers in 
various combinations. 

Voltage quadruplera seldom are used in radio and television receivers. A quadrupler consists of two full-
wave doublers with the output of the first one connected as input to the second one. Then the output of the 
second doubler is approximately four times the line voltage. 

A more common way of obtaining four times line voltage is shown by Fig. 20-22. Here are two half-wave 
voltage doublers one above the other and connected in series with each other. To make it easier to follow 
the action, the rectifier and capacitors of each doubler circuit are lettered the same as in Fig. 20-16. Both 
doubler inputs connect through capacitors Ca to one side of the line. The negative end of the top doubler 

Cb 

Db Dc 
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Fig. 20-21. Another way of drawing the voltage tripler circuit. 
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Fig. 20-22. Obtaining approximately four times line voltage from two voltage doublers. 

and the positive end of the bottom one are connected together and to the other side of the line. Then the 
output ofboth doublers will be from positive on the top one to negative on the bottom one, and will be twice 
the output of one doubler. The positive of the output connects through a filter, not shown here, to the plates 
and screens of receiver tubes. The negative of the output connects through another filter to the cathodes of 
the receiver tubes. In this way the entire output voltage is applied between plates and cathodes and between 
screens and cathodes. 
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LESSON NO. 21 

FILTERS FOR POWER SUPPLIES 

Now we are ready to change the pulsating direct current and voltage coming from the power supply recti-
fier into smooth direct voltage and current by means of a filter system. First we shall examine the output 
voltage of the full-wave rectifier of Fig. 21-1. Connected across the rectifier output is a resistance to rep-
resent the load. The actual load in a receiver would be plate, screen, and grid biasing circuits of various 
tubes. Here we have as yet no filter system, only a rectifier connected directly to a load. 

The output voltage of the rectifier, as it appears across the load, is shown at the right. This output is a 
direct voltage with a very large alternating component. In a test on certain equipment the direct potential 
difference measured 280 volts and the alternating component about 175 volts. The pulse frequency is 120 
cycles, because we have 60-cycle power line frequency and a full-wave rectifier. 

To commence construction of the filter we shall connect a capacitor across the rectifier output and across 
the load, as in Fig. 21-2. The voltage which now appears across the load, and also across the capacitor, 
is shown by the full-line curve at the right. In broken lines are shown the relations of the earlier voltage 
pulses to this new voltage curve. 

If we assume the action to begin with rise of voltage during one of the pulses from the rectifier, the cap-
acitor will be charged along the voltage line from a to b. Maximum voltage of charge will be equal to peak 
pulse voltage. When voltage from the rectifier commences to drop, the capacitor no longer receives addi-
tional charge but instead commences to discharge through the load resistance. 

With 20 microfarads capacitance and 5,000 ohms (0.005 megohm) resistance the discharge time constant 
is 0.1 second. During the 1/120 second interval before another charging pulse oc curs there is only about 
1/12 of one time constant, and the capacitor has time to lose only about 8 per cent of its peak charge and 
voltage. This discharge and drop of capacitor voltage are shown along the line from b to c. At instant c the 
rising voltage in the next pulse from the rectifier equals the falling voltage of the capacitor. Then there is 
recharging from c to d. These discharges and recharges continue. 

NOTE: These tests were carried out with a typical power supply of the following description. Trans-
former, 350 alternating volts each side of center tap. Rectifier, 5Y3-G, full-wave. Capacitors, electrolytic, 
20 microfarads each.Choke,10 henrys inductance,160 ohms resistance. Load resistance 5,000 ohms. Load 
current from completed filter 72 milliamperes. Waveforms observed with service oscilloscope. 

The fluctuations of voltage across the capacitor and across the load resistance now are as shown by the 
upper curve which is drawn with a full line. We still have an alternating component mixed with the direct 
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o 
Fig. 21-1. Output voltage pulses from a full-wave rectifier. 

voltage, but the alternating component has become relatively small. We are coming closer to smooth direct 
current and voltage. 

The top curve shows alternating voltage which would remain were the direct voltage removed. This wavy 
line of alternating voltage looks something like ripples on the surface of water, and we call the alternating 
voltage a ripple voltage. If any appreciable ripple voltage should get to the plate and screen circuits of 
sound amplifier tubes it would cause audible hum at the ripple frequency.Were the ripple to get into televi-
sion video and sweep circuits it could cause jumpy pictures with wavy edges and other undesirable effects. 

Supposing we were to use more capacitance, what then? The greater capacitance would hold a greater 
charge, and the capacitor voltage would suffer less drop between charging peaks. That would mean less 
ripple effect, or smaller amplitude of ripple voltage. It would mean also a somewhat higher average direct 
voltage at the output, because ripples would not extend so far down. Conversely, smaller capacitance 
would mean a greater ripple voltage and a lower average direct voltage. 

Ripple voltage at the output of the completed filter will be inversely proportional to the capacitance of 
the capacitor which is connected across the output of the rectifier. Doubling this capacitance will cut the 
ripple voltage amplitude in half. Halving the capacitance will double the amplitude of the ripple. This will 
be true no matter what other parts we add during completion of the filter system. 

t about load resistance and load current? Supposing we were to use less than 5,000 ohms for the 
at would happen? The time constant would be shorter, and there would be longer discharges be-

-- tween peaks of recharging. There would be greater ripple voltage, also lower average direct voltage across 
the load. The smaller load resistance would allow greater load current, therefore we may say that greater 
load current or output current will increase the ripple voltage. The greater current will increase the hum in 
sound reproduction and may make bad pictures — provided enough of the ripple gets through to the ampli-
fiers. Naturally, were we to use more load resistance, and have less load current, there would be smaller 
ripple voltage and higher average direct v oltage. 

As a matter of fact, ripple voltage is inversely proportional to resistance in whatever load is connected 
across the output of a completed filter. Doubling the load resistance will cut the ripple voltage in half, 
while half as much load resistance will allow double the ripple voltage when other things remain unchanged. 
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Fig. 21-2. Ripple voltage at a capacitor connected across a full-wave rectifier. 

1 

Ripple voltage most often is expressed not in volts, but as a percentage of the d-c output voltage from 
the completed filter system. For example, were the d-c output 250 volts and the alternating ripple voltage 
5 volts effective or rms, we should have a 2% ripple voltage, because 5 is 2% of 250. In high grade sound 
amplifiers the ripple may be as little as one-fourth of one per cent. 

HALF-WAVE RECTIFIERS. We have looked at what happens with a full-wave rectifier. Now, in Fig. 
21-3, let's look at the effects of half-wave rectification. The interval between capacitor charging pulses 
will be twice as long as with full-wave rectification, and the capacitor will have twice as long in which to 
discharge and lose voltage. There will not be quite twice the drop of voltage, because capacitors do not 
discharge at a uniform rate through resistance — the discharge slcovs down as time increases. ;hit with the 
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Ripple voltage at a capacitor connected across a half-wave rectifier. 
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same time constant as before, meaning the same capacitance and resistance, the 1/60 second intervals 
with a half-wave rectifier will allow loss of about 14 per cent of peak voltage instead of about 8 per cent. 

It follows that using the same capacitance and same load resistance on a half-wave rectifier as on a full-
wave type will allow much more ripple voltage, and average direct output voltage will drop. In order to have 
no more ripple and no less output voltage it would be necessary to use nearly twice as much capacitance 
with half-wave rectification as with full-wave, assuming there is no change of load resistance. Of course, 
more load resistance and less load current would help to lessen the ripple and raise the direct voltage. 
You will.find half-wave rectifiers in rather common use where load currents are relatively small. 

Pulse frequency from a half-wave rectifier is 60 cycles per second, whereas with a full-wave rectifier it 
is 120 cycles per second on a 60-cycle power line. Ripple output frequencies from filters connected to the 
two kinds of rectifiers likewise will be 60 and 120 cycles per second.With the same degree of filtering the 
ripple voltage at 60 cycles will be reduced only about half as much as at 120 cycles. In spite of this, the 
greater low-frequency ripple voltage in a sound amplifier may be no more objectionable or may be even less 
objectionable than the lesser ripple voltage at the higher frequency. The reason is that a 60-cycle sound, 
must be about twice as strong as one at 120 cycles to give the same loudness effect on the average human 
ear. In a television amplifier, however, the troublesome effects will be proportional to strength of ripple 
voltage. 

FILTER CHOKES. The sharp peaks of ripple voltage shown by Figs. 21-2 and 21-3 would produce sound 
effects worse than might be expected from the voltage value of this alternating component. Instead of a 
rather soft hum such as results from a low-frequency sine wave voltage there would be more of a buzzing 
sound at the ripple frequency.Ill effects on televisionpictures would be emphasized by the sudden changes 
of voltage. 

To prevent these sudden changes in the ripple voltage we shall add a choke to our filter, as shown by 
Fig. 21-4. A choke such as used in power supply filters is an inductor with an iron core. Construction of 
the core is somewhat like that in a power transformer, but there is only a single continuous winding. 

CHOKE 
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Fig. 21-4. How a choke smooths out the peaks of ripple voltage. 
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Changes of voltage across the filter capacitor are applied to the choke and the load resistance, since 
these latter two are connected across the capacitor. The changes of voltage cause changes of current and 
of magnetic field which- induce counter-emf's in the choke. These counter-emf's oppose the voltage which 
is causing the changes. The more sudden the change of voltage applied to the choke, and the faster the 
current tries to rise, the greater is the opposition to this rise. The result, so far as load voltage or ripple 
voltage is concerned, is shown at the right in Fig. 21-4. Ilere we have a relatively smooth or gradually 
changing ripple voltage rather than one having such abrupt changes as occur with no choke. 

Ripple voltage decreases as capacitance increases. With all else unchanged, 40 microfarads capacity 
will allow only half as much ripple voltage as 20 microfarads, but 10 microfarads will allow twice as much 
ripple voltage as 20 microfarads. 

Since ripple voltage is inversely proportional to inductance, also inversely proportional to capacitance in 
the filter, the ripple voltage must be inversely proportional to inductance multiplied by capacitance. This 
being the case, we may have the same reduction of ripple voltage by using large capacitance with small 
inductance as by using small capacitance with large inductance, Practically speaking, 20 microfarads cap-
acitance and 10 henrys inductance, whose product is 20 times 10 or 200, will be as effective as 10 micro-
farads capacitance and 20 henrys inductance, whose product again is 200. 

The ratings of a filter choke include three values. One is the full-load direct current in milliamperes 
which the choke is supposed to carry. A second is inductance it?. henrys when the choke is carrying its 
rated direct current. Third is the resistance of the winding, in ohms. Resistances of various models of 
chokes range from 100 to 600 ohms. Low resistance is desirable because there is loss of voltage in the 
winding due to forcing current through its resistance. Consequently, the direct voltage at the output end 
of the choke is less than at its input end. 

® Actual inductances of commercially available filter chokes range from 5 to as much as 20 henrys when 
rated current is flowing. Inductance measured with no current will be two to three times as great. Choke 
inductance is caused to remain fairly constant with ordinary variations of current by placing a gap in the 
iron core. This means that, at some point in the magnetic circui.t formed by core iron, the iron is not con-
tinuous. The gap is only a few thousandths of an inch. It is filled in with hard fibre or almost any material 
that is non-magnetic, that is not iron or steel. Although filled with solid non-magnetic material, the space 
is called an air gap. The gap reduces maximum inductance of the choke, but maintains a nearly constant 
inductan ce. 

certain choke with an air gap of 18 thousandths of an inch decreased its actual inductance from 10.7 
to 10.3 henrys when current was increased from10 to 30 milliamperes.With the gap closed, or with the core 
"butted," and with the same change of current, the inductance decreased from 25 to 10 henrys. 

SECOND CAPACITOR. To complete the filter system we now add another capacitor beyond the choke, 
as in Fig. 21-5. To this capacitor comes the direct voltage and the ripple voltage from the choke. If this 
added capacitance is large enough to hold most of its charge during intervals between peaks of ripple volt-
age, there will be additional reduction of ripple. The action will be like that explained in connection with 
Fig. 21-2, although now the incomingalternations are only those of the ripple voltage rather than the pulses 
from the rectifier. In this diagram the two filter capacitors are connected together on their negative sides. 
This would indicate a dual electrolytic capacitor with a common negative terminal. 

An important purpose of the second filter capacitor is to act as a reservoir of electrons which will care 
for sudden demands for more current in the load. There are many picture signals, sync signals, and audio 
signals having sudden changes of voltage. The necessary changes of plate currents would be delayed if 
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they had to come through the filter choke, and the amplifiers would not give instant response to the signal 
voltages. But the second filter capacitor stores a large charge or large quantity of electrons, and is cap-
able of delivering great quantities to the load without excessive drop of voltage at the capacitor and across 
the load. Thus there will be relatively small changes of voltages for plates and screens, even with con-
siderable fluctuations of their currents. 

CAPACITOR RATINGS. The first filter capacitor, connected across the rectifier, must withstand peak 
voltage coming from the rectifier. This peak voltage would be difficult to measure accurately with usual 
test equipment, but we may arrive at the approximate value by considering the relations between peak pulse 
voltage and direct output voltage from the filter system. 

At A in Fig. 21-6 is represented alternating voltage across the secondary winding of a power transformer. 
Positive and negative alternations are rectified by a full-wave rectifier and we have the voltage pulses at 

which are the same as those in Fig. 214. The peak pulse voltage is lower than peak voltage from the 
transformer because there is considerable voltage drop in the rectifier tube. The effect of the first filter 
capacitor is to change the pulses to the ripple shown at C, which is like that of Fig. 21-2 and has the same 
maximum voltage as the rectified peaks. Average voltage of the ripple wave is shown at D. This is the 
average direct voltage from the first filter capacitor. 

(7, There is some voltage drop in the filter choke, so the final direct output voltage from the entire filter 
will be possibly 10 to 20 volts lower than from the first capacitor. This final direct output voltage is not 
a whole lot lower than the peak voltages at B and C. Therefore, by using a first filter capacitor having a 
d-c working voltage rating at least 20 per cent higher than actual direct output voltage from the filter we 
have a safe rating. 

The second filter capacitor, which is across the load, is normally subject to somewhat lower maximum 
voltage because of the drop in the filter choke. Powever, were the load to be disconnected, as by some 
accidental open circuit, there would be no cuitent flowing through the resistance of the choke, no voltage 
drop in these parts, and voltage on the second capacitor would be the same as on the first one. For this 
reason, both filter capacitors usually have the same voltage rating. 

TO RECEIVER 
CIRCUITS 

•••••••• 

.010 

Fig. 21-5. Complete filter system with two capacitors and one choke. 

B 
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RESISTOR-CAPACITOR FILTERS. The filters which have been examined may be classed as choke-
capacitor types, because they are trade up of chokes and capacitors. In another type, called a resistor-
capac itor filter, the choke is replaced by a resistor. 

Fig. 21-7 shows resistor-capacitor filters connected to a half-wave rectifier and to a full-wave rectifier. 
Action of both capacitors is saine as in choke-capacitor filters. The resistor does not oppose changes of 
current, as (loes a choke, but it introduces a time constant effect which slows the discharge of the first 
filter capacitor. This helps retain the capacitor charge between pulses from the rectifier, and the effect on 
ripple voltage is similar to that shown back in Fig. 21-2 where we had only a resistance load following the 
capacitor. 

r;ipple voltage is reduced by ,increasing the filter resistance.That is, 1,000 ohms resistance allows half 
as much ripple voltage as 500 ohms. Since this is true, we may say that ripple voltage is inversely propor-
tional to the product of resistance and capacitance, just as in a choke-capacitor filter the ripple voltage is 
inversely proportional to the product of inductance and capacitance. 

There is a limit to reduciion of ripple by increase of filter resistance, because the entire load current 
goes through this resistance and there is considerable drop in voltage as well as loss of power in heating 
if the resistance is made very great. nesistor-capacitor filters are used where load currents are rather 
small. By using large filter capacitances with moderate values of filter resistance there is satisfactory re-
duction of ripple. 

Filter resistors in television receiver power supplies may have resistances between 150 and 1,000 ohms, 
with filter capacitances of 20 to 40 microfarads or sometimes more. In sound radio receivers of small and 
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Fig. 21-6. Changes of voltage between the power transformer and the filter output. 
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Fig. 21-7. Connections of resistor-capacitor filters. 

medium size the filter resistance may be on the order of 1,500 to 4,000 ohms, with capacitance of 40 to 80 
microfarads in most cases. 

With a resistor-capacitor filter the voltage waveform at the rectifier output and at the first capacitor is 
like that of Figs. 21-2 and 21-3. At the filter resistor output and at the second capacitor the waveform is 
somewhat like that of Fig. 21-4, except that the dips are sharper and narrower. The filter resistor has a de-
cided effect in smoothing out the waveform, for if the resistor is removed, and the two capacitors are con-
nected together to add their capacitances, the waveform becomes merely a smaller amplitude version of the 
shape in Figs. 21-2 or 21-3. 

When we come to study the subject of decoupling you will find combinations of resistors and capacitors 
at the plate and screen connections of many tubes. The primary purpose of these combinations is to pre-
vent signals from going where they cause trouble,but an incidental effect is further filtering and further re-
duction of ripple voltage. 

MULTI-SECTION FILTERS. Assume that we have added to the first filter capacitor at the left in Fig. 
21-8 the choke and second capacitor drawn with heavy lines, and that we find this addition decreases the 
output ripple voltage to 1/20 or 5% of the ripple when using only the first capacitor. But supposing the 
ripple voltage must be reduced to 1/20 of 5%,which is 1/4 of 1%. This can be done by increasing either of 
the capacitances 20 times. For example, were we using capacitances of 8 microfarads, increasing one of 
them to 160 microfarads (8 times 20) would bring the ripple down where we want it. 

There is another way of obtaining the desired reduction of ripple voltage, we may add a second section 
to the filter, as in the right-hand diagram. The second section consists of another choke and another cap-
acitor. In this second section we may use a choke and a capacitor just like those in the first section. Pre-
viously we have found that this combination drops its output ripple voltage to 1/20 of the input ripple. The 
ripple input to this second filter section is our original 5%. The second section will drop this ripple to 
1/20 of 5%, just what we want. By adding one 8-microfarad capacitor and a choke we have the same result 
as with an added 160-microfarad capacitor and no extra choke. Of course, the exact reduction of ripple in 
any filter section would depend on values of capacitance and inductance. We have used the fraction 1/20 

merely to illustrate the principle. 

3+ 
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T I/ 
Fig. 21-8. Adding a second section to the filter. 

Adding an 8 microfarad capacitor would cost much less than adding a 160-microfarad unit, but the extra 
choke would be quite costly. Were we using a resistor-capacitor filter system, adding an extra resistor and 
capacitor would cost much less than adding one big capacitor, because resistors cost relatively little. In 
modern receivers you seldom will find two-section filters using chokes, but there are many two-section and 
quite a few three-section filters of the resistor-capacitor type. At the output of every added section the 

ripple is a small fraction of its value at the input to that section. 

FILTER CONNECTIONS. In the filter diagrams of this lesson have been shown full-wave and half-wave 
rectifier tubes. The rectifier tube is not a part of the filter, consequently any of the tube rectifiers might 
be replaced with full-wave or half-wave selenium rectifier and the explanations of filter action would be 
unchanged. 

CATHODES 

Fig. 21-9. The choke may be in the negative side of the filter system. 
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Fig. 21-10. Loud speaker field coil used as a filter choke. 

LOUD 
SPEAKER 

The filter choke most often is in the positive side of the power circuit, as shown in preceding diagrams, 
but sometimes it is in the negative side as in Fig. 21-9. A choke provides the same smoothing effect when 
in one side of the circuit as in the other, because there must be the same changes of voltage and current 
in both sides. With the choke in the negative side of the filter system it is impossible to use a dual elec-
trolytic filter capacitor having a common negative terminal for both elements. 

In some receivers, both radio and television, the loud speaker may be of a type containing a " field coil" 
which is suitable for use as a filter choke in the power supply while also performing its regular duty in the 
speaker. The field coil consists of a many-turn winding on an iron core. The purpose of this coil, in the 
speaker, is to provide a strong electromagnetic field of constant polarity. This requires flow of direct cur-
rent in the winding. This direct current is that passing through the power supply when the field coil is used 
as a choke. Typical connections are shown by Fig. 21-10. 

Quite often you will find plate and screen voltages for certain tubes taken from one point on the filter 
system, while voltage for other tubes is taken from a different point. Such connections are shown by Fig. 
21-11. Tube A is a voltage amplifier, a type which takes only a moderate amount of plate current. Tube B 
is an output amplifier or power amplifier, taking much greater plate current. These two tubes might repre-
sent any number of low-current and high-current tubes in a receiver. 

In order to deal with actual figures in an example of what happens we may assume there is a gain of 20 
times between the output or plate circuit of tube A and the output or plate circuit of tube B. Then any sig-
nal voltage coming from the plate of A to the grid of B will be amplified 20 times, and in the output from B 
will be 20 times stronger than in the output from A. Were plate voltages for both tubes to come from the 
same place in the power supply filter, both would contain the same ripple voltage. This ripple in the plate 
circuit of tube A would be made 20 times as strong in the plate circuit of tube B, because ripple voltage 
will be amplified along with signals. 
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But note that we take plate voltage for amplifier A from a second section of the power supply filter, and 
plate voltage for amplifierB from the first section. If the second section of the filter reduces ripple voltage 
to 1/20 its value at the output of the first section, the ripple voltage to amplifier A will be only 1/20 as 
strong as to amplifier B. When this ripple at tube A is amplified 20 times it still will be no stronger than 
the ripple put into the plate circuit of tube B. 

This method of connection has still other advantages. Since the second section of the power supply fil-
ter furnishes only relatively small load currents, this section may be of the resistor-capacitor type, to save 
the cost of an added choke. Furthermore, plate voltage taken from the first filter section is higher than 
from the second section because it avoids the drop in the filter resistor. Output tubes or power tubes or-
dinarily require higher plate voltages than voltage amplifier tubes. 

To furnish plate voltages for amplifiers which are followed by still greater gains we might add a third 
filter section, using in it a rather high resistance to obtain maximum reduction of ripple voltage. Variations 
in connections to filter systems are almost without number, but they employ the principles which have been 
explained and you should have little difficulty in determining how they are supposed to work. 

VOLTAGE REGULATION. With every suurce of voltage and current there is a drop of output voltage 
when current increases. The reason for this voltage drop is simple. Let's say our source is the secondary 
winding of a power transformer which furnishes 200 volts when delivering no current. This 200 volts really 
is the emf induced in the winding.We shall assume that resistance of the wire in this winding is 100 ohms. 
If the winding delivers current of 50 milliamperes this current flows in the resistance of the winding. The 
drop of potential in 100 ohms carrying 50 milliamperes is 5 volts. Then the effect of the 100 ohms internal 

TTT I 
Fig. 21-11. Amplifier plate voltages from different points on the filter. 
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resistance of the winding is to drop the 200-volt induced emf down to 195 volts at the winding terminals, 
with the missing 5 volts used up in resistance of the winding. Induced emf still is 200 volts, but only 195 
volts remain at the winding terminals. Were current to become 100 milliamperes the internal drop would in-
crease to 10 volts, and the terminal voltage would go down to 190. 

Every source, whether it be a power supply of the kinds we have examined, or a battery, an electric en-
erator, or what not, every one of them must have more or less internal resistance. Sources cannot be built 
without conductors, and all conductors have resistance. Consequently, the output voltage or terminal volt-
age always will drop when current is drawn, and the drop will increase as more current is drawn. 

If there is only small drop of output voltage with rather large increases.of current we say that the regu-
lation is good. If there is a large drop of voltage the regulation is poor. How good or how poor the regula-
tion may be is usually expressed as a fraction or as a percentage. To determine the percentage of regula-
tion we measure the higher voltage which exists with no current, then the lower voltage when current flows, 
and divide the difference by the higher voltage. This gives regulation as a fraction. Multiplying by 100 
changes the fraction to a percentage. 

For example, assume that a power supply provides 200 volts potential difference when delivering no cur-
rent, but only 190 volts when some certain current flows. The difference is 10 volts. Dividing 10 by the 
higher voltage, 200, gives the fraction 0.05 or 5/100. Multiplying by 100 changes the fraction to 5%, which 
is the voltage regulation with this particular current. 

Now what about the voltage regulation of an entire power supply system? If we consider the power supply 
as a complete unit or source it contains three internal resistances. First, there is resistance of the trans-
former winding if a transformer is used, Second, there is resistance of the rectifier, which is plate-cathode 
resistance of a tube or anode-cathode resistance in a selenium rectifier. Third, there is resistance of the 
filter choke or resistor, or both, or of more than one of either. All these resistances are in series, so their 
voltage drops add together. There also is resistance in the wiring connections, but it is negligible. The 
greater the sum of the resistances the greater is the voltage drop for any given current, and the poorer is 
the voltage regulation. 

RESISTANCES 

 )1/4  
N 

WINDINGS 

3 
RECTIFIER CHOKE RESISTOR 

LEAKAGE 
REACTANCE 

T T 

Fig. 21-12. Factors which affect voltage regulation. 
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1 BLEEDER 
Fig. 21-13. A bleeder resistance on the filter output. 

Resistances which affect voltage regulation are shown by Fig. 21-12, and the transformer is marked with 
another factor called leakage reactance, In a transformer of poor design or construction a great many mag-
netic lines produced by primary current do not cut through turns of the secondary windings, these lines 
"leak" away and do nothing useful in induction of secondary emf and voltage. The effect is like that due 
to increased reactance or resistance. When secondary current increases, the induced emf cannot keep up 
with the increase because leakage of magnetic lines prevents having enough induction or enough coupling 
between primary and secondary. As a consequence, secondary emf and voltage suffer a severe drop. Cheap 
transformers don't pay, especially in service replacements. 

Poor voltage regulation, whatever its cause, is a bad thing, for when amplifiers and other tubes make de-
mands for more current they get less voltage along with the greater current, and performance suffers. 

There are considerable differences between the plate-cathode resistances of various rectifier tubes. A 
5Y3-G tube has more internal resistance than the bigger 5114-G, and would cause poorer regulation with the 
same current. However, the regulation might be no poorer with the smaller current which the 5Y3-G is sup-
posed to carry. Some of the small heater-cathode rectifier tubes used in many transformerless receivers 
have rather low resistance, and do not cause poor regulation when carrying their normally small currents. 

0 Filter chokes which have large cores do not require so many turns of wire in their windings to provide 
a given inductance. Also, windings of liberal size wire have less resistance. Such structural features al-
low good regulation. Resistors in resistor-capacitor filters tend to cause poor regulation when used for 
large currents. 
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Fig. 21-14. How change of capacitance affects the relation between load current and load voltage. 

70 

Using bleeder resistance across the output of the power supply, as in Fig. 21-13, improves voltage reg-
ulation. A bleeder is any resistance so connected that through it there is steady flow of current from the 
power supply, in addition to current furnished to the receiver tubes. For an explanation of bleeder effect 
we shall assume that total plate current to all the tubes is 50 milliamperes, and that bleeder resistance is 
of such value as to allow in it a steady current of 10 milliamperes. Then total current from the power sup-
ply is SO plus 10, or is 60 milliamperes. 

Assume now that tube current momentarily increases to 65 milliamperes, making a total current of 75 
milliamperes for tubes and bleeder.This is a current increase of 25 per cent, from the former 60-milliampere 
total. Without the bleeder the increase of tube current from 50 to 65 milliamperes would be 30 per cent of 
the initial 50 milliamperes. This greater percentage change of current would cause a greater percentage 
drop of tube voltage, or would cause poorer regulation. 

Enough bleeder current to make worth while improvement of regulation imposes a heavy drain on the 
power supply. The greater total current increases the ripple voltage, as we learned earlier. Because of 
greater ripple and waste of energy in both bleeder resistance and power supply resistances, designers 
usually avoid the use of bleeders. 

The value of filter capacitance affects power supply regulation materially.Fig. 21-14 shows how voltage 
furnished to the load is changed by load current when using three different values of capacitance in a cap-
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acitor connected across one of the smaller rectifier tubes, a 25Z6. For this test there is only a capacitor 
and a load resistance, as back in Fig. 21-2. There is no complete filter, because we wish to observe only 
the effect of capacitance. The lower curve applies with 8 microfarads capacitance, the middle one with 16 
microfarads, and the top one with 32 microfarads across the rectifier. 

For any given change of load current there is much greater change of voltage when using the small cap-
acitance than when using a larger one. With 8 microfarads a change of current from 20 to 40 milliamperes 
drops the voltage from 139 to 121, a difference of 18 volts. With 16 microfarads the same change of current 
drops the voltage from about 147 to 134, a difference of only 13 volts. Here we may see also how more cap-
acitance raises the voltage to the load. Input to the rectifier for this experiment was 117 alternating volts 
from a power line, with no transformer. With fairly small output currents the direct voltage to the load is 
higher than the effective alternating voltage to the rectifier. 

Any given rectifier operated at high voltage allows greater change of voltage than when operated at low-
er voltage. We may see this from Fig. 21-15. The lower curve here is the same as the middle curve of Fig. 
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Fig. 21-15. How change of alternating voltage to the rectifier changes the relation between load current 
and load voltage. 
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Fig. 21-16. A choke input filter and its performance. 

21-14, it applies to the 25Z6 rectifier connected to 16 microfarads capacitance, with tectifier input 117 al-
ternating volts from the power line. The curve appears flatter because it is drawn on a different voltage 
scale. 

The middle curve shows output current and voltage relations when input to the rectifier is 175 alternat-
ing volts, and the top curve applies with 235 alternating volts input, always with the same 16 microfarads 
across the rectifier output. For any given change of current there is slightly greater drop of voltage along 
the top curve than along those below. Although there is a greater drop along the top curve when measured 
in volts, this drop is not so high a percentage as it is along the lower curves. Voltage regulation is not 
measured in volts, it is measured as a percentage. Therefore, we have better regulation at the higher oper-
ating voltages in Fig. 21-15 than at lower operating voltages. 

If we compare a selenium half-wave rectifier with a tube half-wave rectifier, when both have similar rat-
ings for maximum current-carrying capacity, most of the newer type selenium rectifiers will allow some-
what better voltage regulation. When comparing a half-wave voltage doubler with a straight half-wave rec-
tifier, both using either the same type tube or the same type selenium unit, regulation of the doubler is 
poorer than of the straight rectifier. Also, the regulation of a voltage tripler is still poorer than that of a 
doubler. None of the differences, however, are great enough that they cannot be compensated for by using 
large capacitors or an extra filter section. 

CHOKE-INPUT FILTERS. In all the filters which have been shown there is a capacitor across the out-
put of the rectifier. All these are called capacitor-input filters. In Pig. 21-16 the output of the rectifier is 
connected directly to a choke, and the first capacitor follows the choke. This is a choke-input filter. At 
the right is shown, by the solid line curve, the voltage waveform which appears across the capacitor and 
the resistance being used for a load. In broken lines are shown the pulses of rectified voltage which exist 
at the rectifier output, between the rectifier cathode and B-minus or ground. These pulses act on the choke. 
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Compare the circuit and the output voltage of this choke-input filter with those of the capacitor-input 
filter in Fig. 21-4. In both places we have the same rectifier, the same choke, the same capacitor, and the 
same load. The only difference is in the arrangement of these parts in relation to one another. 

Output voltage from the choke-input filter is only 65 to 70 per cent of that from the capacitor- input type. 
To have equal direct voltages at the outputs would reqtire much higher alternating voltage at the plates of 
the rectifier for the choke- input system. Réduced voltage output results from applying to the choke the 
strong alternating component of the rectifier pulses. The choke has high reactance to this alternating com-
ponent. 

e, Voltage regulation with a choke- input filter usually is about twice as good, or is of about half the per-
centage of regulation with a capacitor type when both use the same inductance and capacitance and when 
both deliver the sanie output voltage. Also, the ripple voltage from a choke-input filter is less than that 
from a capacitor-input type when both have the same inductance and capacitance. The big objection to the 
choke-input filter is its low output voltage in comparison with the value of alternating voltage applied at 
the rectifier. Choke- input filters are not used in ordinary television or sound radio receivers. They are 
used with sound amplifiers from which is desired the best possible reproduction. 

A 
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LESSON NO. 22 

VOLTAGE DIVISION IN THE POWER CIRCUITS 

In these lessons dealing with power supplies we have progressed from the a-c line through the power 
transformer, the rectifier, and the filter system. At the output of the filter we have smooth direct voltage for 
plates, screens, and grid biasing connections of the receiver tubes. A tew of the tube circuits may require 
the full positive potential from the power supply, but many other circuits must be operated with various 
lower potentials. It is fairly apparent that a rather elaborate system of voltage division will be needed to 

handle the many tube circuits of even a simple receiver. 

To get acquainted with practical methods of voltage division, we shall follow the power circuits which 
start from a low-voltage I3-power supply like the one of the receiver pictured in Fig. 22-1. At the rear of 
the television receiver chassis is the power transformer. Behind the transformer is the full wave rectifier 

tube. Next to the rectifier tube is the filter choke and next to the choke is the filter capacitor. These four 
components represent the major parts of most low voltage full wave type power supplies, and are respon-
sible for delivering 13-power to every tube except detectors of some kind and certain tubes used for auto-

matic controls. 

Fig. 22-2 is a diagram of all the wiring between a power supply rectifier-filter system and plates and 
screens in the tubes of one of the smaller and simpler television sets. This diagram has been copied from a 
manufacturer's service diagram, but the wiring is shown only so far as its connections to plate loads and 
screens for the tubes requiring B-power. None of this wiring carries signal 1..oltages or currents. It does 
nothingbut furnish the direct voltages a nd currents to which are added the signal voltages and currents and 
from which are taken the signal voltages and currents as muy be required during operation of the receiver. 

/ At the ends of each of the wiring lines are the names of tubes whose plates or plates and screens are 
/ there connected. Where two lines are shown running to the same tube, the line extending vertically is for 

1 2 the plate and the one extending horizontally is for the screen. Voltages which exist at plates and screens 
) with the set in operation are marked on the diagram. All these are positive or B-plus voltages measured with 

reference to chassis ground as zero or B-minus. Nearly all the wiring lines terminate at resistors whose free 
ends would connect to a plate load or a screen in a complete diagram. 

We may commence tracing at the filament-cathode of the rectifier tube in the kw-voltage power supply. At 
this point there is a potential difference to ground of 255 volts. Directly from the rectifier output, ahead of 

the power supply filter, a line running downward to a tube in the high-voltage power supply furnishes 255 
volts to the plate of that tube and 230 volts to its screen. The lower voltage on the screen is due to voltage 

drop as screen current flows in the resistor leading to the screen. 

Doubtless you wonder why unfiltered direct voltage is furnished through this line. It is because the tube 
here connected is an oscillator used to generate voltages at frequencies in the neighborhood of 200,000 

A 
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Fig. 22-1. Power supply parts are mounted at the rear of this television chassis. 

cycles per second, which then are stepped up to about 6,000 volts, rectified, and filtered before being used. 
Preliminary filtering in the low-voltage power supply is unnecessary, so current for the high-voltage oscil-
lator does not flow through the low-voltage filter. As you know, the less the current in the low-voltage filter 
the better is its smoothing effect. 

At the output of the low-voltage power supply filter in Fig. 22-2 the voltage is down from 255 to 240 volts 
because of a15-volt drop in resistance of the filter choke. The conductors directly connected to this 240-volt 
point are drawn with heavy lines until coming to a resistor or a tube element. Everywhere along these con-
ductors the voltage will be 240. Following straight out to the right along the heavy-line conductor we come 
to the plate circuit of the horizontal sweep oscillator. There is a drop of 40 volts in the resistor, leaving 
200 volts at the oscillator plate. 

Another heavy line runs downward to the vertical sweep oscillator, at whose plate there remains a potential 
of only 55 volts.This indicates a loss of 185 volts (240 minus 55) in the resistance between the line and the 
tube plate. Total resistance here is about 5 megohms. In this much resistance a current of less than 1/25 
milliampere will flow when the potential difference is 185 volts. You might figure this out for yourself by 

using one of the formulas you learned in an earlier lesson. 

Next we follow upward and to the right along the heavy-line 240-volt conductor. The first connection to 
this line is at the audio intermediate-frequency amplifier, whose plate and screen each get 160 volts. This 
means a drop of 80 volts in the resistor leading to the plate and screen. The next connection delivers 85 
volts, through a resistor, to the plate of the audio amplifier tube. The voltage drop in this resistor must be 
155 volts. 
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A little farther toward the right a branch line leads upward to the screen of the audio output tube, and to 
the primary winding of a speaker coupling transformer which connects to the plate of the output tube. Voltage 
at the screen of the tube is 240 and at the plate is 230. Now note that voltage at the cathode of this tube 
is shown as 130 volts. The difference between voltages at plate and screen, and at the cathode, is account-
ed for by potential drop within the tube. The 130 volts remaining at the cathode of the audio output tube 
becomes the plate and screen supply voltage for many other tubes. 

If you follow along the line from the cathode of the audio output tube it will lead to plates or to plates 
and screens in the three intermediate-frequency amplifier tubes, in the two sync tubes, and in the r-f ampli-
fier, oscillator, andmixer tubes which are in the tuner of the receiver. The cathodes of all these tubes handl-
ed through the audio output tube connect directly or through resistors to ground. Plate and screen voltages 
on all these tubes are somewhat less than the 130 volts from the audio output tube. Note that we get all 
the way down to 11 volts at the plate of one of the tubes in the sync section. 

Again continuing to trace along the 240-volt line we find it feeding the plate and screen of the video amp-
lifier tube with, respectively, 80 and 170 volts, and finally furnishing 105 volts to one of the elements of 
the picture tube. This element is the cathode. 

Now we may go back to the high-voltage power supply, which receives 255 volts and 230 volts from the 
low-voltage supply. At the output of the high-voltage power supply the potential difference to ground is 
6,000 volts. This very high potential is applied to plates and accelerating electrodes in the picture tube. 
Then there is a drop through some control resistors which are indicated in the diagram by a single resistor 
markedRa. The remaining 2,000 volts go to a focusing electrode in the picture tube. Then there is a further 
drop through more resistance at Rb and we have 250 volts remaining for the plates of the vertical sweep 
amplifiers. 

BIASFROMPOWERSUPPLY. With a power supply circuit such as in Fig. 22-2 the voltages for grid bias-
ing are obtained by cathode bias or by means of the grid-leak method. With another type of power circuit 
there is provision for obtaining fixed grid bias from a voltage divider. The principle is illustrated by Fig. 
22-3. Between the positive output of the filter and the negative center tap on the power transformer secondary 
are connected resistors Ra and Rb in series. These are the voltage divider resistors. From between these 
resistors there is a connection to ground. 

Also connected between the positive and negative sides of the power supply is a triode tube. The plate , '1" 
of the triode is connected through resistor Ro to the positive side of the power supply, at-the filter.The 
triode grid is connected through resistor Rg to the negative side of the power supply. The cathode is con- • 
nected to ground, and through ground to the grounded point on the voltage divider. 

Signal input to the triode grid is through a capacitor, and signal output from the plate is through another 
capacitor. These capacitors prevent passage through them of the direct electron flows in the power supply 
circuit. Consequently, the alternating signal voltages and resulting alternating components of current in the 
triode need not be considered in our present dealings with direct voltages and currents in the power supply 
circuits. 

There are two electron flows, whose directions are shown by arrows. The flow shown by broken-line ar-
rows starts from the negative center tap of the power transformer, passes upward through voltage divider 
resistors Ra and Rb, and then goes back through the power supply filter choke and rectifier tube to the 
transformer winding. 

The other electron flow, shown by full-line arrows, starts from the negative center tap of the transformer 
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Fig. 22-3. Electron flows in a power supply voltage divider. 
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and passes upward through divider resistor Rb to ground without going on through resistor Ra. This flow 
goes through chassis ground to the cathode of the triode tube. Going through the tube from cathode to plate, 
the flow continues back through resistor Ro, the filter choke, and the rectifier to the transformer. 

11e wish to make the triode plate 205 volts positive and its grid bias 10 volts negative with reference to 
the cathode. You will recall that effective plate voltage and grid bias always are measured with reference 
to the cathode of the saine tube. To obtain these voltages will require certain values of resistance at Ra 
and Rb, which we shall compute to show how it may be done. We need not concern ourselves with the value 
of resistance at Rg, because with no signal and the triode grid negative there will be no electron flow and 

,• no potential difference across this resistor. Then grid voltage will be the same as voltage at the bottom of 
-* ,Rg. 

• he cathode of the triode is connected through ground to the mid-tap on the voltage divider. The plate is 
connected to a point which is positive with reference to ground and the cathode. The grid is connected to a 
point which is negative with reference to ground and the cathode. With these correct polarity relations of 
cathode, plate, and grid it remains only to compute resistances which will allow the desired voltages. 

To begin with we shall assume that there is a total potential difference of 260 volts between the positive 
output of the power supply filter and the negative center tap of the transformer, and that this potential dif-
ference is maintained during operation of the triode. 14 shall assume also that plate-cathode current in this 
particular triode will be 15 milliamperes with 205 volts on the plate and 10 volts negative bias on the grid. 
This current value would be found from characteristics applying to whatever tube is in use. 

Now we may go to Fig. 22-4 where are shown currents and voltages from which may be computed the re-
quired resistances with the help of our regular formula for resistance. The steps are as follows. 

® 1. We know that grid bias is to be 10 volts. Bias is the difference of potential between grid and cathode. 
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Fig. 22-4. Voltages, currents, and resistances in circuits connected to the voltage divider. 

The grid and cathode are connected across divider resistor Rb. Therefore, potential difference across Rb 
must be 10 volts. 

2. Totalpotential difference is 260 volts from positive filter output to negative on the power supply. This 
must be the potential difference across Ra and Rb together. Since 10 volts of this total must be across Rb, 
the remainder of 250 volts must be across Ra. The bottom of Ra goes to ground and the top goes to the filter 
output. Therefore, at the filter output the potential must be 250 volts positive with reference to ground. 

3. Triode plate voltage is to be 20s, which is 45 volts less than the 250 volts at the filter output. This 
45 volts must be dropped in resistor Ro. We know that current in Ro is the 15-milliampere plate-cathode 
current. Then, using the formula, 

1000 x 45 (volts) 45 000 Ohms = 3000 ohms at Ro. 
15 (ma) 15 

4. Now we shall determine the resistance required at Ra. This resistor is merely a bleeder whose purpose 
is to improve voltage regulation. We may allow Ra to carry any current which seems suitable for this purpose. 
We might decide to allow 5 milliamperes. Then we compute the resistance which allows 5 milliamperes cur-
rent with a potential difference of 250 volts. 

1000 x 250 (volts) Ohms — 250 000 
= 50,000 ohms at Ra. 

5 

5. In computing the resistance for Rb we note that this resistor is carrying the 15-milliampere plate-cathode 
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current to the cathode, also the 5-milliampere current which goes on upward through Ra, making a total of 
20 milliamperes in Rb. Potential difference across Rb is to be 10 volts. Now we use the formula for resis-
tance. 

Ohms 1000 x 10 (volts) 10 000 20 20 (ma) — 500 ohms at Rb. 

Resistances for any simple voltage divider may be computed with this general method. 

NEGATIVE CATHODE CONNECTIONS. Fig. 22-5 shows another way of employing a voltage divider. The 
principle here illustrated is used in a great many television sets. The divider consists of four resistors, 
from Ra down through Rd, with a ground connection from between Rb and Rc. We shall assume a total poten-
tial difference of 380 volts from the power supply. From ground to the top of resistor Ra the potential is 
280 volts positive, and from ground to the bottom of resistor Rd the potential is 100 volts negative. There 
is an intermediate positive potential of 180 volts from between resistors Ra and Rb, and an intermediate 
negative potential of 15 volts from between Re and Rd. 

Potentials listed for this divider system are chosen merely to have some definite figures with which to 
show what happens. We could have any desired number and values of potentials from a voltage divider by 
using the necessary number and values of resistors, with taps between them. As many as six or eight volt-

Ra 

•-- 1 

Rb 

380 
VOLTS 

Fig. 22-5. Tube cathodes which are highly negative with reference to ground. 
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age taps, in addition to a ground tap, are not at all unusual in television receivers. How much of the total 
supply voltage is positive and how much is negative with reference to ground depends on where the ground 
connection is made along the divider. 

Triode A of Fig. 22-5 is operated with fixed bias obtained by the saine general method as in Figs. 22-3 
and 22-4. The bias on this new triode is 15 volts negative and the plate is 150 volts positive with reference 
to ground, and the cathode. These or other plate and grid voltages may be secured by suitable choice of 
divider resistances. 

Triode B is operated with cathode bias supplied by voltage drop across cathode resistor Rk. The bottom 
of Rk is connected to 100 volts negative on the voltage divider. Plate-cathode current flowing upward through 
Rk is accompanied by a drop from 100 volts to 80 volts negative. The grid is connected through resistor Rg 
to 100 volts negative, so grid potential is 100 volts negative because there is no current and no potential 
difference across resistor Rg. 

But grid bias in triode B is not 100 volts negative. You must remember that grid bias always is the differ-
ence of potential between grid and cathode of the same tube. The grid of this tube is 100 volts negative and 
its cathode is 80 volts negative. This makes the grid 20 volts more negative than the cathode, so there is a 
20-volt negative grid bias in spite of the fact that a voltmeter connected between grid and ground would 
show the grid to be 100 volts negative. 

The plate of triode B is connected through resistor Ro to the 180-volt positive point on the voltage divider. 
An assumed 30-volt drop in resistor Ro leaves the plate 150 volts positive, with reference to ground. With 
the plate 150 volts positive and the cathode 80 volts negative, the difference of potential between plate 
and cathode is 230 volts, which is the sum of 150 and 80. Consequently, although a voltmeter measurement 
from plate to ground would show only 150 volts, the same as at the plate of triode A, the actual plate volt-
age or plate to cathode voltage on triode B is 230 volts. 

To determine a difference of potential when one potential is positive and the other negative we add the 
two potentials. It is like determining a temperature difference when one temperature is above zero and the 
other below. If the temperature changes from 30 degrees above zero to 10 degrees below zero it has become 
40 degrees colder, which we find by adding 30 (positive) and 10 (negative). 

Pentode C of Fig. 22-5 is also operated with cathode bias. Here the potential difference across cathode 
resistor Rk is the 10-volt difference between 100 volts negative and 90 volts negative. The grid of this tube 
is connected to 100 volts negative on the divider, so grid potential to ground is 100 volts. But grid bias is 
10 volts negative, because the grid is 10 volts more negative than the cathode. Grid potential, to ground, is 
the same on tubes B and C, yet there is a 20-volt bias on B and only a 10-volt bias on C. 

The plate of pentode C is connected through a resistor to the 280-volt positive point on the divider. An 
assumed drop of 30 volts in the resistor leaves 250 volts at the plate. Cathode potential is 90 volts" negative. 
Then plate voltage or plate-cathode voltage is the sum of 250 volts and 90 volts, or is 340 volts. 

The screen of the pentode is shown connected to ground. The zero reference voltage of ground is 90 volts 
more positive than cathode potential on this tube. So the screen is operating at 90 volts positive with ref-
erence to the cathode, although the screen is grounded. The screen is shown grounded only to illustrate 
what strange things may happen. Screens usually are operated at about the same voltages as plates in the 

same tubes or at a slightly lower or higher voltage. 

As has been mentioned several times before, voltage measurements during service operations ordinarily 
are made with reference to chassis ground in the absence of specific instructions to the contrary. Most serv-
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ice diagrams show voltages with reference -to ground. But unless you have a circuit diagram, or know the 
circuit, you can be sure of measuring effective plate, screen, and grid voltages only by measuring from the 
tube cathode. With one terminal of your voltmeter connected to the cathode of a tube you can measure actual 
effective voltages on the other elements, because all element voltages are considered with reference to the 
cathode so far as operation of the tube is concerned. 

BYPASSING FOR VOLTAGE DIVIDERS. Fig. 22-6 shows paths of electron flows or currents for the same 
three tubes as connected to a voltage divider in Fig. 22-5. All the currents are considered to start from the 
negative center tap on the power transformer, and all come back through the filter choke and rectifier tube 
to the transformer winding. 

Electrons for tube A pass upward through divider resistors Rd and Rc, thence through chassis ground to 
the cathode of the tube. This current goes from cathode to plate, and from the plate it returns through divider 
resistorRa, as shown by arrows. The grid of tube A is biased by potential drop in divider resistor Rc, which 
is carrying plate-cathode current for the same tube. 

Electron flow for tube B does not go through the lower part of the voltage divider, but proceeds along the 
bottom conductor to the cathode of this tube. From the plate of tube B the current returns to the filter by 
way of resistor Ra, in which we already have current from tube A. It is only the current for tube C that does 
not go through any parts of the voltage divider. 

When currents for different tubes flow together in the same resistor, signals may travel in the wrong direc-
tion between these tubes. There may be backward signal travel also when plate and grid circuits are in series 

•=, Rb 

„  Ca 

T T t 

T 

— — —> — —> 

Fig. 22-6. Electron flows in tube circuits connected to the B-minus line. 

A 
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with the sameresistor. In Fig. 22-6 there is danger of back tracking and mixup of signals which are in tubes 
A and B. But the circuit for tube C does not go through any resistors that carry currents for the other tubes, 
so signals in tube C would be unlikely to cause trouble. 

It is true that the circuit for tube C is connected across the entire voltage divider, and in this divider are 
currents for the other tubes. There is some possibility of signal mixup due to this connection, but the pos-
sibility is reduced practically to zero by the fact that across this tube circuit is connected capacitor Ca in 
the power supply filter. You will recall that a capacitor in this position maintain fl good voltage regulation. 
Good voltage regulation means reduction of alternating ripple voltage. This capacitor is equally effective 
in reducing or preventing alternating signal voltages in any lines connected to it. The capacitor doesn't 
care whether the alternations are ripple or signal, it gets rid of either or both. 

To prevent trouble from signals in tubes A and B we must add filter capacitors across their circuits, but 
instead of calling the added units filter capacitors we call them bypass capacitors. These bypass capacitors 
must be connected to all resistors which may carry currents or voltages for more than one tube, and to all 
resistors which may carry both plate signal voltages and grid signal voltages. The by-passes must be con-
nected from the resistors to the common negative side of the circuit, just like a filter capacitor. 

The necessary bypass capacitors have been added in Fig. 22-7. Bypass Cb is connected from between 
resistors Ra and Rb to the negative side of the power circuit, which we may call the B-minus side. Bypass 
Cc goes from between resistors Rb and Rc to B-minus, with the connection completed through the two grounds 

Fig. 22-7. Bypass capacitors added to the power supply circuits. 
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Fig. 22-8. Connections to a voltage divider system in a television receiver. 

which are on the resistor tap and on capacitor Cc. Bypass Cd is connected from the top of resistor Rd to 
B-minus. If all these bypasses have sufficient capacitance they will absorb the variations of signal voltages 
and currents which might cause trouble, acting just as filter capacitor Ca acts for ripple. 

In Fig. 22-7 resistor Ra is drawn in a position different than in earlier diagrams. With Ra in this new posi-
tion, and with capacitor Cb in place, it is apparent that we have here what amounts to a resistor-capacitor 
filter section following the regular choke-capacitor section of the power supply. Almost any bypassed resis-
tor in a voltage divider acts like an added resistor-capacitor filter section. 
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If Ra and Cb are considered as an added filter section, the plate of tube C is connected to a point between 
the first and second sections of the filter system. We talked about this method of connection to different 
filter sections in the lesson dealing with filters. More ripple would go to tube C than to tubes A and B, but 
this is all right in case tube C since it works from the amplified output of either of the other tubes. It might 
be a good idea to look back in the lesson on filters and examine the diagram showing this type of connection. 

To a voltage divider system may be connected not only elate, screen, and grid biasing circuits, but also 
many of the circuits required for picture tube operation. Among the picture tube circuits so connected may 
be those containing deflection coils for magnetic deflection tubes, also focusing and centering controls for 
either magnetic or electrostatic deflection tubes. Fig. 22-8 shows a fairly typical divider system with deflec-
tion coils connected across resistor Ra, and with a focusing coil connected across resistor Rb and another 
resistor which is adjustable. 

It is the practice of many manufacturers to furnish power supply service diagrams much like that of Fig. 
22-8, showing each tap on the divider marked with its voltage to ground or else to B-minus, but omitting the 
connections which lead from the voltage divider taps to the various tubes. At each point on a tube circuit 
where, in the receiver itself, a connection would be made to one of these divider taps there will be marked 
on a complete service diagram the voltage of that particular tap. Omission of the many B-power connections 
from the diagrams allows you to follow the signal circuits with less danger of confusion. 

SWEEP 
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Ra 

Rb FOCUS 
CONTROL 

FOCUS COIL 
DEFLECTION YOKE 

Fig. 22-9. Parallel connections in the voltage divider system. 
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Voltage values which are listed or marked on circuit diagrams are only approximate. Performance usually 
will be satisfactory if actual voltages are as much as 10 to 20 per cent higher or lower than the marked 
values. 

OPARALLEL CIRCUITS. By following the path of electron flow upward from the 100-volt negative line of 
Fig. 22-8 we find that this flow issuing from the top of resistor Rg divides into two parts. As shown sepa-
rately at the left in Fig. 22-9, one part of the flow goes through resistor Re and the other part through resis-
tor RI. These two resistors are connected in parallel with each other. A parallel connection or parallel cir-
cuit is one in which the total electron flow or current divides between two or more paths. 

Continuing on upward in Fig. 22-8 we find the tlyo currents from resistors Re and Rf uniting and flowing 
through resistors Rd and Re, which are in series. But the flow issuing from the top of resistor Rc again 
divides, with part of the flow taking a path through the focus coil and the other part following a path which 
goes through an adjustable resistor and the fixed resistor Rb. The focus coil and these resistors are connect-
ed in parallel. 

At the right in Fig. 22-9 is shown the entire upper part of our voltage divider system, from the top of re-
sistor Re all the way to the connection for the power filter. The focus coil in a receiver would be mounted 
around the neck of the picture tube. The adjustable resistor connected across this coil, in series with re-
sistor Rb, is the focus control whose adjustment allows obtaining good detail in picture reproduction. This 
control acts to send more or less of the total current through the focus coil. 

Currents which have gone through the focus coil and the resistors in parallel with that coil come back 
together at the top of resistor Rb, but immediately divide again. Part of the total current now goes upward 
through resistor Ra while the other part goes through a deflection circuit for the picture tube. Resistor Ra 
is in parallel with this deflection circuit, or the resistor and the circuit are in parallel with each other. 

The deflection circuit contains two deflection coils indicated by symbols in Fig. 22-8. These coils are 
part of the deflection yoke shown around the neck of the picture tube in Fig. 22-9. In series with the deflec-
tion coils in the yoke is the secondary winding of a coupling transformer whose primary winding is in the 
plate circuit of the sweep amplifier tube. Later we shall examine all these circuits which relate to picture 
tube operation. Just now we are interested only in their relations to the voltage divider system of this par-
ticular power supply. 

A 

o 
14-- 10 

VOLTS 

SAME VOLTAGE 

Fig. 22-10. Voltages across paths in parallel. 
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In Fig. 22-9 we have looked at only three of the many parallel connections found in all receivers, not 
only in power supply sections but everywhere else, and especially wherever there is some kind of adjust-
able control. It is just as necessary to understand the relations of voltage, resistance, and current in par-
allel circuits as in series circuits. Perhaps it is even more necessary, because service problems involving 
parallel connections often are more puzzling than those related to series circuits. 

There are two possible ways of learning about parallel circuits. One way would be to commence with a 
detailed study of the fundamental principles relating to such circuits. This is a good way, but it takes a 
peat deal of time and is not particularly interesting, because we have to learn and remember all the prin-
ciples before watching them at work in television and radio receivers. 

The other way is to make the briefest possible listing of the facts relating to parallel circuits, then keep 
this list handy as we later come to all the applications of parallel circuits in actual practice. Then, if it 
isn't already quite apparent how things are supposed to work, we may refer back to the list for help. This 
second way is the one we shall adopt. In the remainder of this lesson are the facts, and some handy formulas 
to go with them. 

1. Voltage is the same across each of any number of paths in parallel. 

Explanation: In diagram I of Fig. 22-10, if potential difference across resistor A is 10 volts it must also 
be 10 volts across resistor B, and across any other resistors in parallel, because both or all the resistors 
are connected directly together at their ends. 
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Fig. 22-11. Relations of voltage, resistance, and current in parallel paths. 
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2. Voltage, resistance, and current in any one parallel path have the same relations to one another as in 
a series circuit. 

Explanation: At 2 in Fig. 22-10 the potentials at the ends of either path must be the same as at the ends 
of the other path. Then current in either path is equal to voltage divided by resistance, and resistance is 
equal to voltage divided by current, just as in a separate series circuit. 

RESISTANCES IN PARALLEL. 14 shall continue with numbered facts relating to resistances in parallel 
with one another. % hat we shall call " combined resistance" is the opposition of all the parallel paths to 
the total current which will flow through all of them. In following explanations we shall be using our regular 
formulas for resistance, current, and potential difference — the same ones we use when working with series 
circuits. 

3. Combined resistance always is less than the least resistance in any one of the paralleled paths. 

Explanation: In diagram 1 of Fig. 22-11 the upper paralleled resistance is 4,000 ohms and the lower one 
is 12,000 ohms. Potential difference (across each) is 12 volts. Current in the upper resistance must be 3 
ma and in the lower one 1 ma. Total current is 4 ma, with a potential difference of 12 volts. Our regular 
formula for resistance shows that 4 ma with 12 volts corresponds to 3,000 ohms resistance. This is the 
combined resistance of 4,000 ohms and 12,000 ohms in parallel. It is less than either of the separate resis-
tances. 

4. Adding an extra path in parallel reduces the combined resistance. 

Explanation: In diagram 2 of Fig. 22-11 there has been added a third parallel path with resistance of 6,000 
ohms. Potential difference across the circuit still is 12 volts. Then this added path will carry current of 2 
ma. Total current in the three paths now is 6 ma. This current, with 12 volts, corresponds to 2,000 ohms — 

2 MA 1 
1 

12 VOLTS 

F ig. 22-12. Measuring combined resistance of equal resistances in parallel. 
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which is the combined resistance. Combined resistance has been reduced from 3,000 ohms to 2,000 ohms by 
adding a paralleled resistance. 

5. Combined resistance is altered by changing the resistance in any one path. 

Explanation: In diagram 3 of Fig. 22-11 the upper resistance has been changed from 6,000 ohms to 3,000 
ohms. With the 12-volt potential difference this upper path now carries current of 4 ma. Total current in the 
three paths is 8 ma. This current, with 12 volts potential difference, corresponds to 1,500 ohms combined 
resistance, whereas in diagram 2 the combined resistance is 2,000 ohms. 

COMPUTING COMBINED RESISTANCES. Often it is necessary to compute the combined resistance of 
two or more paralleled resistances without going through the long reasoning processes used with Fig. 22-11. 
Following formulas help solve many service problems, especially when making replacements where you are 
unable to duplicate original combinations of resistances, but must have an effective substitute. 

6. Combined resistance of any number of paths whose resistances are alike is equal to the resistance of 
one path divided by the number of paths. 

Explanation: At the left in Fig. 22-12 are three paralleled resistances of 6,000 ohms each. Potential dif-
ference is 12 volts. Current in each path must be 2 ma. Total current through all three paths is 6 ma. This 
current, at 12 volts, corresponds to a combined resistance of 2,000 ohms, which is exactly one-third the 
resistance in any one of the paths. 

At the right in Fig. 22-12 is pictured an actual measurement demonstrating the combined resistance of 
equal resistances in parallel. Three 1,500-ohm resistors are connected together at their ends by the vertical 

3000 OHMS 

2 MA 
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Fig. 22-13. Measuring combined resistance of two unlike resistances in parallel. 
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Fig. 22-14. Measuring combined resistance of three unlike resistances in parallel. 

metal strips. To the parallel circuit is applied a 3-volt potential difference from two dry cells. The volt-
meter indicates this potential difference. In series with the dry cells and paralleled resistors is a milli-
ammeter indicating current of 6 ma. This current, with 3 volts, will give the combined resistance as 500 
ohms, one-third the resistance of each unit. 

7. Combined resistance of two paths of equal or unequal resistances is found from dividing the product 
by the sum of the resistances. 

Calling the two resistances Ra and Rb, we have this formula. 

Ra x Rb  
Combined resistance 

Ra + Rb 

At the left in Fig. 22-13 are paralleled resistances of 3,000 and 6,000 ohms. With 12 volts potential dif-
ference the currents are respectively 4 ma and 2 ma, for a total of 6 ma. This current, with 12 volts, indi-
cates a combined resistance of 2,000 ohms. Using the separate resistance values in the formula gives, 

3000 x 6000 18 000 000  Combined resistance — — 2000 ohms 
3000 + 6000 — 9 000 

Try the formula with resistances shown at / in Fig. 22-11, where we found combined resistance to be 
3,000 ohms. 

At the right in Fig. 22-13 the meters are used for computing the combined resistance of unequal resistances 
in parallel. The two resistances are 2,000 ohms and 500 ohms. Potential difference is 3 volts, as read on 
the voltmeter. The milliammeter reads 7.5 milliamperes. Using our regular formula for resistance (as employ-
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cd for series circuits) sheers that resistance corresponding to 3 volts and 7.5 ma is 400 ohms. Check this 
value of combined resistance by using the new formula for product divided by sum. 

8. Combined resistance of more than two unlike resistances may be determined by first computing the 
combined resistance of any two, then using this value with a third resistance, and so on. 

Explanation; At the left in Fig. 22-14 are paralleled resistances of 12,000 ohms, 4,000 ohms, and 6,000 
ohms marked respectively A, B, and C. Using the product and sum method to determine combine resistance 
of 4 and B we have, 

12000 x 4000 48 000 000  
Combined resistance _ 12000+ - 16 000 - 3000  oh" 

This combined resistance of 3,000 ohms was found correct with diagram I of Fig. 22-11, where we have 
the same two separate resistances. 

Now we consider 4 and B as a single resistance of 3,000 ohms. Using the product and sum formula with 
this 3,000-ohm resistance and the third resistance of 6,000 ohms at C gives, 

3000 x 6000 18 
000 

000 000  
Combined resistance - 3000 + 6000 - 9 = 2000 ohms. 
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must increase the total. 

12. Total current in paralleled paths is equal to applied voltage divided by combined resistance. 

This is simply an application of our regular rule for current, as used with series circuits, stated in a way 
that applies to parallel circuits. We may write, 

Current, ma =  1000 x applied voltage  
combined resistance, ohms 

EFFECTS OF RESISTANCE ON CURRENTS. Current in one parallel path is not altered by changing the 
resistance in another parallel path provided the overall voltage is not changed. In diagram I of Fig. 22-15 
are parallel resistances of 3,000 ohms and 6,000 ohms, with 12 volts potential difference. Currents are re-
spectively 4 ma and 2 ma. In diagram 2 the 6,000-ohm resistance has been replaced with 2,000 ohms, in-
creasing the current in this lower path to 6 ma. But current in the 3,000-ohm resistance remains unchanged, 
because applied potential difference is not changed. 

In diagram 3 of Fig. 22-15 the parallel resistances from diagram / are in series with ,100 ohms. Combined 

3000 OHMS 
400 OHMS 

2 MA 

400 OHMS 

6 MA 

3000 OHMS 

3 VOLTS 

12 VOLTS 

2000 OHMS 

 AAA  

10 VOLTS 

 NV\  

1200 OHMS 

--> 

12 VOLTS 

9 VOLTS 

Fig. 22-15. The effects of resistance in series with a parallel circuit. 
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resistance of the two paralleled resistance is 2,000 ohms. The 12-volt potential difference now is applied 
across the entire circuit consistingof the 400-ohm resistance in series with the combined parallel resistance 
of 2,000 ohms. Potential difference divides proportionately to resistance, as we learned long ago, so there 
must be 2 volts across the added 400 ohms and 10 volts across the paralleled resistances. 

In diagram 4 the parallel resistances from diagram 2 are in series with the 400-ohm added resistance. 
Combined resistance of the two paralleled units is 1,200 ohms. The 12-volt potential difference again is 
across the entire " series-parallel" circuit. Now the propontional division of potential difference gives 3 
volts across the 400-ohm resistance and only 9 volts across the paralleled resistances. 

OSince potential difference across the paralleled resistances of diagram 4 is different than in diagram 3, 
currents in the paralleled resistances will be different in the two diagrams. Altering the resistance from 
6,000 to 2,000 ohms in the lower paralleled path has changed the currents in both paths, but only because 
there has been a change of the potential difference applied across the paralleled resistances. 
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LESSON NO. 23 

VOLTAGE DIVIDERS AND SERIES HEATERS 

In the first method of voltage division which we examined in the preceding lesson the high voltage from 
the power supply is dropped in the audio output amplifier tube, and the remaining lower voltage is applied 
to plates and screens of other tubes in the receiver. This particular method of voltage division is a fairly 
recent development. The chief advantage is a reduction of power supply current. içith the same current or 
same electron flow passing through two groups of tubes, the demand on the power supply is only as great 
as for one of the groups alone. This allows using a smaller power supply for a given number of tubes, or 
allows reduction of ripple voltage in any case. 

This method of voltage division involves the principles of parallel circuits. Since we now are acquainted 
with these principles we may make a more complete examination of how this system operates. 

Power supply circuits as used in several television receivers are shown by Fig. 23-1. The positive ter-
minal of thepower supply filter connects through conductors drawn with heavy lines to all three audio tubes, 
also to the video and sweep amplifiers, and to the r-f oscillator which is in the tuner section of the receiv-
er. From the cathodes of the three audio tubes are obtained plate and screen voltages and currents for the 
three video i-f amplifiers, for a sync amplifier, and also for the r-f amplifier and mixer tubes in the tuner 

section. 

Tubes not shown on this diagram are supplied with plate and screen voltages and currents from the high-
voltage power supply. The high-voltage supply, in addition to caring for the needs of the picture tube, fur-
nishes plate and screen voltages and currents for two sweep oscillators, another sweep amplifier, and a 
sync amplifier. 

The general scheme of voltage and current division from the low-voltage power supply is shown in Fig. 
23-2. Here each of the tubes is represented by a circle. Positive and negative terminals of the power supply 
are at the left. On the simplified connections between the tubes, and to the power supply, are arrows indi-
cating directions of electron flow. 

Electrons are considered to start from the negative terminal of the power supply and to flow into chassis 
metal through the ground connection. From ground connections shown along the bottom of Fig. 23-2 there is 
electron flow to the cathodes of all tubes whose cathodes are connected directly or through a resistor to 
ground. All these connections may be seen on the circuit diagram of Fig. 23-1. 

Electron flows which have passed through six tubes come together at point a on the diagram. Part of this 
combined electron flow goes through resistor Ra and returns to positive of the power supply along the top 
line of the diagram. The remainder of the combined flow goes to the cathodes of the three audio tubes, and 
from plates and screens of these tubes returns to the positive of the power supply along the top line. Elec-
tron flows for the r-f oscillator, video amplifier, and sweep amplifier go from ground to the cathodes of these 
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POWER 
SUPPLY 

R-F 
OSC 

Fig. 23-1. Television power supply system in which audio-tube plate circuits are in series 
with plate circuits for video and r-f tubes. 

VIDEO I-F AMPS 

SYNC 
CLIPPER 

tubes,and from their plates and screens the electrons return to positive of the power supply through the top 
line. 

The six tubes whose electron flows join at point a are in parallel with one another. Current coming to 
point a then is the sum of plate and screen currents from all six tubes. Although the potential difference 
between point a and ground is applied to the circuits of all six tubes, these tubes may be operated at var-
ious voltages by utilizing potential drops in resistors shown in the diagram of Fig. 23-1. 
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Fig. 23-2. Electron flows for tubes whose plate circuits are connected in series and parallel. 

The three audio tubes are in parallel with one another and with resistor Ra. The total current in the three 
audio tubes and in Ra must be the same as the total current coming to point a from the six tubes down below. 
The potential difference which is across resistor Ra must be the same as applied to the circuits of each of 
the audio tubes, but plate and screen voltages for these tubes may be varied by means of resistors connected 
to each tube circuit. 

Since the r-f oscillator, video amplifier, and sweep amplifier are each connected between positive and 
negative of the power supply the circuits of these tubes are subjected to the full supply voltage. Pla te and 
screen voltages suitable for each of these three tubes are secured by voltage dropping resistors in their 
circuits. All this may be seen on the diagram of Fig. 23-1. 

In the voltage division system which we are examining the high potential from the positive of the power 
supply to ground is 360 volts. The drop in the audio tube circuits is 220 volts. This leaves the potential on 
the cathode line for these three tubes at 140 volts positive with reference to ground. Grid voltages must be 
negative with reference to this cathode potential in order to have negative grid biases, but grid voltages 
still will be highly positive with reference to ground. 

Methods of grid biasing are illustrated by Fig. 23-3. At the audio output tube there is a connection from 
the 360-volt supply line through resistors Rb and Rc to ground. These two resistors form a voltage divider 
across the top and bottom of which is the entire potential difference from 360 volte to ground. Part of this 
total voltage is dropped in resistor Rb and the remainder in Rc. The part dropped in resistor Rb is 235 volts, 
which leaves 125 volts at the top of Rc. This remaining 125 volts is dropped in resistor .Rc. The resistances 
of the two voltage divider resistors are so proportioned as to divide the total voltage in this manner. 

The 125-volt point on the voltage divider Rb-Rc is connected through resistor Rg to the grid of the audio 
output amplifier. The cathode of this tube connects directly to the 140-volt line. Consequently, the grid is 
15 volts less positive than the cathode, and is effectively 15 volts negative with reference to the cathode. 
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AUDIO OUTPUT AUDIO 

Fig. 23-3. Grid biasing for audio tubes whose cathodes are connected to plate and screen circuits of 
other tubes. 

This is a 15-volt negative grid bias for this amplifier. Since the grid is always negative with reference to 
the cathode there is no current in resistor Rg. With no current there is no difference of potential across Rg, 
and at the end connected to the grid the potential is the same as at the end connected to the voltage divider. 

The audio amplifier tube is biased by a similar method. Here the voltage divider resistors are Rd and Re. 
They are connected between the 140-volt line and ground. Only 5 volts out of the total 140 volts to ground 
is dropped in resistor Rd, which leaves 135 volts at the top of Re. The grid of the audio amplifier tube is 
connected through its grid resistor Rg to the 135-volt point on the voltage divider. The cathode is connected 
directly to the 140-volt line. Consequently, the grid is 5 volts less positive than the cathode, or is effect-
ively 5 volts negative with reference to the cathode, and this tube is provided with a 5-volt negative grid 
bias. Again there is no current and no difference of potential in resistor Rg, because the grid always is neg-
ative with reference to the cathode. 

The audio i-f amplifier tube, at the right in Fig. 23-3, is biased by the grid-leak method. The cathode of 
this tube is connected through resistor Rk to the 140-volt line. Accompanying the plate and screen currents 
in this resistor is a potential difference of 5 volts, which places the cathode at 145 volts positive. Grid-leak 
bias by means of grid resistor kg and coupling capacitor Cc will make the grid more or less negative with 
reference to the cathode as signal strength increases and decreases. Grid potential will average about 136 
volts with reference to ground. This is 9 volts less positive than the cathode, so we have a 9-volt negative 
grid bias. 

Although resistor Rk on the audio i-f amplifier is in series with the cathode it is not a cathode-bias resis-
tor because the grid return is not to the low end of this resistor. It is evident that bias is by means of grid 
leak action because the leak resistor Rg is connected directly to the cathode of this tube. 

VOLTAGE REGULATION. When total voltage from the power supply divides between two groups of tubes, 
as in the system we are examining, the audio output tube acts to maintain nearly constant plate and screen 
voltages for the tubes down below. This voltage regulating action is explained as follows. 
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U-Pio begin with, practically all receivers have what is called automatic gain control, which makes the r-f 
and video i-f amplifiers more sensitive to weak signals than to strong ones and thus avoids the need for 
frequent manipulation of the contrast control. This automatic gain control operates to increase the plate 
currents when signals are weak. The increase of plate current tends to lower the plate voltage, as we learn-
ed when studying the behavior of triodes and pentodes. 

Any tubes which, as at 1 in Fig. 23-4, are in series across the practically constant output voltage of the 
power supply are equivalent to resistances in series, as at 2. So far as electron flow is concerned the tubes 
really are resistances, they are plate-cathode resistances. Now, with the tubes considered as resistances, 
it is plain that we have a voltage divider across the power supply. Division of voltage is such as to provide 
140 volts at the cathode line. 

Should a change of signal strength make the lower tubes decrease their plate voltage to 135 volts we 
would have the condition shown by diagram 3. Our original voltage division has been upset because, in ef-
fect, the lower tubes have decreased their plate cathode resistances. What can be done to restore the former 

division of voltage? 

To answer this question let's first find the real reason for lessened voltage on the cathode line. The 
reason is that much of the greater current being taken by the r-f and video i-f amplifier tubes, or the bottom 
resistance, goes through the resistance of the audio output amplifier. More current increases the voltage 
drop across this upper resistance, or the audio output tube. This greater drop across the upper resistance 
or tube leaves less voltage at the cathode line and at the plates of the r-f and video i-f amplifiers. 

O 

360 VOLTS 360v 

140 
VOLTS 

CATHODE LINE 

360v 

?40 135 
VOLTS VOLTS VOLTS 

125 
VOLTS 

VOLTS Ov Ov 

135 

Fig. 23-4. An audio tube may provide automatic voltage regulation for tubes whose plates are fed from 
the audio tube cathode. 
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To correct the condition we must lessen the upper resistance, .or the resistance of the audio output tube, 
so that there will be less voltage drop even with the greater current in this tube. To lessen the tube resis-
tance we may make its grid bias less negative. This will allow more plate-cathode current and will be equiv-
alent, in effect, to less tube resistance. 

Grid bias on the audio output amplifier is changed as illustrated at 4 in Fig. 23-4. Voltage on the grid 
remains constant, because it is being taken from the constant voltage of the power supply at resistors Rb 
and Rc of Fig. 23-3. But, in our example, cathode voltage on this tube has decreased from 140 volts to 135 
volts. With the grid remaining at 125 volts there will be a negative bias of only 10 volts instead of the former 
15 volts. This allows more current through the audio output tube. 

The extra current required in the tubes down below now flows through the lessened resistance of the audio 
output tube. Ve have lowered the resistance of the audio output tube to match the lessened resistance in 
the r-f and video i-f amplifiers. This has restored the proportions of our voltage divider resistances to bring 
the cathode line back to 140 volts. 

All the actions which have been described occur together, and voltage regulation is almost instantaneous. 
The potential on the cathode line and on the plates of the lower tubes won't change more than a volt or two 
when switching from a strong signal to a weak one. 

HEATER CIRCUITS. In voltage division systems for B-power supplies we have come across a number of 
parallel circuits, also many paralleled parts which are in series with other parts. Parallel circuits are used 
not only in B-power distribution systems but also nearly everywhere else in television and radio receivers. 
A particular case relating to power supplies in general is that of the circuits for tube heaters. Here we find 
parallel arrangements, also many series heater circuits and circuits where two or more series heater "strings" 
are in parallel with one another across the power line. All these combinations will be examined. 

HEATERS IN PARALLEL. Heaters for the tubes in the majority of television and radio receivers are 

12.6 
VOLTS 

6.3 
VOLTS 

Fig. 23-5. Tube heaters in parallel. 
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connected in parallel with one another across a secondary winding provided for this purpose on the power 
transformer. The connection scheme is shown by Fig. 23-5. One side of each tube heater is connected 
through insulated wire to one end of the transformer winding. The other sides of all the heaters and the other 
end of the transformer winding are grounded to chassis metal, through which is completed the heater circuit 
to each tube. 

& All the paralleled heaters are subjected to the same voltage, which is that furnished by the transformer 
winding. The total current in this winding is the sum of the currents in all the heaters connected to it. All 
heaters connected in parallel must be rated for operation at the same voltage, which most often is 6.3 volts. 
The heaters need not be rated for equal currents, since each heater may take from the transformer whatever 
current that heater is designed to use at the applied voltage. 

Wiring connections for parallel heaters seldom are drawn on service circuit diagrams. The ungrounded end 
of the heater winding at the transformer will be marked either with its voltage or with some symbol such as 
the letter "X". A similar marking is placed at the ungrounded heater terminal of each tube symbol, or, if no 
heater terminals are shown, there will be a note mentioning how connections are made in the receiver wiring. 

Some tubes have heaters designed for operation on either 12.6 volts or 6.3 volts, as shown at the bottom 
of Fig. 23-5. The heater inside the tube is made in two sections with a tap from the mid-point connected to 

R-F 
AMP. 

VI 

CONVERTER 

V6 V5 

I-F 
AMP 

V3 

DETECTOR 
AND A-F AMP 

V I V2 

AUDIO 
OUTPUT 

V4 

Fig. 23-6. Series heaters in a sound radio receiver. 
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a base pin. For operation on 12.6 volts only the outer ends of the heater are connected to the supply, so 
the two sections are in series. Current through the heater then is 0.15 ampere. For operation of 6.3 volts 
the heater sections are connected in parallel with each other, as at the right. The outer ends are connected 
together and to one side of the supply, and the center tap is connected to the other side of the supply. Curr-
ent then is 0.3 ampere, with half this current, or 0.15 ampere, flowing in each section of the heater. 

IPSERIES HEATERS. Transformerless receivers or ac-dc receivers, both sound radio and television, often ave the tube heaters connected in series with one another across the a-c or d-c power line. Heaters con-
nected in a series circuit are selected from such rated operating voltages that the sum is equal to or nearly 
equal to the voltage from the power line. Any excess of line voltage is used up by a resistor connected in 
series with the heaters and the line. 

Fig. 23-6 shows series heater connections for a six tube sound radio receiver. This is a fairly typical 
heater circuit for radio receivers. From one side of the power line there is a connection through the on-off 
switch to the heater of the rectifier tube. In parallel with part of this heater is the pilot lamp. From the far 
side of the rectifier heater the circuit goes, in order, through the audio output tube, the i-f amplifier, the r-f 
amplifier, the converter tube, the combined detector and a-f amplifier, thence to ground. The side of the 
power line which does not go to the switch is gPounded, thus completing the heater circuit through chassis 
ground. 

Heater connections such as shown at the top of Fig. 23-6 ordinarily are omitted from service diagrams. 
The order of connections then is shown by a small separate diagram of the general style shown below. On 
this small diagram the heater "string" is drawn along a straight line, and the tubes are identified either by 
name or else with the same tube numbers found on the main diagram showing all other circuits. 

eThe order in which the heaters are connected along the series circuit from power line to ground in sound 
radio receivers is chosen to reduce the likelihood of audible hum at the power line frequency. The tube most 
likely to pick up hum voltage is the detector, so the detector is nearly always at the grounded end of the 
heater line. The rectifier, whose plate-cathode circuit always carries voltage at line frequency, has its 
heater at the line end of the heater circuit. Remaining tubes are connected in various orders, according to 
the ideas of the set designer. 

In the circuit of Fig. 23-6 might be tubes whose heaters are designed for the following voltages and curr-
ents. 

It-f amplifier 12.6 volts 0.15 ampere 

Converter 12.6 volts 0.15 ampere 

l-f amplifier 12.6 volts 0.15 ampere 

Detector and a-f amplifier 12.6 volts 0.15 ampere 

Audio output 35.0 volts 0.15 ampere 

Rectifier 35.0 volts 0.15 ampere 

Totals 120.4 volts 0.15 ampere 

In a series circuit the overall voltage is the sum of the separate voltages in all the parts, and the total 
current is the same as the current in each part. The overall voltage, 120.4, is within 3 per cent of standard 
line voltage, which is 117.0. On this standard line voltage, each heater would operate at about 3 per cent 
under its rated voltage. In some receivers you will find heaters operating at anything from 15 per cent under 
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to 15 per cent over their rated voltages, although limits of 10 per cent under to 5 per cent over are considered 
much better practice. Tubes are designed to operate satisfactorily within these latter limits of heater volt-
age. 

All parts in a series circuit must carry the same current. In Fig. 23-6 all tube heaters are of types design-
ed to operate with current of 0.15 ampere. All the tubes might be of types having 0.3-ampere heaters, and 
the requirement of equal currents would be satisfied. Should you place a 0.15-ampere heater in a string de-
signed for 0.3-a mpere operation the low-current heater would burn out.1‘ith a 0.3-ampere heater in a string 
designed for 0.15-ampere operation the high-current heater would remain too cool and the tube would not op-
erate correctly, if at all. 

Fig. 23-7 is a circuit diagram for series heaters in a television receiver. The line current is alternating, 
but for purposes of explanation we may consider the current as flowing momentarily from the top lead in the 
line plug at the left. Total current divides at point a. Part of the current flows on upward through the 130-
ohm fixed resistor, thence to the right through the heaters of eight tubes in series. Up above the V-shaped 
symbol for each tube heater is the name of the tube, the rated voltage of that heater, and the resistance of 
the heater. All these heaters are designed to operate with current of 0.3 ampere. Their resistances are de-
termined by using our regular resistance formula, with this value of current and with the voltages shown for 
each separate heater. 

The other part of the current leaving point a flows to the right through a 75-ohm fixed resistor and through 
the heaters of seven tubes in series. Below the heater symbols are the tube names, also the heater voltages 
and resistances. 

Currents from the upper and lower series strings come together at their right-hand ends, in the conductor 
marked b. With 0.3 ampere from the upper string and another 0.3 ampere from the lower string of series heat-
ers the total current coming to b is 0.6 ampere. This total current flows through the picture tube heater, which 
is rated to operate with 0.6 ampere and 6.3 volts. 

V...i..dt:)1F.,..„... 
Audio R-F Audio R-F Osc ist 2Trd"-- 3rds Sound 
Output Amp I-F & Mixer Detector 

Volts --op- 25.0 6.3 6.3 6.3 6.3 6.3 6.3 6.3 
Ohms ---30. 83.3 21 21 21 21 21 21 21 

P icture 
Tube 

6.2 volts 
0.6 amp 
10.5 ohms 

22 
ohms 

_AAA_ 

H-V Hor Vert Vert Hr Sync Video Audio 
0 sc 

--...  
Amp Amp Osc 0 sc  .... Amp Amp Amp 

Sweep 
6.3 volts 

Volts --oi- 25.0 12.6 12.6 12.6 12.6 6.3 6.3 0.3 amp 
Ohms --> 83.3 42 42 42 42 21 21 21 ohms 

Fig. 23-7. Two series heater strings in parallel with each other, and in series with heaters for two tubes. 
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The next heater toward the right, which is the final one, is in the audio amplifier. The heater of this ampli-
fier is designed for 0.3 ampere at 6.3 volts. Since 0.6 ampere is coming from the picture tube heater, it is 
necessary to connect in parallel with the audio amplifier heater a resistance to carry the extra current. This 
resistance is shown as 22 ohms, which is one of the standard.resistance values. The 0.6 ampere current 
will divide between the 22 ohms of resistance and the 21 ohms in the tube heater. Since the two resistances 
are approximately equal, the currents in them will be approximately equal, and there will be 0.3 ampere in 
the audio amplifier heater. 

The total current of 0.6 ampere returns to the power line through the conductor at the bottom of the diagram 
and through the on-off switch. 

From various points along the upper string of heaters in Fig. 23-7 are connected capacitors to ground. 
These are bypass capacitors whose purpose is to prevent signal voltages which are in one tube from getting 
into other tubes by way of the heater circuit. Although the heater is separated from the cathode by insulation 
which prevents leakage of direct currents and potentials, this insulation combined with the conductive heater 
and cathode on opposite sides may provide enough capacitance to allow some leakage of high-frequency 
signals. Between heaters of the video i-f tubes, and between the third video i-f and the sound detector heat-
ers are small inductors called radio-frequency chokes. These r-f chokes offer high inductive reactance to 
the high-frequency signal currents and thus provide additional safeguard against signal leakage. 

Now we shall make a check of the total resistance offered by the heater strings to flow of current from 
the power line. 

Series Resistor 
Audio Output 
R.F. Amp. 
Audio I.F. Amp. 
R.F. osc, and mixer 
1st Video I.F. 
2nd Video I.F. 
3rd Video I.F. 
Second detector 

Total Resistance 

130 ohms 
83.3 
21 
21 
21 
21 
21 
21 " 
21 "  

360.3 ohms 

Series Resistor 
High Voltage Osc. 
Horiz. Sweep Amp. 
Vert. Sweep Amp. 
Vert. Sweep Osc. 
Horiz. Sweep Osc. 
Sync Amplifier 
Video Amp. 

Total Resistance 

To find the equivalent resistance we use the product over the sum formula. 

360.3 x 368.3 132698.49  
— 182.1 approx. 

360.3 + 368.3 — 728.6 

75 ohms 
83.3 " 
42 " 
42 
42 " 
42 " 
21 " 
21 "  

368.3 ohms 

The combined resistance of the Audio Amplifier heater and its parallel resistor is about 10.7 ohms, as you 
may check by using the same formula mentioned above. Since we have the equivalent resistances of both the 
parallel groups we changed the circuit to a simple series circuit. The total resistance as the source sees it 
then would be the sum of these series resistances. 

182.1 + 10.7 + 10.5 (picture tube resistance) = 203.3 ohms 

If we use our regular formula for current with total resistances and the standard line voltage, 117 volts, 
the total current in the circuit would be about .5755 amperes. This current would flow with exactly 117 volts 
and with all tube heater re sistances of exactly their rated values, which seldom happens in practice. Resis-
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Fig. 23-8. How the current varies in a ballast when there are changes of line voltage. 

tances of the r-f chokes in the heater string are so small that we may neglect them. 

The accompanying table gives resistances in ohms of tube heaters rated for various voltages and currents. 
There is a column for each common voltage. Currents, in amperes are listed at the left. 

TUBE HEATER RESISTANCES, OHMS 

Current, 
amperes 6.3 

Rated 
12.6 

Voltages 
25 35 45 50 

0.15 42 84 167 233 300 333 

0.3 21 42 83.3 117 150 

0.45  14 I 28 

0.6 10.5 21 

It is not pos 

resistance or working resistance of the heater when at its normal operating temperature is much higher than 
its cold resistance, which would be the resistance measured with an ohmmeter. As examples, the cold re-
sistance of a 12.6-volt 0.15-ampere heater will measure 12 to 13 ohms as against its hot resistance of 84 
ohms, and cold resistance of a 35-volt 0.15-ampere heater will measure about 33 to 35 ohms as against 233 
ohms hot resistance. 

A 
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Whenever a heater rated for relatively small current is connected in series with a circuit carrying greater 
current, or with other heaters carrying greater current, the low-current heater must be parallel with a fixed 
resistor. This happened with the heater for the audio amplifier in series with the picture tube heater of Fig. 
23-7. A parallel resistor used to lessen the current through some other part usually is called a shunt. The 
required shunt resistance is computed thus: 

Shunt 
resistance 

rated volts for tube heater 
total amperes — amperes for tube heater 

As an example, assume that we wish to connect a 12.6-volt 0.15-ampere heater into a string where the 
current is 0.3 ampere. Then we have, 

Shunt = 12.6  =  12.60  84 ohms, connected in parallel 
resistance 0.30 — 0.15 0.15 

0 BALLASTS AND SERIES RESISTORS. At the left-hand ends of the heater strings in Fig. 23-7 are fixed 
resistors of 130 ohms and 75 ohms which use up enough of the line voltage to leave remainders equal to the 
sum of the voltage drops required by tube heaters in each string. Certain types of series resistors used 
with tube heaters and with other loads in some receivers may act also to counteract changes of line voltage, 
at least to a considerable extent. These voltage compensating or voltage regulating resistors are called 
ballasts. 

The wire in the ballast resistance is of iron or iron alloy. Current in the ballast heats the iron wire. At 
first the resistance of the iron increases quite uniformly with increase of current and rise of temperature, 
but at or near a dull red heat the resistance of the iron commences to increase much faster than current. 
Then there is relatively great increase of resistance with small additional increase of current. The result 
is to allow current to rise to a certain value, then to strongly oppose further increase of current. 

This action is illustrated by Fig. 23-8. Rise of line voltage causes rapid rise of current until resistance 
of the iron wire commences its rapid increase. Then the increasing resistance of the iron holds current al-
most constant with further rise of line voltage over a considerable range. If line voltage increases beyond 
this range the ballast wire becomes too hot to retain its regulating property, and current rises as fast as 
before the action commenced. With tube heater current thus maintained fairly constant there is correspond-
ingly constant voltage drop in the tube heaters, so we may say that the ballast regulates heater voltages. 

Ballasts usually are constructed on 8-pin (octal) or 4-pin bases of the kind used for radio and television 
tubes. This construction is pictured in Fig. 23-9. The ballast resistances may be sealed in glass or metal 
envelopes similar to tube envelopes, or they may be protected within cylinders of perforated steel without 
sealing. 

Sealed envelopes often contain hydrogen gas. This gas is a poor conductor of heat, with the result that 
heat from the ballast wire passes only slowly to surrounding air and temperature of the ballast depends chiefly 
on current and change of current. A cracked envelope may admit air to form a weakly explosive mixture with 
the hydrogen. If the mixture is ignited by the red hot wire the glass of an envelope will be blown outward, 
whereas in an ordinary vacuum tube the glass collapses inwardly. 

When ballast resistances are visible through glass or a perforated metal envelope you may see a dull red 
glow during normal operation. All ballasts, as well as plain series resistors, run quite hot. There must be 
free circulation of air around these units in order to carry away the heat. 
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Fig. 23-9. Ballasts for television and radio receivers. 
Left: Ballast wire on mica insulator enclosed by glass envelope. 
Center: Ballast with burned out sections, shown with envelope removed. 
Right: Ballast enclosed within perforated steel cylinder. 

A short circuit or accidental ground in parts or wiring connected to a ballast almost always burns out the 
ballast wire, which necessitates replacement of the unit. If a new ballast is put in before locating and cor-
recting the cause for burnout, the new unit will go the way of the original one. Ballasts cost about as much 
as radio tubes, so it pays to correct the trouble before burning up new ballasts. 

All the ballast resistances or plain series resistances for a receiver usually are contained in a single 
unit which mounts in a tube socket to whose prongs the various circuits are connected. As an example, in 
Fig. 23-7, a single ballast unit would contain both resistances which are in series with the heater strings, 
and also the shunt resistance for the audio amplifier. The single ballast unit ordinarily will contain in ad-
dition one or more of the resistances used in filter sections of the B-power supply. In receivers having par-
allel-connected tube heaters run from a transformer there may be a ballast unit containing only filter resis-
tors. 

Pilot lamps in transformerless radio receivers often are connected across a portion of the series resistance 
or ballast resistance which is in the tube heater circuit. Fig. 23-10 illustrates a typical arrangement of this 
kind. The ballast, on an 8-pin base, has resistances between pins 3 and 8, also between 8 and 7. The entire 
resistance, from pin 3 to pin 7, is in series with the tube heaters. The pilot lamp is in parallel with the re-
sistance between pins 8 and 7. 

The most commonly used radio pilot or dial lamp is the type 47, designed to operate on 6.3 volts and 0.15 
ampere, which means a hot resistance of 42 ohms. If tube heaters of Fig. 23-10 require current of 0.3 ampere 



Fig. 23.10. Pilot lamp connected across a section of the ballast. 
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BALLAST 
TUBE HEATERS 

it is necessary to send half of this total current, 0.15 ampere, through the pilot lamp and to send the other 
half through the resistance between ballast pins 8 and 7. For equal division of current, the resistance of 
this ballast section must be equal to the hot resistance of the pilot lamp, or must be 42 ohms. 

If resistance between pins 8 and 7 is 42 ohms, and resistance of the pilot lamp is 42 ohms, their combined 
parallel resistance is 21 ohms. Then, so far as the heater circuit is concerned, there is resistance of 21 
ohms between pins 8 and 7. The remainder of whatever resistance is required in the heater circuit will be 
between pins 3 and 8 of this particular ballast unit. 

Some of the rectifier tubes used in transformerless receivers are designed for connection of a pilot lamp 
or dial lamp across part of the tube heater resistance. The heater connections for a rectifier tube of this 
style are shown in Fig. 23-6. A more complete circuit is shown by Fig. 23-11. The pilot lamp is in parallel 
with the left-hand section of the rectifier heater. Voltage drop across this section of the heater is the same 

a 

PILOT 
LAMP 

 ,RECTIFIER 

/orraN 
B 

TUBE HEATERS 

Fig. 23-11. Pilot or dial lamp connected across part of a rectifier heater. 
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as required by the pilot lamp. (Part of the current for the rectifier filament goes from a to b, through part of 
the heater to d, and to the other heaters. The remainder goes through the pilot lamp to c, and to the rectifier 
filament to d.) 

Part of the line current for tube heaters other than in the rectifier goes through the pilot lamp to c, thence 
through the right-hand part of the rectifier to d, and to the remaining heaters. The remainder of the heater 
current goes from a to b, through both parts of the rectifier heater to d, and to the other heaters. Total drop 
in the rectifier heater is 35, 40 or 45 volts, depending on the type rectifier in use. If this is not enough drop 
for the heater circuit, an additional resistance will be connected in series with the heaters. 

Resistance to be added in series with any string of tube heaters which are themselves connected in series 
may be computed from this formula. 

Added series line volts — sum of all tube heater voltages  
resistance current in amperes, for one heater 

As an example, in Fig. 23-11 we might have a 35-volt rectifier heater, three other tubes each having 12.6 
volt heaters, and one audio output tube with a 25-volt heater. This rtiakes a total of 97.8 volts for all the 
heaters. We shall assume that current, in each and all the heaters, is to be 0.15 ampere. Then the formula 
gives, 

Added series 117 (standard line volts) — 97.8 19.20 
0.15 0.15 

— 128 ohms 

There is such great variety in ballast units and resistor units for all the radio and television receivers 
using them that the safe way to make a replacement is with the original part as furnished by the manufac-
turer, or with an "exact replacement" as specified for the particular receiver. When you become really pro-
ficient in using the rules and formulas for series and narallel resistances it will be safe to select values 
"on your own", but not until then. 

êSERVICING SERIES HEATERS. There are certain features about series heater circuits which require 
special consideration. First, a burned out heater in any one tube of a series string will put out the heaters 
of all other tubes in that string. Each tube may be removed from its socket and the heater checked with an 
ohmmeter or any circuit tester until the defective one is located. Another way is to use an a-c voltmeter 
capable of reading line voltage. With this meter connected across the heater terminals of each tube in the 
string there will be zerovoltage until reaching the burned out heater, and there the meter will read practically 
full line voltage. 

Not all tubes have their heaters connected to the same base pins. If you put a tube in a socket where it 
doesn't belong, in a series heater string, the heater of this tube may not light — because it is not connected 
in the heater circuit. 

Oftentimes you will wish to remove one or more tubes from a series heater circuit and have the remaining 
tubes operate. This may happen with the picture tube, or you may wish to remove the r-f oscillator during 
alignment. The heater holes or prongs of the socket from which the tube is removed must be connected to-
gether with a resistor. Required resistance values are given in the table of tube heater resistances, or you 
may divide the rated number of volts by the rated current in amperes for the tube and thus determine the 
ohms of resistance needed. 
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Fig. 23-12. Upper diagram shows hot chassis; lower diagram,building ground grounded chassis. 

When jumping a heater in this way you must use a resistor which will safely dissipate the power in watts. 
Compute the number of watts used by the heater by multiplying the rated heater volts by the rated heater 
amperes, then double this product to determine the resistance for the resistor. For example, to jump the heat-
er for a picture tube taking 6.3 volts at 0.6 ampere you will need 10 or 11 ohms resistance in a resistor which 
will dissipate a number of watts equal to twice the product of 6.3 (volts) and ok (ampere). This comes to 
twice 3.78 watts, or 7.56 watts.A10-watt resistor would be satisfactory. 

With series heaters, and with transformerless receivers in general, the chassis metal may be "hot". This 
means that the chassis is electrically connected to the hot wire or the ungrounded wire of the building power 
circuit. This connection is shown by Fig. 23-12. With the line plug inserted in the power line receptacle as 
in the upper diagram, the receiver chassis is directly connected to the hot wire of the line. This is the wire 
with black or other color of insulation, not white, in the building wiring. Vtith the plug reversed, as in the 
lower diagram, there is a connection from the hot wire of the building circuit through the tube heaters to 
chassis metal so long as the receiver switch is turned on. 

If you touch the hot chassis with the plug inserted as in the above diagram and at the same time touch a 
water pipe, a gas pipe, an electric fixture, or anything else connected to the building ground you will get a 
severe shock because effectively you are in parallel with the tube heaters. You are, in effect, touching both 
sides of the building power line with nothing between you and the line. t;ith the plug reversed, nothing can 
happen because there is no difference in potential between chassis and the building ground. 

In Fig. 23-11 the heater circuit is completed on both sides with insulated wire. There is no conductive 
connection from either side of the line cord to chassis metal. Between the heater circuit and chassis metal 
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T31/4 T31/4 
G3Y2 

G31/2 G4Y2 

Fig. 23-13. Types of bulbs and bases used on pilot, panel, or dial lamps. 

G41/2 

is a capacitor which completes some of the circuits for alternating signal voltages and currents. Capacitance 
here is usually 0.05 microfarad. Capacitive reactance at 60 cycles is more than 53,000 ohms, which would 
allow current of about 214 milliamperes with 117 alternating line volts. If your only connection to the line 
is through this capacitance you cannot feel even a tingle, and there is not the slightest danger of shock. 
There may, however, be other connections in the same receiver, either intentional or accidental, through 
which you will get enough voltage and current for a real shock. 

( 'When heaters are fed from a transformer secondary, as in Fig. 23-5, and the B-power supply is similarly 
operated from a secondary winding, everything in the receiver is insulated from the line. Then we have a 
cold chassis. There will be more to say about handling hot and cold chassis when learning to work with 
test instruments. 

PARALLELED RESISTORS FOR REPLACEMENTS. Before leaving the subject of paralleled resistances, 
at least for the time being, we should get acquainted with a rule of formula that gets service technicians 
out of many difficulties when making replacements from a limited stock of resistors. Here is a typical dif-
ficulty. Assume that you wish to replace a 39-ohm resistor, a value which is not in stock. But you have 
quite a few 160-ohm units and some others of greater resistance than 39 ohms. Which of these others may 
be paralleled with 160 ohms to provide combined resistance of 39 ohms? Here is the solution for the problem. 

1. Divide the resistance you have on hand by the number of ohms you want. 

2. Subtract 1 from the above quotient. 

3. Divide the resistance on hand by the difference found in step two. 

Let's try it. Step 1: Dividing 160 by 39 gives approximately 4.1. Step 2: Subtracting 1 leaves 3.1. Step 3: 
Dividing 160 by 3.1 gives about 51.6 as the required parallel resistance. There is a standard resistor value 
of 51 ohms. If you have one, and connect it in parallel with a 160-ohm unit, their combined resistance is 
about 38.7 ohms. Other standard resistance values are 47 ohms and 56 ohms, which, paralleled with your 
160-ohm unit, will give combined resistances of about 36.3 and 41.5 ohms. Both these combined resistances 
are within better than 8 per cent of the desired 39 ohms. 
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PILOT LAMPS. The accompanying table lists information relating to the types and sizes of pilot lamps 
or dial lamps in general use. The same lamp numbers are used for equivalent or like lamps by the various 
manufacturers. Shapes, sizes, and type numbers of the different glass bulbs are shown by Fig. 23-13. Bases 
are either bayonet or screw typ e, with each type of base for each of the bulbs. You may identify each style 
of lamp by noting its bulb, its base, and the color of a little glass bead at the bottom of the filament sup-
ports inside the lamp. Nominal voltages are those marked on the box in which the lamps are received, and 
sometimes on the bases also. Design voltages are normal actual voltages which you should use when making 
any computations. Amperes are the rated currents for the lamps. Resistances are hot resistances, as compu-
ted from rated voltages and currents. Keep this table for reference. 

PILOT, PANEL, OR DIAL LAMPS 

LAMP BULB BASE BEAD NOMINAL DESIGN RES. 
No. COLOR VOLTAGE VOLTS AMPS OHMS 

40 T 31/2 Screw Brown 6-8 6.3 0.15 42 

40A T 31/2 Bayonet) Brown 6-8 6.3 .15 42 

41 T 31/2 Screw White 2.5 2.5 .50 5 

42 T 31/2 Screw Green 3.2 3.2 .50 6.4 

43 T 31/2 Bayonet White 2.5 2.5 .50 5 

44 T 31/2 Bayonet Blue 6v8 6.3 .25 25 

45 T 31/4 Bayonet Green 3.2 3.2 .50 6.4 

45 T 31/2 Bayonet White 3.2 3.2 .35 9.1 

46 T 31/2 Screw Blue 6-8 6.3 .25 25 

47 T 31/2 Bayonet Brown 6-8 6.3 .15 42 

48 T 31/2 Screw Pink 2.0 2.0 .06 33.3 

49 T 31/2 Bayonet Pink 2.0 2.0 .06 33.3 

49A T 31/2 Bayonet White 2.1 2.1 .12 17.5 

50 G 31/2 Screw White 6-8 7.5 .20 37.5 

51 G 31/2 Bayonet White 6-8 7.5 .20 37.5 

55 G 41/2 Bayonet White 6-8 6.5 .40 16.3 

291 T 31/2 Bayonet White 2.9 2.9 .17 17 

292 T 31/2 Screw White 2.9 2.9 .17 17 

292A T 31/2 Bayonet White 2.9 2.9 .17 17 
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Circuit diagrams issued by set manufacturers for use by service technicians show all the parts of a re-
ceiver by means of symbols. When an experienced technician looks at a symbol he sees, in his mind's eye, 
the part itself. Looking at the symbol for a tube he sees the grid, plate, cathode, and other elements. He 
sees the pins on the base, the socket, and connections to the socket lugs — all in his mind's eye. You 
have looked at so many tube symbols in so many diagrams that you are doing just this, whether or not you 
realize it. 

It is easy for you to "see" a tube when looking at its symbol, because you are familiar with the con-
struction of tubes. Now we are going to get acquainted with the construction of control resistors. Then 
their symbols will commence to look like the real thing when you are working from a circuit diagram. 

ADJUSTABLE SLIDER RESISTORS. In Fig. 24-1 is a picture and a symbol of what may be called a 
slider type adjustable resistor, or an adjustable voltage divider. This is a wire-wound resistance element 
with the wire exposed or bared along one side. A movable contact member or slider presses against and 
makes good electrical contact with the wire at one point. The slider is built like a clamp, which may be 
loosened by turning its screw, then moved anywhere along the exposed wire and tightened to remain there. 
This resistor is connected into a circuit by means of wires soldered to the lugs on one or both ends and 
to the terminal which is formed on the slider down beyond the clamping screw. 

Adjustable slider type resistors are available with resistances from less than 1 ohm all the way to 100,-
000 ohms, and with power ratings from 5 watts to as much as 200 watts. Units of lowest power rating are 
less than 2 inches long and little more 1/4 inch in diameter. Those of greatest power rating are more than 
10 inches long and more than an inch in diameter. The size depends on the power rating. Any resistance 
may be had in any of the power ratings, and corresponding sizes. 

More than one slider may be used on a single resistance unit. Fig. 24-2 shows an experimental setup in 
which is a long resistor with three slider clamps in addition to the two end connections. The resistor is 
shown as it would be connected for a voltage divider on a power supply. Two of the sliders are set for tap 
connections furnishing plate and screen voltages to a tube, with a cathode connection at the right. A third 
slider is unconnected. 

POTENTIOMETERS. The resistors of Figs. 24-1 and 24-2 are suited only for service adjustments that 
are altered but rarely after the apparatus is first installed. They are not suitable for adjustments that may 
need altering by the operator of a receiver, nor are they very well suited for service controls that are ad-
justed during reception or while working with signal generators. For all the many operating and service 
controls in television and radio receivers it is usual to provide what are called potentiometers, with which 
the resistance in the circuit may be altered by turning a knob, pointer, or shaft. 
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Fig. 24-1. A slider type adjustable resistor. 

Fairly typical construction of potentiometers is illustrated by Fig. 24-3. Each unit has a cylindrical outer 
case or housing within which is cried a resistance element extending around the greater part of a circle. 
In the left-hand picture the resistance element consists of an insulating support on which are wound many 
turns of wire. This wire is of some kind having high resistance per inch or foot of its length. 

The ends of the resistance wire are connected to the outside two of the three insulated terminals which 
extend out from the housing. The center terminal is electrically connected to a rotor member which may be 
turned by ashaft or a shaft and knob attached to the rotor. On the rotor is a tongue or extension that presses 
against the wire at one point along the resistance element.Turningthe rotor shaft moves this tongue around 
the resistance element and thus makes contact from the center terminal to any point along the resistance. 

In other potentiometers the resistance element is of carbon or a carbon-graphite composition supported 
on or embedded in insulation. The right-hand picture in Fig. 24-3 shows one style of carbon or composi-
tion potentiometer. 

Potentiometers usually are represented in circuit diagrams by symbols like the one at the right in Fig. 
24-1. In a few cases the symbol may be drawn as at the right in Fig. 24-3. It might be mentioned here that 
service technicians don't always use the long name potentiometer, they call these units "pots". You will 
speak of a carbon pot or of a wire-wound pot. 

WIRE-WOUND POTENTIOMETERS. Wire-wound potentiometers, compared with carbon types, are cap-
able of handling relatively large currents without overheating the resistance elements. Power ratings of 
commonly used wire-wound controls for receivers range from 2 to 5 watts. Total resistance between the 
two outside terminals ranges from 2 ohms to as high as 100,000 ohms in some styles,although resistances 
greater than 20,000 ohms are not in general use. Outside diameters of the housings run from slightly over 
an inch up to about inches. 

Fig. 24-4 is a picture of a disassembled 4-watt wire-wound control whose outside diameter is about 1V2 
inches. At the upper left is a complete potentiometer with its three protruding terminals. At the lower left 
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Fig. 24-2. Slider type adjustable resistor used as a voltage divider. 

is the wire-wound resistance element In some potentiometers of this general style it is not too difficult to 
replace a burned out or otherwise damaged resistance element, but as a general rule a complete new unit 
will cost less than the labor and time for disassembly, reassembly, and obtaining of parts. 

In the center of Fig. 91-I is the rotor rremberwith its attached shaft. Note that the part of the rotor that 
makes contact on the resistance element is insulated from the shaft. The insulation appears black in the 
picture.There is a sliding spring contact making electrical connection from the contact member of the rotor 
to the center terminal. At the right is the housing. A strip of insulating material around the inside of the 
housing prevents electrical contact between housing and resistance element. The tips of the spring con-
tact for the rotor are visible in the bottom of the housing. 

For heavy-duty testing apparatus in shop and laboratory there are available wire-wound potentiometers 
having power ratings of 25, 50, 100, 150, and even 200 watts, with resistances from less than one ohm to 
10,000 ohms or more. Diameters of the higher power units may be close to 4 inches. 

Fig. 24-3. Internal and external construction of some potentiometers. 
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Fig. 24-I. Wire-wound potentiometer complete at upper left and disassembled below. 

®CARBON POTENTIOMETERS. Potentiometers employed for furnishing adjustable voltages, and required 
to carry no current or only small currents, often have resistance elements of carbon or carbon and graphite 
compositions. l'he construction of one such control is pictures by Fig. 24-5. At the left is the insulating 
base to which are attached the three terminals. The carbon resistance element, forming a neariy closed 
circle, is embedded in insulation. The two outside terminals connect to the two ends of this resistance el-
ement. The center lug connects to the circular metallic ring near the center. 

At the right is the rotor. The small graphite contact brush is carried by a metallic member on which is a 
horseshow-shaped contact spring that bears on the metal ring in the base when the potentiometer is assem-
bled. Thus there is electrical connection from the contact brush to the center terminal. As the rotor is 
turned, the brush rides around on the surface of the carbon resistance element. 

In other carbon type potentiometers the resistance element is a flat strip formed into part of a circle 
around the inside of the housing. Such a style is pictured by Fig. 24-6. In this particular design the con-
tact on the resistance element is made by a flexible ring of thin springy metal which is electrically con-
nected to the center terminal. This flexible ring, which does not rotate, is pressed outwardly against the 
resistance strip by a small brush mounted on and turned by the rotor. This brush may be seen at the top 
center of the picture. Construction of this kind avoids having any sliding contact on the resistance ele-
ment. 
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Fig. 24-5. Carbon potentiometer with flat disc resistance element. 

riall carbon potentiometers often are called "volume controls" whether they actually are used as con-
trols for sound volume or for some other purpose. The earliest uses of these units were for volume con-
trols in sound receivers, and the name sticks. lesistances range from as low as 50 ohms up to 10 meg-
ohms. The smallest units have diameters slightly less than an inch, while larger ones have diameters of 
•around 1'4 inches. Power ratings usually are 1?•, watt or 1 watt, but some carbon controls are rated for as 
high as 2 or 3 watts of power dissipation. 

F,R;Ist• 

Fig. 24-6. Carbon potentiometer with cylindrical or wall type resistance element. 
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MOUNTINGS. Potentiometers of all types in common use usually are mounted as shown at the left in 
Fig. 24-7.0n the backof the housing or case is a threaded metallic extension that will pass freely through 
a hole 3/8 inch in diameter cut through the panel or some part of the chassis of a receiver. On this exten-
sion is placed a lock washer.Then the threaded extension, with the lock washer in position, is put through 
the mounting hole. On the outside of the panel or chassis metal a plain washer is slipped onto the exten-
sion and the whole assembly is fastened securely by turning down a thin hexagon-shaped nut. 

When you wish to have the exposed end of the threaded extension come flush with the outside of the 
hexagon nut, or nearly so, any extra length of the extension may be taken up with shim washers or else 
with one or more extra lock washers between the potentiometer body and the chassis metal. 

The lock washer usually will prevent the housing of the potentiometer from turning on the chassis metal, 
even when the control knob or pointer is twisted rather hard at either end of its travel. There are stops 
which limit travel of the rotor, and any further pressure on the knob is exerted on the potentiometer hous-
ing. For more positive locking in position, some potentiometers have a small metal tab sticking out from 
the back of the housing. This tab fits into a small hole drilled in the chassis metal. 

LOCK 
WASHER 

PANEL 

PLAIN WASHER 

— HEXAGON NUT 

— SPLIT RING 

THREADED 
EXTENSION 

SUPPORT 

SHAFT 

FLAT 
INSULATING SHOULDER 
WASHER WASHER 

Fig. 24-7. Methods of mounting potentiometers. 
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The shaft that turns the rotor inside the potentiometer comes out through the threaded extension, and 
most often is held against endwise movement by a split ring that snaps into a groove around the shaft. To 
disassemble the potentiometer this split ring must be lifted out of the groove and slipped off the end of 
the shaft. 

Replacement type potentiometers usually come with shafts about 3 inches long, which you may çut off 
to any length required for the job. If still greater length is required it may be provided by an additional 
rod or shaft fastened to the original shaft with a coupler having set screws, clamp bushings, or other fast-
ening device. The shafts of practically all control potentiometers are inch in diameter. 

For service controls the shaft may have a screw driver slot across its exposed end. A plain round shaft 
is used when a knob or pointer will be held in place with a set screw that digs into the side of the shaft. 
Other types of knobs or pointers simply push onto the end of the shaft and are held there by a tension 
spring carried inside the knob. Push-on knobs or pointers require that the exposed end of the shaft be flat-
tened on one or more sides, or that it be fluted or grooved, or made with a narrow extending tongue, or 
otherwise suitably formed to take the knob. 

Some replacement potentiometers are designed for use with separable shafts. The rotor shaft of the po-
tentiometer comes out only to the exposed end of the threaded extension that mounts the unit. Any of va-
rious types of operating shafts may be attached to the rotor shaft with a fastening consisting of threaded, 
tongued, grooved, or other shaped ends held together by some suitable clamping or locking device. 

A potentiometer shaft and the threaded extension through which it passes usually are insulated from the 
current-carrying parts of the rotor. Otherwise, when the metal extension is mounted in a metal panel or 
chassis, the live parts of the rotor will be electrically connected to the support or will be grounded to the 
support. Potentiometers used in high-voltage circuits of some television receivers may have the additional 
protection of a shaft housing, and sometimes a coupled-on shaft, made of some hard insulating material. 

If the shaft of a potentiometer is not insulated from the rotor, and if the rotor must not have electrical 
connection with the supporting metal, insulating washers are placed around the mounting extension on both 
sides of the supporting metal, as shown enlarged at the right in Fig. 24-7. A flat insulating washer is 
placed between the body of the potentiometer and the supporting metal. On the other side of the support is 
placed a shoulder type insulating washer on which is a protruding ring that fits into the panel hold around 
the threaded extension of the potentiometer. The hole in the support has to be somewhat larger than the 
extension to accomodate the shoulder of the washer.The shoulder makes it impossible for supportingmetal 
to come in contact with metal of the potentiometer. Outside the shoulder washer is a plain metal washer 
against which the hexagon nut is screwed. The positions of the plain and shouldered insulating washers 
may be reversed. 

Insulating washers do not grip the supporting metal with enough friction to prevent the potentiometer 
housing from turning when a knob or pointer is given a hard twist against the stop that limits rotor travel. 
Consequently, it is necessary to provide other means, such as an extending tab, to hold the potentiometer 
in place. 

TAPPED POTENTIOMETERS. In some centering controls for television receivers and in certain other 
control circuits it is necessary that a potential or a current be varied in either polarity from zero or refer-
ence value. This is most easily handled by a tapped potentiometer, which is a type having an additional 
fixed connection at some point between the ends of the resistance element. 

The tap connection is brought out to an additional terminal which,as in Fig. 24-8, usually is on the side 
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Fig. 24-8. Appearance of a tapped potentiometer and its symbol. 

of the housing opposite the three terminals for the ends of the resistance element and the rotor. At the 
right is shown the symbol most often used to indicate a tapped potentiometer. In a few cases there may be 
two or even three taps connected to various points between the ends of the resistance element. There will 
be an extended insulated terminal for each tap. The single or. multiple taps may be connected almost any-
where along the resistance, depending on circuit requirements. Any tap may be at a point as little as one-
fourth of one per cent of the total resistance,from either end, or it may be anywhere else all the way to the 
center, measuring from either of the ends. 

DUAL AND DOUBLE POTENTIOMETERS. A dual or twin potentiometer consists of two electrically sep-
arate units mounted end to end and operated together by a single shaft that extends all the way through one 
housing and into the other one. Controls of this kind are illustrated by Fig. 24-9. These combination units 
may be used where it is desired to simultaneously control an antenna circuit and a grid circuit or bias c ir-
cuit, also in other applications. Resistances of the two sections of the dual unit may be alike or different. 
One or both may be of the tapped type. 

A double potentiometer consists of two electrically separate potentiomeLers mounted end to end, but ar-
ranged for independent operation. Fig. 24-10 illustrates the principle. The shaft is a concentric type, with 
a central solid part passing through an outer tubular shaft. The rotor of the front potentiometer, nearer the 
panel or other support, is operated by the tubularshaft. The center shaft extends on through and operates 
the rotor of the rear potentiometer, farther from the support. 

The inner solid shaft extends beyond the outer tubularshaft at their exposed ends.The knob for the front 
potentiometer fastens onto the tubular shaft.A smaller knob or pointer fastens onto the extended end of the 
central solid shaft and operates the rear potentiometer.Either knob or pointer maybe turned without affect-
ing the other one. 

Concentric shaft potentiometers are used in a great many television receivers in order to lessen the ap-
parent number of controls and to make for easier assembly.The two knobs or pointers take up no more front 
space than one and appear much like a single control. One of these double potentiometers might be used 
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Fig. 24-9. Dual or twin potentiometers. 

for the vertical and horizontal hold controls, another for vertical and horizontal centering controls, a third 
for the contrast and brightness controls, and so on. 

RESISTANCE TAPERS OR CURVES. There are many controlpotentiometers in which the resistance does 
not change uniformly between one end and the other of the element. As the rotor is turned at a uniform rate 
from one end to the other of its travel there may at first be a slow change of resistance, followed by a 
rapid change at the far end of the travel, or there may be first a rapid change followed by a slower change. 

When change of resistance is not uniform with rotation of the rotor contact the potentiometer is said to 
be tapered. To get acquainted with various tapers and their effects we shall begin by examining the per-
formance of a potentiometer with no taper at all, with uniform change of resistance as the rotor is turned 
all the way around its travel. 

Assume that we make circuit connections to the left-hand terminal and to the rotor terminal of a taper-
less potentiometer, as along the top of Fig. 24-1b At 4 the rotor shaft is turned all the way to the left, or 
counter-clockwise. There is zero resistance inserted in the circuit, because the rotor is in direct contact 

with the left-hand terminal. 

_1 
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Fig. 24-10. Construction principle of a double potentiometer with independent control knobs. 
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If the rotor is turned clockwise to its center position, at B there is half the total potentiometer resist-
ance in the circuit. With the rotor turned fully clockwise, as at C, there is maximum resistance in the cir-
cuit because the entire resistance element now is between the rotor contact and the left-hand terminal. 
These changes of resistance may be shown by the curve at the upper right. 

Assume next that the circuit is connected to the right-hand terminal and to the rotor terminal, as down 
below. With the rotor fully counter-clockwise, at D, the entire potentiometer resistance is in the circuit, 
because the whole resistance is between the rotor contact and the right-hand terminal. Turning the rotor 
half-way, as at E, leaves half the total resistance in circuit. With the rotor turned fully clockwise, at F, 
all the resistance is out of circuit, or there is zero resistance. These changes of resistance with rotation 
are shown by the curve at the lower right. 

The curve which shows change of potentiometer resistance with movement of the rotor has been inverted 
by changing one of the circuit connections from the left-hand terminal to the right-hand terminal, with the 
other circuit connection remaining on the center terminal or rotor terminal. Any resistance curve may be 
similarly inverted by a change of circuit connections. 

In Fig. 21-12 are some curves showing resistance tapers. These are not curves for any particular make 
or model of potentiometer, but they are typical of those available in nearly all makes. No two manufac-
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turers show exactly the same curves for their various potentiometers. In addition to the curves shown by 
the graph, all kinds of potentiometers are available with the uniform change of resistance shown by Fig. 
24-11. A uniform change sometimes is called a linear taper or a straight taper. 

The curves on our graph show how resistance varies as the rotor is turned from either the left-hand or 
right-hand terminal all the way to the other end of its travel. Whether the start of a curve is at zero re-
sistance or at loo per cent resistance depends on how connections are made to the potentiometer termin-
als, as was shown by Fig. 24-11. Any resistance curve may be inverted by changing a connection from one 
outside terminal to the other. Drawing some of the curves one way and the remainder inverted avoids con-
fusion which might result from crossings of the lines with all drawn the same way. 

Tapers such as marked K, L, and M on the graph are used for adjustment or control of amplifier grid 
biases and for reducing the signal from an antenna by connecting the resistor in parallel with an antenna 
coil or coupler. Taper N is used as a bias control, 0 may be used for tone control, and P as an antenna 
signal control. Tapers 0 and P are used also for volume controls in audio amplifier circuits. 

Cü POWER RATINGS AND CURRENTS. Adjustable resistors may become defective and require replacement 
for various reasons. After a long period of service the surface of a carbon resistance element may become 
worn or roughened, or a wire winding may be worn through. Then, if the unit is in a television video or 
sweep circuit, the pictures will become jumpy or will flicker or will come and go as the control is oper-
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Fig. 24-12. Typical resistance curves or tapers for control potentiometers. 
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Fig. 24,13. Changes of current and power dissipation as a potentiometer rotor is turned. 

ated. If the control is in a sound amplifier circuit there will be much noise as the unit is operated. Good 
quality resistors in well designed circuits should not develop trouble of this kind during the normal life of 
a receiver. 

Most replacements are required because the resistors are overloaded with excessive current. Trouble 
then may develop because of arcing or sparking wherever the rotor makes contact on the resistance ele-
ment, and the element will be burned at some places. Excessive current may so heat the resistance ele-
ment as to burn it out or warp the supporting insulation and prevent good contact by the rotor. 

Adjustable resistors sometimes are rated for both resistance and maximum current they will carry with-
out becoming damaged. Most resistors are rated for resistance and power in watts they will dissipate as 
heat without being damaged. Wattage ratings are based on having a uniform current in the entire resistance 
element, all the way from one outside terminal to the other, or are based on having the entire resistance in 
the circuit. This also is the maximum current that may flow in any part of the resistance, since excessive 
current in any small portion of the total resistance will burn out that small part just as surely as would the 
same current in the entire length of the resistance element. 

As an example of how wattage ratings affect the use of a resistor consider a unit rated at 1 watt. If the 
rotor is turned to a position where only half the total resistance is carrying current, then only 1/2 watt of 
power may be safely dissipated in that portion of the resistance. If only one-fourth the total resistance is 
in the circuit only 1/2 watt of the power could be dissipated without danger of burnout. But the limit of cur-
rent, measured in milliamperes, would be the same no matter how much or how little of the resistance ele-
ment is carrying the current. 

In Fig. 24-13 is represented a potentiometer whose total resistance is 2,500 ohms. To the center and 
right-hand terminals is connected potential difference of 100 volts. In diagram A the rotor is in such po-
sition that the entire 2,500 ohms of resistance is in circuit. Using your regular formula for current shows 
that the potentiometer must be carrying 40 milliamperes. We may compute the power dissipation with a for-
mula used in an earlier lesson, like this. 

Power, watts —volts x milliamperes 100 x 40 4000 _ 4 watts 
1000 1000 1000 
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Provided the entire resistance always were to remain in the circuit, and the potential difference never 
would exceed 100 volts, we could use a potentiometer rated at 4 watts. In diagram 8 the rotor is turned to 
leave 2,000 ohms in circuit,still with 100 volts potential difference.Current now becomes 50 milliamperes, 
and power dissipation 5 watts.Vath the rotor turned still farther, in diagrams C and D, the resistances drop 
still lower while currents and power dissipations rise. At D we should need a 20-watt potentiometer.. Move-
ment of the rotor beyond this position would allow current and power dissipation to go so high as to almost 
certainly burn out the resistance element at its right-hand end — assuming that the voltage source could 
maintain the potential difference. 

G., becomes evident that potentiometer current must be limited to a value which will not exceed the cur-
rent corresponding to the wattage rating of the unit. Usually there will be enough resistance in series with 
the potentiometer, somewhere in the external circuit, to satisfy this requirement. Potentiometers have to be 
selected on the basis of the worst that possibly can happen in the way of high current, not on the basis of 
normal working conditions. 

Since it is excessive current that burns out potentiometers, and other resistors for that matter, it is de-
sirable that we be able to determine maximum safe currents for units of any of the common wattage ratings. 
If we know the rating in watts and the maximum applied potential difference in volts it is possible to com-
puts the maximum current by a slight change in the preceding formula for power in watts. The altered for-
mula looks like this. 

Current, milliamperes _1000 x watts  
volts 

fele don't have to know the resistance, only the power rating and the applied voltage. For example, sup-
posing you have a 4-watt resistor on which the potential difference will be 100 volts, what is the maximum 
current in milliamperes? Putting the known values into the new formula gives, 

1000 x 4 4000 
Current, nia = — 100 = 100 — 40 milliamperes 

If we know the power rating in watts and the resistance in ohms there is another formula that will tell 
the maximum current in milliamperes. Ilere it is. 

watts 
Current, milliamperes = 1000 x — 

ohms 

This formula is not easy lo use, because most of us don't extract square roots with any great speed. To 
make determination of maximum currents really easy the chart of Fig. 24-14 has been prepared. 

Along the bottom horizontal scale are shown resistances from 50 ohms to 500,000 ohms, a range includ-
ing most of the values commonly found in television and radio receivers. The left-hand vertical scale lists 
currents between 1 and 300 milliamperes, again including most of the usual values. The diagonal lines are 
for power ratings in watts. There is one diagonal line for each of the wattage ratings generally available, 
from watt up to 20 watts. 

To determine maximum current with the help of the chart first find the resistance on the bottom scale. 
From this resistance follow straight upward to the diagonal line for the power rating of the unit in ques-
tion. From the intersection of the lines for resistance and power follow straight over to the left-hand scale 
and there read the maximum current in milliamperes. 
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Fig. 24-15. Controls with external resistances in series. 

¡'ere is an example. You have a 2000-ohm 5-watt resistor, what is the maximum current it should carry? 
Follow upward from the 2000-ohm (2K) point on the bottom scale to the diagonal line which applies for 5 
watts. Then, tracing to the left, you come to 50 milliamperes as the maximum current. 

The scales of the chart are graduated logarithmically. Equal differences in ohms get closer and closer 
together as you go from left to right, and equal differences in currents get closer together as you go from 
bottom to top. The advantage of logarithmic scales over linear scales is that a great range of values may 
be covered with equal percentage of accuracy in reading anywhere on the chart. Spacing is the same be-
tween 100 and 200 ohms as between 1,000 and 2,000, and between 10,000 and 20,000, and between 100,-
000 and 200,000 ohms. In each of these cases the second value is exactly double the first one, or is 200 
per cent of the first one. Then if you should make an error of something like an eighth of an inch in trac-
ing from one point to another, this eighth of an inch will be the same percentage difference between true 
and assumed values anywhere on the chart. 

This chart comes in very handy for selecting resistors of correct power rating when you know the ohms 
and milliamperes, as usually you do. As an example, assume that you are going to use 7,000 (7K) ohms re-
sistance to carry a current of 15 milliamperes, how many watts must be allowed for? Find the intersection 
of the vertical line for 7,000 ohms, which is the second one to the right of the 5K line, and the horizontal 
line for 15 milliamperes, which is between the lines for 10 and 20 milliamperes. 

This intersection is about half way between the diagonal lines for 1 watt and 2 watts. Therefore, a 1-
watt resistor would be too small, and doubtless would overheat. A 2-watt unit wi;I be large enough. Any 
greater wattage rating might be used. 

The chart which we are using here for selection of necessary wattage ratings and for determination of 
maximum currents for adjustable resistors is just as useful when you are working with fixed resistors of 
any kind. Selection of suitable resistors is a problem continually recurring in service operations of all 
kinds. 

POTENTIOMETER CONNECTIONS. Now we shall look at a few of the numerous ways in which poten-
tiometers are connected into control circuits. Some of the ways are common and others not so common. Cir-
cuits will be shown in their simplest possible forms, consisting only of loads (which might be anything), 
of sources of current and voltage, and of the control units. As you trace current paths in service diagrams 
these connections will appear mixed in with others which might cause confusion were you not familiar with 
the basic operating principles. 
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RS 

Fig. 24-16. Control circuits in which potentiometers are paralleled with loads. 

In all three diagrams of Fig. 24-15 there is a fixed resistor, Rs, in series with the control unit. At the 
left the series resistor is between the control unit and the load, while at the center this resistor is between 
the control unit and the source. A series resistance may be of such value that current in the potentiometer 
will be limited to a safe value even when nearly all the potentiometer resistance is out of circuit. 

The series resistor has further usefulness in making for less critical adjustment of the control unit.Sup-
posing, for instance, we need circuit resista nce of 30,000 ohms but that variation of resistance never need 
be more than about 3,000 ohms one way or the other. A 35,000-ohm adjustable unit would allow all neces-
sary control, but rotor movement for the entire range of adjustment would occur in about one-sixth of the 
total travel. This would require careful setting with such a limited distance for rotor movement. By using 
a 10,000-ohm adjustable unit in series with 25,000 ohms fixed resistance it becomes possible to move the 
adjustable rotor through more than half its total travel to obtain the 3,000-ohm change in either direction. 
It will be much easier to make an accurate setting. 

In the right-hand diagram of Fig. 24-15 the end of the potentiometer which is free in the diagram at the 
left is connected to the rotor. Then all resistance between this end and the rotor is short circuited, leav-
ing the remainder active in the circuit. Should the rotor fail to make good contact with the resistance ele-
ment there would not be total interruption of current, for then current from the source would go to the load 
through the entire resistance element. Current would be reduced, but not stopped. 

SOURCE 
LOAD A LOAD B 

> CB 

Fig. 24-17. Left: Coarse and fine control. flight: A common control and independent controls for two loads. 
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SOURCE 
Fig. 24-18. Left: Control using a tapped potentiometer. flight: An L-pad constant inpedance control circuit. 

At the left in Fig. 24-16 the load is in parallel with or is shunted across the portion of the control re-
sistance between the rotor and the lower end. Moving the rotor to the upper end of the control resistance 
applies maximum voltage to the load and sends maximum current through the load. With the rotor all the 
ay to the lower end of the control resistance the load is short circuited, but the entire resistance remains 

across the source. 

In the center diagram of Fig. 24-16 the load is in parallel with the entire control resistance. With the 
rotor at the upper end of the resistance the source is connected through fixed resistor Rs and the control 
rotor to the top of the load, and is directly connected to the bottom of the load. Current through the load 
will depend on the relative resistances of the potentiometer element and the load itself,but will be of max-
imum possible value. With the rotor at the lower end of the control resistan ce there will be no current in 
the load because only the resistance at Rs will be across the source.Load current is varied by rotor move-
ment. 

At the right in Fig. 24-16 there are two loads. With the control rotor at the upper end of the resistance, 
load A is connected directly across the source while in series with load B and the source is the entire 
control resistance.Conditions are reversed between the two loads when the rotor is at the lower end of the 
resistance. At intermediate positions of the rotor the current in one load will be increased as that in the 
other load is decreased. 

,„9. In some control circuits it is necessary to provide a wide range of resistance while allowing very fine or 
close adjustment anywhere in this range. Any close adjustment requires that a rotor contact move quite a 
distance while making a rather small change of circuit resistance. Otherwise there is too much change of 
resistance with the least movement you can give the rotor. Tl e problem may be solved by using two poten-
tiometers as at the left in Fig. 24-17. The coarse adjustment is set for the approximate resistance then 
the fine adjustment may be changed one way or the other to obtain a precise setting. 

At the right in Fig. 24-17 is a method for simultaneously varying the voltage and current to two loads 
while providing individual adjustments for each load independently of the other. Movement of the rotor in 
potentiometer C affects both loads. Potentiometer A allows separate adjustment for load A, while poten-
tiometer B allows separate adjustment for load B. The lower line joining the three potentiometers might be 
replaced by ground connections, with the circuit completed through chassis metal. Similarly, one side of 
any of the control circuits being shown might be completed through ground instead of the insulated con-
ductors of the diagrams. 

A 
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One way of using a tapped potentiometer is shown at the left in Fig. 24-18. The source is connected to 
the outer ends of the resistance element. The load is connected between the tap and the slider. Positive 
and newtive polarities are marked merely for purposes of explanation, they might be reversed without al-
tering the operating principle. With the rotor between the tap and the negative end of the resistance ele-
ment, as shown in full lines, the top of the load is connected to a point more negative than that to which 
the bottom of the load is connected. Were the rotor moved toward the positive end of the resistance ele-
ment, as shown by broken lines, the top of the load would be made positive with reference to the bottom. 
Thus the direction of current in the load may be reversed, and the potential difference applied to the load 
may be varied by movement of the rotor. 

In high quality audio amplifiers it is desirable that resistances across the load and the source remain 
practically constant while gain or volume is varied. At the right in Fig. 24-18 is shown one way of main-
taining nearly constant resistance on the source by employing a dual potentiometer. With the rotors in the 
position shown the resistance across the source consists of the lower part of element A and the upper part 
of element B. If the rotors are up, increasing the input to the load, the resistance across the source in-
cludes more of element A but less of element 8, and the total resistance remains unchanged. Moving the 
rotors down, to reduce input for the load, still leaves the sum of the resistances across the source un-
changed. Interchanging the connections for source and load would allow constant resistance across the 
load. This particular arrangement is called an L-pad attenuator. 
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LESSON NO. 25 

SWITCHES AND INSULATION 

All the service and operating controls in television and radio receivers might be grouped in two general 
classes. In one class would be everything that alters resistance, capacitance, or inductance of the circuits. 
Here we would have potentio-meters and other variable resistors, also variable capacitors and variable in-
ductors.ln the other class would be all the controls that alter the circuits themselves, not the values of the 
parts in a circuit, but the actual connections. Here we would have various kinds of switches. 

Undoubtedly the type of switch most often used is the rotary selector, of which a fairly typical example 
is pictured by Fig. 25-1. Units of this general style are used in many ways. In combination receivers they 
may provide switching between various services, such as television, f-m broadcast, standard broadcast, 
short wave, and phonograph operation. Rotary switches are used for channel selection in many television 
receivers, or for changing between low-band and high-band channels. 

Service instruments of nearly every kind employ rotary selector switches to provide operation in different 
bands of frequencies, and to allow measurements in different ranges of voltage, current, resistance, capaci-
tance, or inductance. A rotary switch will open and close almost any number of circuits simultaneously or 
in any order, will alter the connections between parts, connect and disconnect various parts, shift parts 
from one circuit to another, and do just about anything desired as you turn the knob or pointer. 

The switch of Fig. 25-1 has three sections. The sections sometimes are called gangs, or they may be 
called decks. Each section is a complete switching mechanism in itself. All are operated together by the 
single shaft. Depending on what is to be accomplished, there may be anywhere from one to as many as 
twenty sections. 

One section, in a simple switch, may consist of the parts shown by Fig. 25-2. At the left is the contact 
ring or wafer made of insulating material. Mounted.on the ring are six metallic contacts, to the outer ends 
of which may be soldered the circuit wires. All the contacts extend inwardly beyond the insulation, but the 
contact at the lower right extends in farther than the others. The drawing at the center shows the rotor, 
which is a disc of insulation carrying a metallic ring that has an extended tongue.The shaft passes through 
a slot in the rotor insulation so that this part of the switch may be turned within the stationary contact ring. 

1.Vith the contact ring and rotor assembled they have the relations shown at the right. The longest contact 
is on the common terminal to maintain electrical connection with the rotor ring no matter where the rotor is 
turned. The tongue of the rotor is shown engaging contact number 1, thus making electrical connection from 
the common terminal through to this number 1 contact and terminal. 

If the rotor is moved one-sixth turn clockwise its tongue will engage the contact for terminal 2.For every 
following one-sixth turn the rotor will engage successive contacts around to number 5. Somewhere in the 
switch mechanism will he a stop that prevents turning the rotor tongue around to the position of the common 
terminal. 
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Fig. 25-1. A rotary selector switch in which the insulation is steatite. 

The switch section illustrated by Fig. 25-2 has five working positions, or we might say is has five throws. 
This is one section of what is called a5-position switch or a 5-throw switch. There might be anywhere from 
two to more than 20 positions.All other sections of the same switch would have to have the same number of 
positions. The rotors of all sections would turn together, and in the same direction, because they are oper-
ated by the same shaft at the same time. 

We have talked about the rotor being turned clockwise from terminal 1 around to terminal 5. Were we look-
ing at the opposite side of the section the rotor would turn counter-clockwise from number 1 to number 5. 
You might make a small sketch on a piece of paper, draw an arrow showing rotation, then turn the paper over 
and hold it up to a light to see how direction of rotation depends on how you look at a switch. 

The switch of Fig. 25-2, or any other type of 5-position switch, may be shown on diagrams by any of the 
symbols in Fig. 25-3. The symbol at A shows the rotor ring, with contact terminals indicated by arrowheads. 
At B the rotor is indicated by an arrow. At C the rotor is shown by an arrow which, quite apparently, may 
move along the contacts. At D the rotor is shown by a straight bar with the tongue an extension at one place 
on the bar, It would be possible to use any other symbols which make it clear that a single common terminal 
may be connected to any of several other terminals by operation of the switch. 

The switch sections of Figs. 25-2 and 25-3 will serve to connect a single conductor to any of several 
other conductors. The single conductor is connected through to the rotor ring, and all the others go to num-
bered contacts and terminals.No matter how many of the numbered contacts we place around the ring it still 
will be possible to switch only the single conductor that goes to the rotor. A design that switches only one 
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Fig. 25-2. Relations of parts in one section of a selector switch. 
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conductor is called a single-Pole or single-circuit section or switch. It would be possible to switch addi-
tional conductors by adding more single-pole sections, using one section for each conductor to be switched. 

By using a different rotor construction we may switch two, three, or more conductors with only one sec-
tion. Fig. 25-4 shows a design for switching three conductors connected to three common terminals marked 
A, B, and C. On the rotor are three metal segments, each one insulated from the others. The long contact 
for each common terminal rests on one of the segments, and the extended tongue of each segment reaches 
one of the shorter contacts. 

In the left-hand diagram we have electrical connection from A to Al, from B to Bi, and from C to Cl. At 
the right the rotor has been turned 30 degrees clockwise. Now the connections are from A to A2, from B to 
B2. and from C to C2. Another 30-degree turn would make connections from the common terminals to A3, B3 
and C3. On the switch would be a stop to prevent the rotor tongues from reaching the common terminals. 

3 4 COMMON 5 4 3 2 
1 0 

50 
4 

($ 

COMMON  

2 5 

COMMON 

3 0 

2 ° 

5 4 3 2 1 COMMON 

Fig. 25-3. Various symbols used to indicate selector switches on circuit diagrams. 
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Fig. 25-4. Rotor construction for a 3-pole or 3-circuit switch section. 

Here we have a 3-pole switch or a 3-pole section. A complete switch may be built up with sections having 
the same or different numbers of poles. 

Rotary switches are available with either shorting contacts or else with non-shorting contacts.Nou-short-
ing construction is illustrated at the left in Fig. 25-5. The tongue of the rotor is resting on contact 2, and, 
in broken lines, is shown passing from contact 2 to contact 3. The rotor tongue is narrow enough to break 
its connection with contact 2 before making connection with contact 3. Contacts 2 and 3 never are elec-
trically connected together through the rotor. This would be true all around the switch, every connection 
would be broken before the next one is completed. 

In the right-hand diagram the rotor tongue is wider. It is shown resting on contact 2, and in broken lines 
is shown passing between contacts 3 and 4. The tongue retains its connection with contact 3 until it has 
made connection with contact 4. As this rotor is turned it always will close a new circuit before opening 
the last one. This design is a shorting construction. Most selector switches in television and radio re-
ceivers are of the shorting type, so there never will be complete stoppage of pictures or sound as the switch 
is operated. Non-shorting switches are common in testing instruments, where sometimes there might be dam-
age were one circuit to be shorted on another during measurements. 

Fig. 25-5. Construction for a non-shorting switch ( left) and a shorting type (right). 
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Fig. 25-6. Rotor design for selecting one contact or terminal while grounding all others. 

There are other types of selector switch sections that will complete a circuit to any one terminal while 
keeping all other terminals shorted together and connected to ground or any other point desired.This is done 
as shown by Fig. 25-6. There is one metal segment or ring on the front insulation and another on the back. 
The front and back segments are insulated from each other. 

The front segment has an extended tongue for making the line connection to any one of the terminals. 
The tongue is shown on contact 2. The back segment has an open slot in the same position as the tongue 
on the front segment, consequently makes no connection to the contact which is at the same time connected 
to the front segment. The remainder of the back segment makes connection to all the other contacts and 
terminals. Terminals having like numbers are wired together and to their respective circuits. Fig. 25-7 is a 
picture of a switch having a single section of this general type. 

In some television tuners, and in other parts too, it is required that certain connections of a group be 
shorted together one after another, and grounded or connected to some one line. This may be accomplished 
with a switch section such as shown in Fig. 25-8. The rotor here is in position to short together all ter-
minals from 1 through 5, while leaving terminals 6 through 9 separated or alive. A switch of this style may 
be shown by an extended diagram as at the right. 

Fig. 25-7. A switch having rotor segments and contacts on both sides of the insulating ring. 
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Fig. 25-8. Rotor design for a switch section that shorts its terminals one after another. 

Selector switches of styles so far described are of what may be called stock types. They are available 
in completed form from supply houses, or may be assembled from stock parts. Stock switches or standard 
switches may be adapted to handle most control circuits, often by using only part of the contacts on one or 
more sections, by connecting contacts together in various groups, and by using enough sections to meet the 
requirements. 

You will find, however, that controls in most commercial receivers are handled by specially designed se-
lector switches. This allows simplified construction, and the number of sections may be reduced by making 
rotor segments of such shapes and with such extensions and gaps as will allow one rotor and one section to 
make many circuit changes. 

At the left in Fig. 25-9 is pictured a special rotor having three segments. The rotor is shown in its fully 
clockwise position, and may be turned from here counter-clockwise through five additional positions. We 
shall consider the terminals to be numbered counter-clockwise, starting with number 1 at the upper left. 
There are no terminals or contacts in positions 3 and 12, and there is no extended contact on terminal 7, 
which is used merely as a convenient junction point for wiring. 

Circuit connections for special control switches often are shown as at the right, which is a connection 
diagram listing all the terminals and all positions. With the switch in its first position, as pictured, termin-
als 4 and 5 are connected together, also 6 and 8, and 10 and 11. These interconnections are shown on the 
fop line of the diagram. Connections for the remaining positions are shown on the other lines. 

SWITCH CONSTRUCTION. Rotary switches usually are designed for mounting in the same manner as po-
tentiometers, through a single panel or chassis opening 3/8 inch in diameter.The method is described in the 
lesson on potentiometers.Shafts ordinarily are 1/4 inch in diameter, are shaped to take various knobs, and, 
in replacement units, come long enough for cutting down to the required length. The operating shaft and 
framework of the switch are insulated from rotor segments and contact rings, as was explained in connec-en with Fig. 25-2. 

Although the switch shaft and rotors are easily turned from one position to another by a knob or pointer, 

A 
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Fig. 25-9. A special type rotary switch and its connection diagram. 
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the rotors must be held firmly at each of the positions where segments made correct engagement with ter-
minal contacts, This is accomplished by devices called detents. A detent ordinarily consists of one or more 
hardened steel balls held under spring tension so they snap into depressions or shallow holes. With the 
construction of Fig. 25-7 the detent balls are carried around through stationary depressions formed on the 
back plate. One of the balls is plainly visible where it fits into the flexible flat spring that rotates with the 
shaft. In the switch of Fig. 25-1 the detent ball and spring are stationary, and on the shaft is a disc with 
edge corrugations in which the ball rests at each switch position. 

Fig. 25-10 shows the parts of a disassembled selector switch. The threaded extension for mounting is 
permanently fastened to the index plate or back plate. The sections are supported on this plate by the long 
tie bolts, and are held separated by the spacer tubes. 

The rotor of some switches may be turned around and around. In others there are one or two stops pre-
venting the rotor from traveling too far in either direction. A stop may consist of a steel pin extending from 
the shaft so that it strikes against some raised part of the back plate, or it may be an extension on the de-
tent disc, or a screw inserted through the back plate. In Fig. 25-10 is shown an adjustable stop whose ex-
tended lip may be put through any of the holes in the index plate, so that this lip will be struck by an ex-
tension on the detent disc. 

The mounting nut and lock washer usually will hold a switch securely enough in the panel or chassis to 
prevent turning the whole thing when pressure is applied to the knob or pointer. Additional locking may be 
provided by a steel pin which extends from the mounting bushing, or there may be an extended lug on the 
back plate. The pin or lug passes into a small hole in the supporting panel or chassis. 

LINE SWITCHES. The switch for turning a receiver on and off most often is mounted on and operated 
with the volume control potentiometer. A combined control and switch unit is illustrated at the left in Fig. 
25-11. The three terminals of the potentiometer may be seen at the upper right. The two terminals of the 
line switch are mounted in the insulating back of the unit. 
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With the volume control knob fully counter-clockwise, from the front of the panel,the line switch is open 
and volume is minimum or zero. During the first 30 or 40 degrees of clockwise rotation the line switch is 
closed, and will be again opened when the knob is turned back to its original position. Further clockwise 
rotation after closing of the switch will increase sound volume. 

The line switch is actuated by an extension or finger on the rotor of the potentiometer: of Fig. 25-11 the 
switch finger on the rotor may be seen pointing toward the left. Most replacement potentiometers suitable 
for volume controls are designed so that a line switch may be attached to the back of any unit having suit-
able resistance range. The resistance taper .of this unit mist have practically no increase during that part 
of the rotation in which the switch is closed and opened. In some controls the resistance element stops 
short of the point at which switch operation takes place. 

(›WITCH CARE. The surfaces of switch contacts, also the insulation of rotors and contact rings, may be 
cleaned with carbon tetrachloride. This liquid should be applied on flat surfaces with a soft cloth. A small 
stiff brush may be used for corners, between contacts, and for any spots not easily accessible. This clean-
ing of contacts surfaces seldom should be needed, inasmuch as most designs provide self-cleaning action 
as rotor segments rub between the contacts. Rosin which has spread from soldered joints onto metal parts 
or the insulation may be dissolved and removed by a cloth moistened with denatured alcohol. 

To lessen wear and allow smoother action of rubbing contacts they may be lightly lubricated with switch 
contact oil prepared especially for this purpose. Apply the oil by means of a small swab or any small piece 
of cloth lightly moistened with the lubricant. Detents and other rubbing or bearing parts of switches may be 
lubricated with vaseline, or preferably with grease made for the purpose. Either a special grease or else 
ball bearing grease for bicycles and automobiles will stay in place better than vaseline. 
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Fig. 25-11. A combination volume control and line switch. 

When detent balls become lost and you have no regular replacements, it usually is possible to use bear-
ing balls, which come in several suitable sizes at bicycle repair shops. Cover the new ball with heavy 
grease, hold the detent spring back with a screw driver blade, and slip the ball into place while grasping it 
with thin nose pliers or ordinary tweezers. 

If switch contacts fail to press tightly enough against rotor segments it often is impracticable to success-
fully restore the tension. If you decide to try, it is best to first disassemble the switch and remove the rotor 
from the contact ring. Then the tips of the contacts may be very carefully pushed toward each other from both 
sides of the ring, making certain that their final position is such that the rotor will engage them correctly. 

INSULATION. In this lesson and the one before it we have dealt largely with parts in which insulating 
housings and supports play an important part. It may be well to get a little better acquainted with the va-
rious common insulating materials and some of their properties. The kinds of insulation used in a receiver 
are, of course, determined by the designer, and there would be nothing you could do about it even were 
changes desirable—which in all probability they are not. However, when it comes to making repairs and re-
placements you have a great deal to do with selection of insulation suited to the requirements, and as a 
good service technician it behooves you to know the essential facts. 

aThe prime purpose of insulation is to confine electric currents to certain conductors and prevent poten-
tials from going where they are not wanted, while at the same time providing such support as is necessary 
for the current-carrying parts. A principal requirement of insulation is high resistance. Yet the matter of re-
sistance turns out to be of little concern, because even such flings as paper, cloth, and wood will have 
more than ample resistance in any reasonable thickness. A p iece of the poorest grade paper an inch square 
and 1/25 inch thick will have resistance between opposite surfaces of something like 500 megohms. 

There is possibility of electrical leakage on the surface of insulation. Across one square inch of per-
fectly clean steatite insulation, such as used for the contact rings of the switch in Fig. 25-1 , the resistance 
is on the order of 250 million megohms. But if that surface gets very dusty or moist or greasy, the surface 
resistance may drop so low that a few hundred volts will cause appreciable current to flow, Leakage across 
dirty or wet insulation causes much trouble. 
r' \ • 

More important than its resistance is the dielectric strength or breakdown voltage of insulation. Dielectric 
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strength is measured as the number of volts potential difference that will put a hole through insulation, 
whereupon there will be a rush of current through the opening. If you apply voltage to opposite sides of a 
thin sheet of insulation, and gradually step up the voltage, there will be no measurable flow of current 
through the insulation until it punctures. When this happens there has been produced such an electrical 
stress that electrons are literally torn from the molecules of insulating material, and the substance disin-
tegrates. The arc then generates enough heat to char the insulation around the hole, and we call it a burn-
out. The voltage at which all this happens is just in excess of the dielectric strength of the material. 

In tables which list dielectric strengths the values for different substances usually are given in volts 
per mil, which means volts per thousandth of an inch thickness. You cannot determine actual puncture volt-
age by multiplying volts per mil by thousandths of an inch thickness, because dielectric strength per unit 
thickness decreases at varying rates as the material is made thicker. 

As an example, hard fibre 0.005 inch thick has dielectric strength of about 200 volts per mil, but when 
the fibre is 0.250 inch thick its dielectric strength is down below 100 volts per mil. The thicker section will 
provide more total insulation than the thin one, but the gain will not be proportional to thicknesses. Also, 
breakdown voltage is less for alternating than direct potentials, is less at high frequencies than at low 
ones, and decreases with passage of time, with rise of temperature, and with moisture in the material. 

We should not forget that air is an insulator. Sparking voltage between two sharp points in air is about 
25,000 volts per inch of separation, and this ratio remains unchanged for greater and less spacings between 
the sharp points. Between two rounded or flat surfaces the dielectric strength of air decreases as separa-
tion (thickness of air)becomes greater,just as with solid insulators.Dielectric strength of air is about10,000 
volts for 1/10 inch between rounded surfaces, and becomes about 55,000 volts with one inch of separation. 
Now you know why we avoid sharp points and edges in all wiring connections for high-voltage television 
circuits. 

It is when we get into the very high frequencies of television and f-m radio that certain properties of in-
sulation take on added importance. It is not so much that there may be more leakage of currents and volt-
ages at these frequencies as because of the many ways in which signal energy may be lost. 

Any insulation which is in an electric or electrostatic field is working under conditions similar to those 
affecting the dielectric in a capacitor. There are electric fields in spaces between all conductors whose po-
tentials are different from one another. Of course, these electric fields are not so concentrated as in a cap-
acitor, but they exist in considerable strength around all wires and coils which are in plate, screen, and 
grid circuits. Then all insulating materials used near these conductors may cause energy losses like the 
losses which occur in capacitor dielectrics. 

In insulation subjected to alternating electric fields the electrons and the molecules of which they are a 
part are pulled first in one direction and then in the opposite direction. Electrons are not pulled out of the 
molecules, nor do the molecules move within the body of insulating material, but the continual stresses and 
strains cause heating. Energy that produces this heat is lost. The effect is called dielectric loss. A piece 
of insulation doesn't have to get very warm to be losing or consuming a lot of energy, at least in proportion 
to the total energy of signal voltages which are doing the work. 

Were any substance capable of acting as a perfect dielectric it would behave somewhat like a perfect 
spring in the field of mechanics. If there were such a thing as a perfect spring, and you compressed it by 
using some certain amount of energy, every bit of that energy could be recovered as the spring expanded. 
In any actual spring some of the energy will be wasted by internal friction of the molecules as the spring 
compresses and expands. This much of the applied energy is lost and cannot be recovered. 
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Were there such a thing as a perfect dielectric every bit of energy in the electric fields reac hing the di-
electric would return to the surrounding conductors as the fields collapsed. In a capacitor this would mean 
that all energy for charging would be returned to the circuit during discharge. No substance is a perfect di-
electric, all use up some of the energy entering them from surrounding electric fields. The fraction of the 
total energy thus lost is called the power factor of the dielectric or insulation. Power factors of high grade 
insulation range from as little as 3/100 of one per cent up to more than one percent. You may feel that a 
loss of one per cent is not serious, but if this loss is repeated at enough places in a receiver it can be very 
serious. 

Still another thing that affects energy loss in insulating material is its dielectric constant. As you will 
remember, the dielectric constant of a substance is the number of times it will increase the capacitance of 
a capacitor as compared with air as the dielectric.Dielectric constant might be considered a measure of the 
relative number of electric field lines drawn into the insulation. Consequently, the greater the dielectric 
constant the greater will be the energy loss resulting from a large power factor. 

Since loss of energy increases with greater power factors and also with greater dielectric constants we 
may multiply these two together to get an overall measure of loss in the insulating material. The product of 
.dielectric constant and power factor is called the loss factor. As an example, high quality insulating paper 
has an average dielectric constant of 2.3, and an average power factor of about 0.4. Multiplying these two 
quantities together gives the average loss factor for paper as approximately 0.92. Some insulating materials 
used in television and radio receivers have loss factors as low as 0.05, while others have loss factors of 
5.0 or more. 

INSULATING MATERIALS. Many of our insulating materials are of the class called phenolic resins. A 
few of the trade names for these substances are Bakelite, Celeron, Formica, and Micarta. The basic in-
gredients in all of them are phenol and formaldehyde, bonded or " filled" with such things as wood flour, 
cloth, paper, mica, and various fibres. The phenolic insulators are tough and elastic, with good mechanical 
strength and freedom from excessive softening or warping at any temperatures likely to be encountered. 
These materials are easily sawed, drilled, threaded, or filed to shape. The switches of Figs. 25-7 and 25-9 
have phenolic insulation in the contact rings and rotors. There are special low- loss grades of phenols hav-
ing smaller power factors and loss factors than ordinary kinds, suiting these grades for high-frequency ap-
plications. 

Another class of insulating materials includes those made from steatite. This substance is originally ob-
tained as a very dense soapstone or talc, by quarrying. Some trade names for the finished product are Iso-
lantite and Lava. Steatite insulation often is called ceramic, a name which describes most products made 
from clays and similar substances. Ceramics would include not only steatite, but also porcelain such as 
used for some radio insulation. 

Steatite insulation is white or light gray. It is mechanically rigid, withstands higher temperatures than 
most other insulators without weakening, and has relatively little tendency to absorb moisture. Steatite of 
all common grades is too hard for cutting or threading with shop tools. Power factors and loss factors are 
small enough to make this material satisfactory for use in very-high frequency apparatus. 

Phenolic resins and steatites have been used for insulation since the beginning of commercial radio. Of 
more recent introduction are the polymerized products called polystyrene and polyethylene. Some trade 
names for polystyrene are Amphenol 912A,Intelin,Lustron,Styron, and Trolitul. Polystyrene is transparent. 
It is tough to the extent of bending before breaking, but has less mechanical strength than phenold and ste-
atites. Polystyrene is used for sockets, insulating strips and tubes, bushings, coil forms, cable supports, 
and other purposes. 
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G\ Polyethylene is a flexible material used for tubing, bushings, and covering for cables and wire conduc-
tors — notably for transmission lines between television antennas and receivers. The most valuable char-
acteristics of polystyrene and polyethylene are their very small power factors and loss factors combined 
with high dielectric strengths. 

Another class of polymerized insulation includes the vinyl resins which most often are manufactured in 
such a way as to have physical characteristics like rubber; stretching and bending, but returning to their 
original form and size. The vinyls are used for flexible tubing which may be slipped over conductors and 
joints, the variety called " spaghetti" in the radio service business. These materials are used also for in-
sulation applied to wires and cables. This kind of insulation may be transparent or of any color. The loss 
factor is greater than for other materials which have been described. 

The accompanying table lists average electrical properties of the more common insulating materials. Al-
though the table provides some basis for comparison between substances, do not forget that values vary 
widely with working conditions and grade or quality, and that considerations of mechanical strength, work-
ability, and such matters often affect the choice of insulation. 

AVERAGE PROPERTIES OF INSULATING MATERIALS 

Kind of Insulation 

Phenolic resins 
11olded, black 
Low-loss, mica filled 
Low-loss, red, yellow 

Steatite 
General purpose 150 — 300 
Low-loss 150 — 450 

Ceramic, low-loss 100 — 150 
Polystyrene 600 — 2200 
Polyethylene 1000 
Vinyl resins 400 — 500 

Dielectric Dielectric Power Loss 
Strength, Constant Factor, Factor 

volts per mil per cent 

350 — 500 
450 — 650 
400 — 500 

5.0 
5.5 
5.3 

5.7 
4.4 

3.6 
0.9 
0.5 

0.35 
0.17 

18.0 
5 0 
2.7 

2.0 
0.75 

6.7 0.08 0.55 
2.6 0.031 0.08 
2.4 0.035 0.08 
4.0 1.6 6.4 

CDWIRE AND ITS INSULATION. The diameters of wires used in television and radio are not specified in 
inches or fractions, but by gage numbers. The biggest wire we ordinarily use would be of number 8 gage, 
sometimes employed in connections for grounding. This wire is about 1/8 inch in diameter, not counting 
any insulating covering. As gage numbers increase, the wire diameter becomes smaller and smaller. The 
smallest common wire, which may be used in some inductors or coils, is number U. Its diameter is 
thousandths of an inch, much less than the thickness of the paper on which this lesson is printed. All wire 
used in original assembly and in rewiring of receivers is of copper. The copper conductors are tinned for 
easy soldering. 

The most generally used "hookup" wire for running receiver circuits and for service work in general is 
of number 20 gage, either solid or stranded. Stranded wire, of any gage size, consists of several small con-
ductors whose combined cross sectional area or current-carrying capacity is the same as in a single solid 
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wire of the same gage size.A cable consists of two or more separately insulated conductors, usually stranded. 
which are enclosed within an outer insulating and protective covering. Shielded wires and cables consist of 
insulated wires or cables around which is a closely woven flexible covering of stranded or braided copper. 
There may be an additional protective or insulating covering on the outside of the shield. We shall have 
more to do with shielded conductors in later lessons. 
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Hookup wire is available with various kinds of insulation, which may be had in black, white, and a va-
riety of colors and color combinations allowing various circuits or interconnections to be easily distin-
guished from one another. Insulations include vinyl, previously mentioned, also rubber, and braided fabric 
impregnated with waxes, with cellulose acetate and other insulating substances, and sometimes lacquered 
for protection against moisture and fumes. 

There are so many gage sizes of wire and so many conductor materials which may be used, especially 
where high resistance and other special characteristics are desired, that we could fill pages with tables 
listing the properties. Fortunately, there is a way of quickly determining the resistance of any length of 
practically any kind of conductor of any gage size. All the necessary information may be put on a single 
page. 

The first thing we need is the accompanying table of wire sizes, showing cross sectional areas in num-
bers of circular mils corresponding to various gages. A circular mil is the area of a circle whose diameter 
is 1/1000 inch, it is a unit of area. Next we need the table of conductor resistivities, giving ohms per cir-
cular mil-foot for all the metals ordinarily used as conductors. A circular mil-foot is one foot of conductor 
whose cross sectional area is one circular mil. Finally, we need this simple formula. 

wire length, feet x ohms per circ. mil-ft  
Ohms 

cross sectional area, (in circular mils) 

Let's see how it works. What is the resistance of 15 feet of number 24 gage Nichrome II resistance wire? 
From the table of resistivities we find that Nichrome II has 660 ohms per circular mil-foot. From the table 
of wire sizes we find the cross sectional area of number 24 gage wire to be 404 circular mils. Placing these 
values, along with the length, in our formula gives, 

15 x 660 9900 = 24.5 ohms, approximately Ohms — 
404 404 

Any similar problem relating to conductor resistance may be handled as easily. Figure out the resistance 
of 100 feet of number 10 U.S. Standard copper wire. It is little more than 1/10 ohm. 

WIRE SIZES 

Gage Cross Section, Diameter, Gage Cross Section, Diameter, 
No. circular mils inches No. circular mils inc lles 

8 16 510 0.1285 28 19.8 0.01261 
9 13 090 .1144 29 126.7 .01126 

10 10 380 .1019 30 100.5 .01003 
11 8 234 .09074 31 79.70 .00893 
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12 6 530 0.08081 32 63.21 0.00795 
13 5 178 .07196 33 50.13 .00708 
14 4 107 .06408 34 39.75 .00631 
15 3 257 .05707 35 31.52 .00562 

16 2 583 0.05082 36 25.00 0.00500 
17 2 048 .04526 37 19.83 .00445 
18 1 624 .04030 38 15.72 .00397 
19 1 288 .03589 39 12.47 .00353 

20 1 022 0.03196 40 9.885 0.00315 
21 810.1 .02846 41 7.845 .00280 
22 642.4 .02535 42 6.250 .00250 
23 509.5 .02257 43 4.850 .00220 

24 404.0 0.02010 44 4.000 0.00200 
25 320.4 .01790 45 3.063 .00175 
2A 254.1 .01594 46 2.250 .00150 
27 201.5 .01420 

CONDUCTOR RESISTIVITIES 

Material Or Ohms Material Or Ohms 
Trade Name cire. mil-ft Trade Name cire. mil-ft 

Advance 294 Manganin 270 
Aluminum 17 Nickel 52 
Brass, common 49 Nickel silver, 18% 198 
Chromel 540 30% 240 

Constantan 294 Nichrome II 660 
Copper, annealed 10.4 III 540 

U.S. Stan'd 10.55 Iv 625 
hard drawn 10.65 Platinum 72 

Ideal 295 Silver 9.75 
Iron, pure 60 Steel, galvanized 67 

wrought 84 Tungsten 33.2 
Magnesium, pure 277 
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TUNING WITH RESONANT CIRCUITS 

FIRST PRINCIPLES 

Were a person who is unacquainted with the history of radio to look inside a modern receiver they might 
well conclude that the whole thing depends on tubes, for every set appears full of them. Yet we had radio 
communication over distances of thousands of miles before we had radio tubes. ' 

High-frequency currents and voltages for transmission used to be generated with the help of sparks, arcs, 
and special types of rotary generators. The resulting high-frequency radio waves were modulated with sig-
nals and radiated into space. Receivers of that day were made with coherers and with crystals for detec-
tion, and the sound signals were reproduced in headphones. 

In text books published as late as 1920 the authors still talked about tubes as something rather new 
which probably would do a lot for radio, but they gave most attention to the older and better known methods 
of transmission and reception. 

However, no matter how far back into the beginnings of radio we may go, and no matter what kind of ap-
paratus we may examine, we always find one combination of parts without which radio never would have 
existed, nor would it exist today. This combination is a coil and a capacitor, an inductance and a capaci-
tance. An inductance and capacitance may be made to produce the condition called resonance, and if any 
one thing could be rated as the prime essential in every branch of radio communication it is the condition 
of resonance — which we now are ready to investigate. 

TUNING WITH RESONANT CIRCUITS 

In the United States there are more than 2,000 radio stations operating in the standard broadcast band 
on carrier frequencies ranging from 540 to 1,600 kilocycles. This band of frequencies is divided into chan-
nels 10 kilocycles wide. Each Class 1 station, operating with powers of 10,000 to 50,000 watts, has exclu-
sive use of one clear channel. There are also Class H stations with powers of 250 to 50,000 watts operat-
ing in clear channels. Class III stations share a channel with several similar stations, using powers of 
500 to 5,000 watts to serve a large center of population and its adjacent rural areas. Class IV stations op-
erate with powers of 100 to 250 watts to give purely local service in channels shared by many similar sta-
tions elsewhere. 

The radiations from all these stations are "on the air" during most of the hours of every day. Even 
though your radio receiver is not particularly sensitive it still is within range of at least fifty of them. 
Then how is it that merely turning the tuning knob picks out one particular program from all those other 
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r 1g. zb—i. A tuning capacitor with its drive pulleys and belt. 

signals flying through space all around you? Pow is it possible to listen to a station 500 miles away when 
another is within ln miles? How is it possible to select one station operating on a channel frequency right 
between frequencies of two other stations? 

The selection is accomplished by using very special combinations of capacitance and inductance in the 
•section of your receiver which is connected to the antenna or to any other conductor that collects the sig-
nal energy from space. The process of signal selection is called tuning. The necessary capacitance is 
furnished by one or more tuning capacitors, and the inductance is furnished by one or more tuning induc-
tors or coils. 

A duà1 or double tuning capacitor used in one style of broadcast riceiver is pictured at the left in Fig. 
26-1. In each of the two sections of this capacitor is a group of 13 stationary metal plates with air spaces 
between them. Attached to a shaft which may be rotated are 14 movable plates that are turned farther into 
or out of air spaces between and on the outsides of the stationary plates as the shaft is turned. 

The capacitor shaft that carries the movable plates is turned by the tuning knob visible at the lower left 
of the supporting panel. The tuning knob, the drive pulleys, and the connecting belt are shown in the pic-
ture at the right. The stationary plates of the capacitor are called stator plates, and as a group they are 
called the stator. The movable plates attached to the shaft are called rotor plates, and their complete as-
sembly is called the rotor. 

Even with the rotor plates turned all the way in between the stator plates there remains an air space be-
tween each side of every plate and the two adjacent plates. Air in these spaces is the dielectric of the tun-
ing capacitor. The farther the rotors are moved into the spaces between stators the greater is the area of 
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stators and rotors on opposite sides of each layer of air dielectric, and the greater is the effective capac-
itance. 

With the rotors all the way in mesh with the stators the capacitance of one section of this particular cap-
acitor is 445 micro-tnicrofarads. With the rotors turned out as far as they will go the capacitance still is 
25 micro-microfarads. At intermediate positions of the rotor plates the effective capacitance is varied be-
tween these limits. 

When installed in a broadcast receiver the tuning capacitor is connected to a radio-frequency transformer 
or 'antenna coupling transformer. One such transformer is shown by Fig. 26-2. At the lower end of the sup-
porting tubing is a rather large coil which will be connected to the tuning capacitor. A little ways above is 
a slightly smaller coil which will be connected to the antenna. This smaller coil is the primary and the 
larger one is the secondary winding for the portion of this transformer used in standard broadcast recep-
tion. 

Signal energy from the ante nna enters the primary winding to cause high-frequency voltages and currents. 
There is inductive coupling between the two coils, so signal energy is transferred from the primary into the 
secondary winding. Every frequency reaching the antenna thus passes to the secondary winding and the 
tuning capacitor. At the top of the supporting tubing is another primary and another secondary winding used 
for short-wave reception where carrier frequencies range between 5 and 20 megacycles. For our first ex-
periments we shall use only the lower secondary winding of this double transformer. 

Inductance of the lower secondary winding is 231 microhenrys. This inductance is not changed during 
the operation of tuning. Inductive reactance of this secondary winding at all frequencies between 540 and 
1,600 kilocycles is shown by Fig. 26-3. This reactance increases with frequency at a constant rate, which 
makes the change of reactance show up as a straight line on the graph. 

Fig. 26-2. An antenna coupling transformer for standard broadcast and some of the short-wave bands. 
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Fig. 26-3. How inductive readance of the tuning coil changes when there is variation of applied frequency. 
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Fig. 26-4. How capacitance of the tuning capacitor varies with turning the rotor shaft. 
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Fig. 26-5. Change of capacitive reactance with variation of frequency for capacitance of 40 
micro-microfarads (lower curve) and for capacitance of 385 micro-microfarads (upper curve). 

Fig. 26-4 shows how capacitance of the tuning capacitor varies during rotation of its shaft as the rotor 
plates are moved farther and farther in between the stators. The bottom horizontal scale is for rotation of 
the shaft in percentages of its full travel. The vertical scale lists corresponding capacitances in micro-
mi crofarads. 

With the capacitor adjusted for any capacitance its capacitive reactance becomes less and less as fre-
quency increases. This reactance does not change at a constant rate, but rather as shown by Fig. 26-5. 
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The lower curve shows how the capacitive reactance changes when the capacitance remains set at40 ramfd 
(micro-microfarads) while frequency is varied from 540 to 1,600 kilocycles. The scale for frequencies is 
along the bottom of this graph. The left-hand vertical scale lists corresponding reactances in ohms. 

With the capacitor plates almost all the way in mesh the capacitance becomes 385 mmfd. Reactances of 
this capacitance at all frequencies between 540 and 1,600 kilocycles are shown by the upper curve of Fig. 
26-5. The frequency scale is the same as for the lower curve. The reactance scale for this greater capaci-
tance is written vertically on the right, up toward the top of the graph. 

Although the values of reactance in ohms are greatly different for the two very different capacitances, 
the shapes of the two curves are alike. This shape is typical of curves showing change of capacitive re-
actance with frequency, no matter what the value of capacitance or the range of frequencies. For any other 
capacitance between 40 and 385 mmfd we might draw reactance curves, and all would have the same gen-
eral shape. 

Supposing that we wish to receive a signal in the 1,000-kilocycle broadcast channel. At this frequency 
the inductive reactance of the tuning coil is shown by Fig. 26-3 to be about 1,450 ohms. The capacitive 
reactance of the capacitor may be made anything between about 410 and 4,000 ohms, depending on how the 
rotor plates are turned. When you consider that the strength of received signal may be only a few millionths 
of one volt, either the inductive or capacitive reactance would offer tremendous opposition to signal cur-
rents from such a small voltage. The difficulties would be as great for reception at any other channel fre-
quency. It is the reactive oppositions of the tuning transformer coil and the tuning capacitor that hold back 
the signal currents. 

Were signal current to encounter only the resistance of metal parts in the capacitor and of the wire in 
the coil even these very weak signal voltages from an antenna would cause currents plenty large enough 
for reception. Resistance in the coil winding is only about 3% ohms, and in the metal of the capacitor is 

SIGNAL 
GENERATOR 

ELECTRONIC 
VOLTMETER 

GROIJND 

Fig. 26-6. How the instruments are connected for the first tests. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 26— Page 7 

almost too small to be measured. Fortunately, it really is possible to get rid of the reactive oppositions 
and leave only the circuit resistances if we connect capacitance and inductance together in certain ways 
and adjust either of them to suitable values. 

Strange things happen to high-frequency voltages and currents in circuits which contain both capacitance 
and inductance. In radio receivers, and television receivers too, everything related to tuning or selection 
of signals, and almost everything related to amplification of high-frequency signals, depends on the rela-
tions between inductance, capacitance, and frequency. 

To observe what happens we need only such instruments as are available in nearly every radio service 
shop. All the tests whose results will be described in following pages were carried out with a service type 
signal generator furnishing frequencies between 540 and 1,600 kilocycles. These frequencies were applied 
to one section of the tuning capacitor of Fig. 26-1 and the bottom secondary winding of Fig. 26-2, con-
nected together. Performance was measured with a service type electronic voltmeter. 

SERIES RESONANCE. To begin with we shall connect the secondary winding of the radio-frequency 
transformer in series with the tuning capacitor, as shown by the diagram of Fig. 26-6. The secondary wind-
ing is marked L, for inductance, and the capacitor is marked C for capacitance. The primary winding of the 
transformer will not be used at present, so it is not connected and is not shown in the diagram. 

The object of our first test will be to determine the manner in which changes of tuning capacitance affect 
opposition to flow of high-frequency current through the coil winding and capacitance in series. The way 
to do this is to send current from the signal generator through the winding and capacitance, vary the cap-
acitance in small steps, and measure the current at each step. The greater the current the less must be the 
opposition to current flow, and the less the current the greater must be the opposition. 

The diagram shows one terminal of the signal generator connected to one end of the coil. The other end 
of the coil is connected to one side of the tuning capacitor, and the other side of the capacitor is connected 
to ground. Ground, in this case, is the metal of the receiver chassis. The other terminal of the signal gen-
erator is connected through resistor R to ground, the chassis metal. Current from the generator will flow 
through the coil and capacitor, through the ground connections, and resistor R, back to the generator. 

The electronic voltmeter is connected across the ends of resistor R, to indicate all changes of voltage 
occuring across this resistor. These changes of voltage will be exactly proportional to changes of current 
through the resistor. The voltmeter itself has resistance of millions of ohms, consequently takes no ap-
preciable current away from the measured circuit. Then all current flowing in the coil and capacitor will 
flow also in the resistor, and since readings of the voltmeter will be proportional to current and changes 
of current through the resistor these readings also will be proportional to changes of current through the 
coil and capacitor. Thus the voltmeter becomes a current indicator. 

The signal generator is adjusted to furnish a frequency of 1,000 kilocycles, and left so. Then the shaft 
of the tuning capacitor is rotated a little at a time to vary the capacitance in steps of only a fem, mmfd each 
time. At every new value of capacitance the voltage from the signal generator must be readjusted to its 
original value. It is necessary to apply unvarying signal voltage because we wish to observe only the ef-
fects of capacitance change. Were the applied voltage to vary it would affect the current, and our measure-
ments would be meaningless. 

The only purpose of using the resistor at k is to permit the electronic voltmeter to measure current and 
changes of current through the coil-capacitor circuit. No type of current meter ordinarily available in a 
service shop is suitable for measuring very small currents at high frequencies. Common types of alternat-
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ing-current meters either take more current for their operation than would be available in our tests or else 
their resistance is so great as to practically stop the current in a circuit such as we are using. The elec-
tronic voltmeter takes no measurable current for its own operation, and we need add in the measured cir-
cuit a resistance of no more than 50 to 100 ohms at most. 

At the top of Fig. 26-7 is a curve showing how current in the coil-capacitor circuit changes as capaci-
tance is varied. With increasing capacitance the current rises higher and higher until, with capacitance of 
about 92.7 mmfd, there is maximum flow. With further increase of capacitance the current drops to approxi-
mately its original value. 

CV/ This current is flowing through both the coil and the capacitor, because they are connected in series 
with each other and with the signal generator. Every change of current that occurs in either the coil or the 
capacitor occurs also, and at the same time, in the other element, No matter how many strange things hap-
pen in this circuit during following tests, always remember that current is the same in the coil and in the 
capacitor so long as these two are in series with each other. 

We have seen how variation of capacitance changes the current, but what we really started out to inves-
tigate is change of opposition to current flow, or change of inductive and capacitive reactances that oppose 
flow of current. In the coil there is opposition due to inductive reactance, but there is opposition also due 
to resistance of the winding wire. In the capacitor there is opposition due to capacitive reactance, also 
opposition due to resistance of the metallic paths which current must follow in the capacitor. 

Of course, it is impossible to separate the oppositions due to resistance from those due to reactance, 
for we cannot do away with the conductors wherein the resistance exists. Consequently, we shall have to 
investigate the effect of reactance and resistance working together. 

You will recall that opposition to flow of alternating current is called impedance when this opposition 
is caused by combined reactance and resistance. This makes our present problem one of translating the 
current changes shown at the top of Fig. 26-7 into corresponding changes of impedance. This is not diffi-
cult, because impedance, like resistance alone, is inversely proportional to current when applied voltage 
remains constant. That is the same as saying that impedance is the reciprocal of current, or is equal to the 
number 1 divided by current values. At the bottom of Fig. 26-7 is a curve showing changes of impedance 
with variation of capacitance. This curve was drawn by taking the reciprocals of the values shown by the 
current curve. 

As the rotor plates of the capacitor are turned to insert more and more capacitance in the series circuit 
the impedance decreases and reaches a minimum at about 92.7 mmfd. With still more capacitance the impe-
dance increases. At the minimum point the impedance is equal only to the circuit resistance. Effects of in-
ductive reactance and capacitive reactance are gone. At this point of minimum impedance the reactance of 
the coil winding still is 1,451 ohms, and reactance of the capacitor also is 1,451 ohms. Yet these two re-
actances together amount to zero reactance. 

For the time being we shall not concern ourselves with the reason why the two reactances cancel, but 
instead shall proceed with another test. This time we shall use the same instrument setup as before, but 
keep the tuning capacitor adjusted for 92.7 mmfd capacitance while changing the signal frequency in small 
steps from 540 to 1,600 kilocycles. The changes of current, as indicated by the electronic voltmeter across 
the series resistor, are shown at the top of Fig. 26-8. 

This new current curve appears not unlike the one of Fig.26-7.Current is small at the lower frequencies, 
rises to maximum at a frequency of 1,000 kilocycles, then drops back at still higher frequencies. Keep in 
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Fig. 26-9. The inductive reactance and the capacitive reactance become equal at a frequency of 1,000 
kilocycles. 

mind that the capacitance remains fixed at the value giving maximum current at 1,000 kilocycles in ourfirst 
test. 

Down below the current curve of Fig. 26-8 is another curve which shows changes of impedance as the fre-
quency is increased from 600 to1,200 kilocycles while capacitance remains fixed at 92.7 mmfd. This impe-
dance curve again is the reciprocal of the current curve. Impedance is high at the lower frequencies, drops 
to a minimum at 1,000 kilocycles, then rises with further increase of frequency. At the frequency of 1,000 
kilocycles there is high reactance in the coil and high reactance in the capacitor, yet with the inductance 
and capacitance connected in series there is no reactance effect, only the opposition due to resistance. 

During our first test (Fig. 26-7), the capacitance was varied while keeping the frequency constant. Of 
course, the inductance also remains constant, because no changes were made in the coil winding. There 
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Fig. 26-10. Instrument connections for measurement of reactive voltages across the coil and the capacitor. 

was one certain value of capacitance at which the effects of both the inductive and the capacitive reac-
tances disappeared. In the second test (Fig. 26-8) we varied the frequency with a constant value of cap-
acitance (and inductance) and found a certain frequency at which all reactance effects disappeared. 

There can be only one explanation for these disappearing reactances. The two kinds of reactance, in-
ductive and capacitive, must have opposite effects when they both are in the same circuit. At one value of 
tuning capacitance, and one value of frequency, the effect of inductive reactance and the effect of capaci-
tive reactance must exactly balance. Each kind of reactance then is acting oppositely to the other kind, 
and their effects balance or cancel, to leave only the circuit resistance to oppose flow of high-frequency 
current. 

We may obtain further evidence that the two kinds of reactance oppose and balance each other by making 
a comparison of how the reactances change with variation of frequency. In Fig. 26-9 the straight line shows 
the steady rise of inductive reactance in the coil as frequency is increased. The curve shows the drop of 
capacitive reactance in the capacitor which is in series with the coil. Note carefully the values of the two 
reactances at the frequency of 1,000 kilocycles. They are equal. If the reactances really do have opposite 
effects, and are equal to 1,000 kilocycles, it is only natural that they should balance out at this frequency. 
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Fig. 26-11. Changes of coil voltage (full-line curve) and of capacitor voltage (broken-line curve) as the 
capacitance is varied. 

When capacitive reactance and inductivereactance are equal at a certain frequency the circuit is said to 
be resonant at that frequency. When frequency is increased in a circuit containing inductance and capaci-
tance, the inductive reactance always rises while the capacitive reactance drops. On the other hand, when 
frequency is decreased the inductive reactance always drops while capacitive reactance rises. Therefore, 
for any possible values of inductance and capacitance there must be some frequency at which the reactan-
ces become equal and at which the circuit is resonant. 

This fact causes plenty of trouble in television receivers,where we have frequencies ranging all the way 
from 30 cycles per second to 200 million cycles. All kinds of small capacitances and inductances get to-
gether to produce resonance effects where such effects are least wanted. 

All our examples and tests have been based on having the inductance and capacitance connected in 
series with each other. This makes a series resonant circuit, and the condition at resonance is called ser-
ies resonance. Later we shall change the connections to place the inductance and capacitance in parallel 
with each other, and carry out other tests to determine what happens with parallel resonance. First, how-
ever, there are a few more things to be observed in relation to the series resonant circuit. 

When running the curves of Figs. 26-7 and 26-8 the electronic voltmeter was used to indicate current, by 
connecting the meter across a resistor in series with the circuit. Now we shall connect the meter directly 
across the coil or inductance, and note changes of voltage on the coil. This new test setup is shown by 
Fig. 26-10, with the voltmeter at A. 
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Fig. 26-13. Circuit connections for the crystal receiver. 
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The full-line curve of Fig. 26-11 shows how coil voltage varies when the tuning capacitance is changed 
from 25 to 200 mmfd while the applied frequency is held constant at 1,000 kilocycles. This voltage curve 
for the coil is shaped much like the current curve for the entire circuit, shown in Fig. 26-8. 

For still another test we shall connect the electronic voltmeter across the tuning capacitor, as at B 
Fig. 26-10, and note changes of voltage across the capacitor as its capacitance is varied from 25 to 200 
mmfd with the applied frequency still held constant at 1,000 kilocycles. The broken-line curve of Fig. 
26-11 shows resulting changes of capacitor voltage. 

Voltage across the coil and voltage across the capacitor are maximum with capacitance of 92.7 mmfd. 
This we might expect, because there is the same current through the coil and capacitor, their two reactan-
ces become equal at this value of capacitance, and only the slight difference in resistances remains to af-
fect the currents. 

()You will remember that we are maintaining a constant voltage from the signal generator throughout each 
of these tests.This high-frequency signalvoltage across the series connected coil and capacitor was main-
tained at 0.2 volt during tests which yielded the curves of Fig. 26-11. Yet there we show 1.7 volts across 
the coil and almost as much across the capacitor. Voltage across both the coil and the capacitor is 8.5 
times as great as voltage being applied to the entire series resonant circuit. Our circuit has a "voltage 
gain" of 8.5 when resonant at 1,000 kilocycles. 

This means that were this signal voltage brought in from an antenna and applied across the series coil 
and capacitor the signal strength would be increased 8.5 times with the circuit tuned to resonance for that 
signal. 

Now for a questionabout the performance which we have observed. 1f applied signal voltage is held con-
stant across the whole resonant circuit how can the separate voltages across the coil and the capacitor 
both go so high at the same time? The explanation depends on this fact: The two voltages, at resonance, 
are away out of time with each other and with the current in the circuit. In the language of radio we would-
not say the voltages are out of time, we would say they are out of phase. 
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The electronic voltmeter cannot show differences of phase or time. One high-frequency voltage looks to 
the voltmeter just like any other high-frequency voltage if both are of the same strength. But if you could 
look at the manner in which the current is alternating, and at the same time look at alternations of voltage 
across the capacitor, the two alternating waves would appear as along the two top lines of Fig. 26-12. 

The current and the voltage are both alternating at the same rate, or both have the same frequency. Con-
sequently each alternation and cycle of current and of voltage is shown as occupying equal intervals of 
time — which proceeds from left to right. But every peak of capacitor voltage occurs a quarter of a cycle 
later than the corresponding peak of current. The alternations or cycles of capacitor voltage are lagging 
behind the alternations or cycles of current. This happens in any part of a circuit when that part contains 
capacitive reactance without inductive reactance, as is the case in the portion of our circuit which con-
sists of the capacitor. 

Could you look at the current wave and the coil voltage wave at the same time they would appear as at 
the middle of Fig. 26-12. Current waves are occuring at the same instants of time as up above, because 
this is the same current that flows in the capacitor. But now the coil voltage waves come earlier than the 
current waves. Every peak of coil voltage occurs a quarter cycle before the corresponding peak of current. 
The coil voltage is leading the current. This is true of every part of a circuit wherein there is inductive 
reactanoe without capacitive reactance. 
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Fig. 26-14. Changing the tuning of a receiver shifts the resonance curve. 
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Fig. 26-15. Capacitance required in the tuning capacitor for resonance at frequencies in the standard 
broadcast band. 

At the bottom of Fig. 26-12 the coil voltage and capacitor voltage are shown together, with alternations 
or waves of each voltage in their correct relative phase or time relation for a circuit in which capacitance 
and inductance are of values which produce resonance at the applied frequency. Every time the coil volt-
age becomes positive the capacitor voltage becomes equally negative. Every time the capacitor voltage 
becomes positive the coil voltage becomes equally negative. These reactive voltages completely cancel 
each other, at resonance, and their sum is zero. 

All that is shown in Fig. 26-12 occurs while the signal generator is furnishing current to the coil and 
capacitor in series.‘‘ hen the generator looks into the circuit consisting of the coil and capacitor, and sees 
no voltage or no potential difference due to reactances, the effect, so far as the generator is concerned is 
as though the circuit possessed no reactance at all. The only thing that remains to oppose flow of current 
from the generator is resistance in the coil-capacitor circuit. 

With reactance out of the way, the current at resonance rises to a value proportional to generator voltage 
and circuit resistance, just as shown by the curves at the top of Figs. 26-7 and 26-R. Impedance becomes 
minimum at resonance because all the reactive opposition is balanced out, and the only remaining opposi-
tion is that due to circuit resistance. This decrease of impedance at resonance is shown by curves at the 
bottom of Figs. 26-7 and 26-8. 
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TUNING WITH SERIES RESONANCE. By connecting in series the tuning capacitor and coil which we 
have been testing, and adding a crystal detector and headphones, it is possible to construct a practical 
radio receiver for the standard broadcast band. The circuit is shown by Fig. 26-13. The high side of the 
capacitor is connected to an antenna. The low side of the coil is connected to ground. All signal voltages 
collected by the antenna now are applied to the capacitor and coil,and cause corresponding high-frequency 
signal currents to flow in these elements. 

With the detector and headphones connected across the coil all voltages which appear across the coil 
are applied to the detector and phones. The detector is merely a rectifier, allowing pulses of high-frequency 
signal current to flow through it and the headphones in only one direction. As a result of this detector ac-
tion we have in the phones a one-way current or direct current consisting of pulses at the signal frequency. 
If the average value of these direct-current pulses varies at an audible rate or at an audio frequency you 
can hear sounds from the phones. 

The direct current pulses do vary at audio frequency because the carrier wave at every transmitter is be-
ing modulated or varied in average strength by effects of speech and music which are to be transmitted. 
Therefore, if signal voltage across the coil and in the headphones becomes strong enough, you can hear 
the audio frequencies which constitute a radio program. 

Now let's see what is happening when you do hear a program. We shall assume that you have adjusted 
the tuning capacitor for resonance at 1,000 kilocycles. There are many broadcasting stations using this 
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carrier frequency. Any 1,000-kilocycle signal reaching your antenna meets with the very minimum of impe-
dance in the coil-capacitor circuit, as shown by Fig. 26-8. Then this signal produces maximum current in 
the coil and capacitor. Across the coil there is maximum possible voltage at this 1,000-kilocycle frequency, 
and this voltage is applied to the headphones through the detector. 

Received signals at all frequencies higher and lower than 1,000 kilocycles meet with much greater impe-
dance in the receiver circuit, and these other signals cause relatively weak currents and voltage in the 
coil, Thus you have strengthened the signal from the transmitter operating with a carrier frequency of 1,000 
kilocycles, and at the same time have greatly weakened or wholly excluded the signals from transmitters 
operating at other frequencies. This is the process of tuning. 

Fig. 26-8, of which we have just spoken, shows the current produced in the receiver coil by signals of 
equal strengths at various frequencies when the coil-capacitor combination is tuned to resonance at 1,000 
kilocycles. We say signals of equal strengths because, remember, the output voltage of our signal gener-
ator was held constant during every test. 

An equally strong signal at 900 kilocycles would produce only about 40 per cent as much current and 
voltage as the one at 1,000 kilocycles, and a signal at 800 kilocycles would produce only about 20 per 
cent as much. Going the other direction in frequency, a signal of equal strength at 1,100 kilocycles would 
cause less than half the current of the one at 1,000 kilocycles, and for a signal at 1,200 kilocycles the re-
sponse would be little more than 10 per cent of that for the 1,000-kilocycle signal. 

Were you to tune your receiver for 800 kilocycles, or makethe coil-capacitor circuit resonant at 800 kil-
ocycles, the whole response curve would shift to this new frequency, as shown by Fig. 26-14. Peak re-
sponse then would be at 800 kilocycles instead of the former 1,000 kilocycles. Loudest sound would come 
from a station operating on 800 kilocycles, provided its signal were as strong as from the 1,000-kilocycle 
station, and response would be down at-all other frequencies. 

The receiving circuit could be made resonant at any frequency within the tuning range of the capacitor, 
which is the adjustable member of our tuning combination. Fig. 26-15 shows capacitance settings for the 
tuning capacitor at all signal frequencies between 500 and 1,600 kilocycles. With the capacitor adjusted 
for any of the capacitances listed on the scale at the left there would be resonance, with the coil induc-
tance of 231 microhemys, at the frequency shown by the curve. 

At the upper end of the curve a large change of capacitance makes a rather small change of tuned fre-
quency, while at the low end a small change of capacitance makes a relatively great change of frequency. 
If you look back at Fig. 26-4 you will see that, at the high-capacity end of tuning shaft rotation, a fairly 
small turn makes a large change of capacitance, while at the low capacitance end it takes a very consider-
able turn to change the capacitance only a little. 

The spreading of capacitance change at one end of tuning shaft rotation compensates in large measure 
for crowding of frequencies at one end of the capacitance scale. By comparing the shaft rotation curve of 
Fig. 26-4 with the capacitance change curve of Fig. 26-15 we find that station frequencies will be spread 
quite evenly over the face of a tuning dial, as shown by Fig. 26-16. Tuning capacitor plates are shaped to, 
separate the frequency positions for satisfactory tuning. 

TUNING WITH VARIABLE INDUCTANCE. We have been making tests on a circuit with fixed inductance 
and variable capacitance. Every test could have been carried out just as well by altering the inductance 
while using a fixed capacitance. Some broadcast sound receivers, a good tinny f-m receivers, and lots of 
television receivers are tuned by variable inductors rather than variable capacitors. 
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Fig. 26-17. A variable inductance tuner for a radio receiver. 

The frequency at which resonance occurs may be changed just as effectively by altering the inductance 
as by altering the capacitance in tuned circuits. Increasing the inductance, with a fixed capacitance, will 
lower the resonant frequency in just the same way as increasing the capacitance when using fixed induc-
tance. Conversely, lessening the inductance will raise the resonant frequency in just the same way as les-
sening the capacitance with fixed inductance. 

Inductance and capacitance act alike so far as tuning is concerned. You may use either more inductance 
or more capacitance to lower the frequency of resonance, or you may use more of both. To raise the reso-
nant frequency you may use less inductance or less capacitance, or you may use less of both. 

In our tests with a variable capacitor for tuning we employed a constant inductance of 231 microhenrys. 
With the tuning capacitor set for about 42 nunfd the circuit was resonant at 1,600 kilocycles, and for reso-
nance at 500 kilocycles we set the capacitor for about 438 mmfd. We might have carried out all the tests 
with a variable inductor and fixed capacitor. For example, had we employed a fixed capacitor of 100 mmfd 
it would have been possible to have resonance at 1,600 kilocycles by adjusting the variable inductor to 
about 97 microhenrys. With the same fixed capacitance there would be resonance at 500 kilocycles by ad-
justing the inductor to about 1,012 microhenrys. 
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Fig. 26-17 is a picture of one style of variable inductance unit used for tuning in standard broadcast re-
ceivers.The inductance coils stand vertically on the base. Each coil is.a radio-frequency transformer con-
sisting of primary and secondary windings suited for one range of frequencies. Sliding inside each trans-
former coil is a movable core made of finely divided particles of iron cemented into cylindrical shape. 
These cores are moved up and down by the pulley and belt at the top of the unit and by the large pulley at 
the back. This large pulley is turned by another belt running to the tuning knob. 

The farther the iron cores are moved down inside the transformer windings the greater becomes the in-
ductance, and the farther the cores are raised out of the windings the less is the inductance. When the core 
of the antenna coupling transformer is moved all the way from top to bottom of its travel the secondary in-
ductance increases from about 86 to 1,000 microhenrys in this particular unit. With a fixed capacitance of 
100 mmfd this change of inductance would tune to resonance from a little above 500 kilocycles to about 
1,740 kilocycles, completely covering the standard broadcast band with something to spare at each end. 

Frequency of resonance depends on the product of inductance and capacitance in the tuned circuit, or on 
the number of microhenry inductance multiplied by the number of mmfd capacitance. The inductance-capa-
citance product for resonance at a frequency of 1,000 kilocycles is 25,330. In any possible combination of 
inductance and capacitance which is resonant at 1,000 kilocycles the product of microhenrys and micro-
microfarads must come to 25,330. 

iel3 For resonance at 1,000 kilocycles you could use 100 mmfd capacitance and 253.3 microhenrys induc-
tance, or you could use 100 microhenrys inductance and 253.3 mmfd capacitance, or any other combination 
whose product is 25,330. For every other frequency of resonance there is an inductance-capacitance pro-
duct. These products are called oscillation constants. 

DISTRIBUTED CAPACITANCE. If you look back at the results of some of the earlier tests with the var-
iable tuning capacitor and fixed inductance you will find that 92.7 mmfd in the capacitor and 231 micro-
henrys in the coil caused resonance at 1,000 kilocycles. The product of 92.7 and 231 is 21,414 although it 
just has been stated that the oscillation constant for 1,000 kilocycles is 25,330. 

The explanation of this discrepancy is simple, but of great importance in all tuned circuits. There is 
capacitance in the coil itself. It is called distributed capacitance. The coil used in our tests has distrib-
uted capacitance of 17 mmfd along with its 231 microhenrys inductance. 

This 17 mmfd of distributed capacitance added itself to the capacitance of the variable capacitor in every 
test we niade.If you add this 17 mmfd to the 92.7 mmfd in the variable capacitor at resonance for 1,000 kil-
ocycles the sum if 109.7 mmfd. If you then multiply 109.7 (mmfd) by 231 (microhenrys) the product is 25,340 
approximately. This is within one twenty-fifth of one per cent of the oscillation constant for 1,000 kilo-
cycles, which is as close as you can expect to come in computations such as these. 

All through this present lesson we have been careful to talk only about capacitance of the tuning capac-
itor, not about total circuit capacitance. Every value of capacitance which has been specified with refer-
ence to the capacitor must be increased by 17 mmfd of distributed capacitance to arrive at circuit capaci-
tance. Then the oscillation constant will be found to apply in every case. 

Now we have piled up a good many things to be investigated at greater length in lessons to follow. We 
shall have more to do with variable inductance tuning. There is a lot to learn about parallel resonance. 
Distributed capacitance calls for attention. Oscillation constants can be of help in service operations. In 
fact, we have just begun the study of resonant circuits. 
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LESSON NO. 27 

PARALLEL RESONANCE FOR TUNING 

In Fig. 27-1 we have an inductance coil and a small variable tuning capacitor connected in series. This 
coil-capacitor circuit may be considered as starting at the free end of the wire attached to the back of the 
coil, going through the coil, thence to the stator of the capacitor, through the capacitor, and from the rotor 
through the forward extending wire attached to the capacitor frame. The connections are shown by symbols 
at the right. This you will recognize as a series resonant circuit. 

In Fig. 27-2 the same coil and capacitor are connected in parallel with each other. The stator of the cap-
acitor remains connected through a light colored wire to the near end of the coil, The rotor of the capacitor 
now is connected to the far end of the coil, through a second light colored wire. The two black wires lead 
to any external circuit. Again the connections are shown by symbols at the right. This is a parallel reso-
nant circuit. 

Any inductance and capacitance may be connected for either series resonance or for parallel resonance. 
The tuning capacitor and r-f transformer winding which were connected in series for our tests in the pre-
ceding lesson later were reconnected in parallel with each other, to form a parallel resonant circuit. The 
signal generator was adjusted to furnish a frequency of 1,000 kilocycles.The electronic voltmeter was used 
to measure high-frequency voltage across the coil and capacitor. With the tuning capacitor varied between 
25 and 180 mmfd capacitance the voltage across this parallel resonant circuit changed as shown by Fig. 
27-3. 

The condition of parallel resonance is indicated by peak voltage.This peak occurs when the tuning cap-
acitance is 92.7 mmfd, exactly the same value as caused resonance at 1,000 kilocycles with the coil and 
capacitor connected for series resonance. 

For another test the tuning capacitor was left adjusted for capacitance of 92.7 mmfd and the frequency 
from the signal generator was varied from 650 to 1,350 kilocycles.The electronic voltmeter across the coil 
and capacitor in parallel showed the voltage changes of Fig. 27-4. There is peak voltage, indicating reso-
nance, at 1,000 kilocycles — just as with the same coil and capacitor connected for series resonance. 

Further tests with any values of inductance and capacitance would show that resonant frequency is the 
same with the elements connected in parallel as with them connected in series. Parallel resonant and 
series resonant circuits behave similarly so far as relations between values of inductance, capacitance, 
and frequency are concerned. This, however, is about the only way in which the two types of resonant cir-
cuits do behave similarly. 

You will find that wherever a certain change of frequency causes current to rise in a series resonant cir-
cuit the current will drop with parallel resonance. Whatever causes less voltage across a series resonant 

A 
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Fig. 27-1. A series resonant cirouit. 

circuit will cause more voltage across the parallel resonant circuit. For the frequency at which impedance 
is minimum in the series circuit it becomes maximum with the parallel connection. 

We could continue to investigate the performance of parallel resonant circuits by using our original tun-
ing capacitor and transformer winding, whose values were suited for standard broadcast frequencies. In-
stead we shall use capacitance and inductance of values such as employed in television and frn sound re-
ceivers.Instead of working with standard broadcast frequencies of a few hundred thousand cycles we shall 
use frequencies of tens of millions of cycles per second. 

"de 

Fig. 27-2. A parallel resonant circuit. 
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Fig. 27-3. The change of voltage across the coil and capacitor of a 
parallel resonant circuit when the capacitance is varied. 
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Fig. 27-4. Change of voltage across the parallel resonant circuit when the applied 
frequency is varied. 
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Fig. 27-5. The variable capacitor and the coil whose inductance may *De varied by a movable core. 

The new experimental coil and capacitor are illustrated in Fig. 27-5. The coil winding consists of 17 
turns extending over a length of about 0.30 inch with a diameter of 0.28 inch. This coil is designed for 
variable inductance tuning by means of a movable core made of powdered iron cemented into shape. A core 
is shown standing alongside the coil form in the picture. 

When the core is inserted into the coil form the long screw on the core extends through the metal ferrule 
at one end of the form. A screw driver slot on the end of the screw allows turning the core to various posi-
tions in relation to the winding. This unit is a coupling coil used between intermediate-frequency amplifier 
tubes in a television receiver. 

With the movable core adjusted to a position where it extends all the way through the winding which is 
on the outside of the form, the inductance is maximum at about 6 microhenrys. With the core adjusted so 
that no part extends into the winding the inductance drops to around 2 microhenrys. 

The variable tuning capacitor of Fig. 27-5 really is not a type ordinarily used in television receivers, 
but it will provide a range of capacitances matching anything found in actual circuits, and will allow mak-
ing tests. With the rotor plates of the capacitor turned all the way into mesh with the stator plates the cap-
acitance is about 47 mmfd, and with the rotor all the way out the remaining capacitance is 6.5 mmfd. 

Possibly you wonder why we don't use a variable tuning capacitor such as found in television sets for 
investigating the performance of television circuits. The answer is, in many of the tuned circuits in tele-
vision we don't use any tuning capacitor at all, yet we tune with capacitance and inductance. Before pro-
ceeding with tests on parallel resonance in television circuits it will be well to determine where the tun-
ing capacitance does come from. 
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Fig. 27-6. The inductance coil used for coupling between two video i-f amplifier tubes. 

DISTRIBUTED AND STRAY CAPACITANCES. When we get into the high frequencies used fortelevision 
and f-m radio we tune with inductances and capacitances which are only small fractions of those used at 
standard broadcast frequencies. For television intermediate frequencies we may use three or four micro-
henrys inductance and maybe ten to fifteen mmfd capacitance. 

This makes it necessary to consider carefully the distributed capacitances in coils, capacitances in 
tubes, and various "stray capacitances" in other parts. Although these capacitances are small in them-
selves, only a few mmfd, they are large in comparison with the capacitances required for tuning to reso-
nance. An example will illustrate what we may expect in television circuits and also in f-m sound receivers. 

Let's say we have a television set employing a video intermediate frequency of 25 megacycles, and wish 
to use in one of the resonant circuits a coil having inductance of 4 microhenrys. To have resonance at 25 
mc (megacycles) with this much inductance requires about 10.1 mmfd total capacitance. 

Distributed capacitance in our test coil and its terminal connections on the supporting form will be on 
the order of 1.6 mmfd. This, seemingly, will leave the difference between 10.1 and 1.6 mmfd, or 8.5 mmfd, 
required for adjustable tuning. But before connecting a variable tuning capacitor into the coil circuit we 
must look at several other things. 

Quite probably our coil will be connected between amplifier tubes as shown by Fig. 27-6. We shall assume 
that both these tubes are 6AG5's, a type quite generally used in video i-f amplifiers. The top of the coil 
is directly connected to the grid of the second tube, and the bottom of the coil is connected to ground (chas-
sis metal). 

The cathode of that second tube is connected to ground through a biasing resistor. The grid of the tube 
is metal, its cathode is metal, and between them is a vacuum. As a result, the grid and cathode act like 
the two plates of a capacitor, with the vacuum for dielectric, and within the tube we have capacitance be-
tween grid and cathode. Actual capacitance on the input or grid side of a6AG5 tube will average 6.5 mmfd. 
This input capacitance, shown by a symbol in the small diagram at the right, is in parallelwith the coil and 
with distributed capacitance in the coil. The tube and coil capacitances combine with the coil inductance 
as part of a parallel resonant circuit. 
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Fig. 27-7. Turns in the upper winding are spaced apart to lessen distributed capacitance. 

We started out by needing 8.5 mmfd, in addition to distributed capacitance, for tuning to resonance at 25 
mc. The input capacitance of the second amplifier tube turns out to be 6.5 mmfd, and is connected across 
the coil. So now we need only an additional 2.0 mmfd capacitance for tuning. 

The top of our tuning coil is connected through coupling capacitor Cc to the plate of the first amplifier 
tube. In this tube there are internal capacitances between the plate, the cathode, and other metallic ele-
ments. Their total, forming the output capacitance of this 6AG5 tube, is 1.8 mmfd. This capacitance also 
is across the coil. Coupling capacitor Cc, in series between plate and coil, causes reduction of about 0.01 
mmfd in output capacitance across the coil, but this is such a slight change that we may figure on the en-
tire output capacitance. 

A few moments ago we needed an additional 2.0 mmfd for tuning to resonance at 25 mc. Now we have 
found 1.8 mmfd in the first amplifier tube. This leaves only an extra 0.2 mmfd needed for tuning the coil 
to resonance at 25 mc when coil inductance is 4 microhenrys. 

We need not look far for this small additional capacitance, because there is lots of it in the wiring con-
nections. If you take one inch of ordinary hookup wire and place it tightly against chassis metal there is 
capacitance of about 5 mmfd between that one inch of wire and the chassis. Should you raise the inch of 
wire a quarter inch off the chassis metal there still would be capacitance of at least 0.3 mmfd between 

them. 

A look at the wiring in even the best of television receivers makes it apparent that in the connections 
for any coupling coil there must be much capacitance between the wires themselves and between wires and 
chassis metal.The fact is, outside a laboratory setup, you couldn't make the necessary connections to the 
coil and introduce only 0.2 mmfd of stray capacitance. 
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So far we haven't used any tuning capacitor, yet have found distributed capacitance, tube capacitance, 
and stray capacitance totalingprobably 14 mmfd as a minimum. With our assumed 4 microhenrys in the coil 
this much capacitance without any tuning capacitor at all would be resonant at 21.28 mc instead of the de-
sired 25 mc. To raise the resonant frequency to 25 mc it would be necessary to reduce the capacitance. 
The only capacitance that can be reduced is that in the wiring, and getting rid of all of it wouldn't be 
enough. 

The solution of our difficulty is to reduce the inductance. Here we have one reason why so many high-
frequency circuits are tuned with adjustable inductance, With so much distributed, stray, and tube capaci-
tance which cannot be varied, we have to have adjustable inductance. By screwing the core farther out of 
the coil winding we can drop the inductance to 2.9 microhenrys. Then there will be resonance at 25 mc 
with the circuit and tube capacitance of 14 mmfd. 

We have been talking about distributed, tube, and stray capacitances as they affect television circuits, 
because at high frequencies these capacitances often form the entire tuningcapacitance. At standard broad-
cast frequencies we use relatively large adjustable capacitance in the tuning capacitors, or may use large 
adjustable inductance. Then circuit capacitances are not so important, although they can make trouble. 
The chief difficulty occurs at the higher frequency end of the broadcast tuning range, where the variable 
capacitor or inductor is adjusted too near its minimum value. 
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Fig. 27-8. Effective capacitances of capacitors connected together in parallel and in series. 
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During some tests in the preceding lesson we used 231 microhenrys inductance, a minimum of 25 mmfd 
in the variable capacitor, and figured on 17 mmfd distributed and circuit capacitance. This combination 
tuned to about 1,617 kilocycles. Had there been only an extra 10 mmfd of stray capacitance, making a total 
of 52 mmfd working with the inductance, the highest tunable frequency would have dropped to 1,455 kilo-
cycles. Fifteen of the 10-kilocycle channels at the top of the band would have been completely cut off. 

Distributed capacitance in a coil exists between turns of the winding. Although any one winding is a 
continuous conductor there is a difference of potential between any one turn and the turns on either side 
when current flows in the winding. When there is a difference of potential between conductors separated 
by insulation or dielectric, there is an electric field between the conductors. Therefore, there are electric 
fields between turns of the coil, and this is equivalent to the effect of electric fields between any other 
conductors — it is capacitance. 

There are various structural features of a coil which will either lessen or increase the distributed cap-
acitance, depending on how they are carried out. If the turns of a coil are spaced apart, as in the upper 
winding of Fig. 27-7, the distributed capacitance is reduced. Extra spacing is equivalent to greater separa-
tion between plates of a regular capacitor. In a coil of many turns a spaced winding might make the overall 
length too grèat. A relatively short coil may be made by criss-crossing the turns back and forth over one 
another instead of laying them side by side. The criss-cross method makes a doulateral or a honeycomb 
coil, in which distributed capacitance is relatively small. 

In any winding the distributed capacitance increases more rapidly than the number of turns. That is, 20 
turns of given diameter will have more than twice as much capacitance as 10 turns of the same diameter, 
and 40 turns will have more than twice as much as 20 turns. To reduce this effect somecoils are wound in 
several sections or "pies", with only part of the total turns in each pie. Then all the pies are mounted on 

one form and connected together. 

L4 Using wire in which the metallic conductor is of small diameter reduces distributed capacitance, just as >, 
reducing the size or area of plates in an ordinary capacitor lessens the capacitance. Also, the less the di-
electric constant of the wire insulation and of the supporting material the less is the capacitance. A self-
supporting coil of bare wire has less capacitance than any constructionusing insulation but otherwise sim-
ilar. If connections are made to several places along a winding, and some of the turns are not included in 
the active circuit, the "dead end" turns increase the distributed capacitance. 

Stray capacitance exists between every wire and every other nearby wire, also between fixed resistors, 

EQUAL CAPACITANCES 
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Fig. 27-9. Voltage division between capacitors connected together in series. 
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fixed capacitors, and other small parts which are near one another. There is capacitance between tube base 
pins, between lugs on tube sockets, and between insulated terminals of all other parts. There is capaci-
tance also between chassis metal and every insulated part of the receiver. 

Stray capacitances may be lessened by keeping everything which contains metal as far as possible from 
everything else which contains metal.This is especially important with conductors which carry signal cur-
rents, as in all grid circuits and all plate circuits. 

fParts which are of small physical size or of small dimensions have less capacitance to each other and 
to chassis metal than have larger parts. This is one reason for favoring small sized fixed resistors, fixed 
capacitors, and other circuit units in television and f-m receivers. Don't conclude that small parts were 
used to cut costs, they probably indicate careful engineering. Stray capacitance is reduced also by using 
materials of low dielectric constant for all insulating supports. 

CAPACITANCES IN PARALLEL AND SERIES. When discussing the input and output capacitances of 
the tubes between which our tuning coil is connected in Fig. 27-6 it was stated that these capacitances 
are in parallel with the distributed capacitance of coil, and that such capacitances add together. It was 
stated also that the coupling capacitor reduces the effect of tube output capacitance. Unless we get clearly 
in mind the effects of connecting capacitances in parallel and in series with one another we shall encounter 
many puzzling situations while working with resonant circuits, and, for that matter, while working with 
other radio circuits. Therefore, before going further, we shall take a little time to look into the elementary 
principles of capacitor connections. 

If you connect two capacitors in parallel with each other, as at A in Fig. 27-8, they act like a single 
capacitor whose capacitance is the sum of the two separate capacitances. You may connect any number of 
capacitances in parallel, as at R, and the total capacitance always will be the sum of the separate capac-
itances. Now we know why the input capacitance of the second amplifier tube in Fig. 27-6 adds itself to 
the distributed capacitance of the coil — the two capacitances are in parallel. 

The fact that capacitors in parallel add their capacitances often helps out when making service replace-
ments. If you lack a capacitor of a required value it may be possible to connect in parallel two smaller 
ones, the sum of whose capacitances makes up the necessary total. Of course, three or even more capaci-
tors may be paralleled if there is space available. 

(1) The case of capac itors in series with one another makes computations somewhat more difficult. If the 
series capacitances at C and D of Fig. 27-8 are all of the same value their effective capacitance will be 
equal to one capacitance divided by the number of capacitances. For example, the effective capacitance of 
two 100-mmfd capacitors in series is found by dividing 100 by 2, and is 50 mmfd. Were there four of the 
100-mmfd units in series their effective capacitance would be 100 divided by 4, or 25 mmfd. 

arle To determine the effective capacitance of two unequal capacitances connected in series, as at C, we 
'.--1,use the same method of computation employed for resistors in parallel. That is, the effective capacitance 

is found by dividing the product of the two capacitances by their sum.This is the way it works out for cap-
acitances of 25 and 100 'mmfd. 

Effective 25 x 100 2500 
— 20 mmfd 

capacitance 25 + 100 125 

If these are more than two unequal capacitances in series with one another, first determine the effective 
capacitance of any two. Then use this effective capacitance together with the capacitance of a third unit 
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in the regular formula, and keep on including one more capacitance each time until all have been consider-
ed. 

Supposing we have capacitances of 200, 100, and 600 mmfd in series. Here are the computations. 

200 x 100 20 000 First: 66.7 mmfd, approximately 
200 + 100 300 

66.7 x 600 40 000 
Second: 60 mmfd 

66.7 + 600 666.7 

It is important to remember this: The effective capacitance of any number of capacitances in series al-
ways must be less than the least of the separate capacitances. Now we know why the coupling capacitor 
Cc in Fig. 27-6 reduces the effective output capacitance of the first tube so far as the coil circuit is con-
cerned. The tube capacitance and coupling capacitance are in series with each other. 

All the rules for paralleled and series connected capacitances apply whether the units are microfarads 
or micro-microfarads. In the first case the answer will be in microfarads, in the second case the answer 
will be in micro-microfarads. Don't mix the two units in the same formula at the same time. 

The rules just mentioned apply to capacitances, which we measure in microfarads or in micro-microfarads. 
Capacitive reactance, which we measure in ohms, is treated just like resistance,which also is measured in 
ohms. Resistances which are in series add together, and so do capacitive reactances when they are in 
series. 

The effective or combined reactance of any number of equal capacitive reactances connected together in 
parallel is equal to the value of one reactance divided by the number of reactances, exactly the same me-
thod used for resistances in parallel. If the capacitive reactances in parallel are not equal, we determine 
the effective or combined reactance from dividing the product by the sum, just as though the values of re-

actance were values of resistance. 
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Fig. 27-10. The test setup for measuring current in the parallel resonant circuit. 
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Fig. 27-11. How current changes in the parallel resonant circuit when applied frequency is varied. 

Of course, to have capacitive reactances in series we must have capacitances in series, for we don't 
have this kind of reactance unless there is capacitance. Also, to have capacitive reactances in parallel 
we must have capacitances in parallel. The differences between methods of computation depend entirely 
on whether you are figuring with capacitance or with capacitive reactance. Which method to use is easy 
enough to remember. If what you are working with is measured in ohms (measuring reactance), make com-
putations just as though working with resistances. If it is not measured in ohms (meaning capacitance) use 
the reverse methods. 

The last thing we need consider about capacitors in parallel and in series relates to voltages acting on 
each separate capacitor. If you look back at diagrams A and B of Fig. 27-8 it is easy to see that the volt-
age must be the same across any number of capacitors connected directly together in parallel. The values, 
of capacitances in the separate units have no effect on the voltage. With all terminals on each side con-
nected together there can be only one potential on each side, and there must be the same difference of po-
tential across the two sides and across all the capacitors. 

When capacitors are connected in series across a source of voltage we have to consider the values of 
capacitance when determining the voltage across each unit. At A in Fig. 27-9 are two equal capacitances 
in series on a 100-volt source. The total voltage always divides equally between equal capacitances. With 
any number of equal capacitances connected together in series the overall voltage will divide into equal 
parts across each unit. For instance, with i equal capacitances in series each one would be subjected to 
1/4 the overall voltage. 

At R we have unequal capacitances in series. The overall voltage divides inversely as the capacitances. 
The 25-mmfd unit has 1/4 as much capacitance as the 100-mmfd unit, so the smaller one takes 4 times as 
much voltage as the larger one. We might say this in reverse.The 100-mmfd capacitor has 4 times as much 
capacitance as the 25-mmfd capacitor, so the larger unit takes 1/1, as much voltage as the smaller one. 
Remember this: The smallest capacitance in series always gets the most voltage, and the largest series 
capacitance always gets the least voltage. 
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TUNED PLATE 
CIRCUIT 

Fig. 27-12. A series resonant coil and capacitor used as a trap in a television amplifier circuit. 

The relations between the capacitance and the voltage across a capacitor are just as true with direct 
voltages as with alternating or signal voltages. Signal voltages in radio and television receivers usually 
are too small to cause danger of capacitor breakdown. We may, however, get into trouble when using small 
series connected capacitors in plate and screen circuits where direct voltages may be quite high. 
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Fig. 27-13. Change of current in the parallel resonant circuit when its inductance is varied. 
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The safe way is to use no capacitors whose voltage ratings are not amply high for the highest voltage 
in the circuit, regardless of whether or not any of the capacitors are in serles with others. This method 
also protects remaining capacitors in the circuit in case one of them breaks down. If one of two series con-
nected capacitors should short circuit, the full voltage of the source will come on the capacitor that did 
not break down. If the voltage rating of the remaining good capacitor is not high enough to withstand full 
circuit voltage, that good unit will immediately become a bad one. 

PARALLEL RESONANT CIRCUITS. Having gotten some of the preliminaries out of the way we now may 
proceed with our line of investigation on performance of parallel resonant circuits. For the first test the 
movable core of the coil is adjusted for 2.9 microhenrys inductance and the tuning capacitor is set for 14 
mmfd capacitance, the values for resonance at a frequency of 25 mc. Then the paralleled coil and capaci-
tor are connected across the output of the signal generator as in Fig. 27-10. In series with the resonant 
circuit and the generator is a meter for measuring high-frequency current. 

As frequency is gradually increased the current decreases as shown in Fig. 27-11. At 25 mc the current 
becomes minimum, with only a small fraction of its starting value. With further increase of frequency the 
current rises, and finally becomes almost as great as at the lowest frequency. A decrease of current must 
mean that there is increase of impedance in the resonant circuit. When current is minimum the impedance 
must be maximum, at 25 mc. 

Keeping in mind what happened to current at resonance in the series resonant circuit examined earlier, 
we now may state an important difference between series resonant and parallel resonant circuits. At the 
frequency of resonance there is maximum current in the series circuit, but there is minimum current in the 
parallel circuit. Also, at the resonant frequency there is minimum impedance in the series circuit, but 
there is maximum impedance in the parallel circuit. 

Series resonant circuits are used wherever it is desired to provide a path of very small impedance for 
currents at some certain frequency while preventing or greatly opposing the flow of currents at all other 

frequencies. 

A typical use of series resonant circuits is as traps in television receivers and sometimes in radio re-
ceivers. A television trap.is shown by Fig. 27-12. The purpose is to get rid of undesired signals that in-
terfere with normal rec ption. With a series resonant circuit connected from a signal-carrying circuit to 
ground, and tuned to the frequency of an interfering signal, currents at the interference frequency will flow 
away to ground with little impedance. Desired signal currents at other frequencies meet relatively high im-
pedance in the trap and are prevented from escaping. 

Parallel resonant circuits are used where it is desired to have maximum impedance at a certain frequen-
cy. A common use for parallel resonant circuits is in the plate circuit of an amplifier tube, as shown for 
the left-hand tube in Fig. 27-12. The capacitances which tune the coil to resonance are indicated by the 

broken-line symbol. 

When studying about amplifier tubes in an earlier lesson we learned that the greater the resistance, or 
impedance, in the plate circuit the greater is the amplification. By having parallel resonant inductance and 
capacitance in the plate circuit, and tuning to resonance at the frequency to be amplified, that one fre-
quency is greatly strengthened while other frequencies are amplified only a little. 

Now for a second test on the parallel resonant circuit. We shall keep the signal generator tuned to a fre-
quency of 25 mc and keep the tuning capacitor set for 14 mmfd capacitance while moving the core inside 
the coil form. The setup is the same as shown in Fig. 27-10. Commencing with the movable core as far out 
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Fig. 27-15. Currents during one cycle in the coil and capacitor of a parallel resonant circuit when tuned to 
resonance. 

of the winding as it will go, we turn the adjusting screw until the core is moved all the way inside the 
winding. There is change of current as shown by Fig. 27-13. 

At first there is large current. As inductance is increased by moving the core farther and farther into the 
winding the current becomes smaller and smaller. At one certain position of the core there is minimum cur-
rent. Here the circuit must be tuned to resonance at the applied frequency of 25 mc. With further increase 
of inductance the current becomes greater, but not so large as in the beginning. 

At the point of minimum current the core of the tuning coil is in the position which causes inductance of 
2.9 microhenrys. This inductance, with 14 mmfd capacitance, brings about the condition of resonance at a 
frequency of 25 mc. 
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CURRENTS IN A RESONANT CIRCUIT. The reasons for changes of current which have been observed 
in a circuit containing paralleled inductance and capacitance are interesting, and the explanation is quite 
simple. First we must realize, and keep in mind, that voltage across the coil always must be the same as 
voltage across the capacitor of a parallel resonant circuit. This is true because the two ends of the coil 
are connected to the two sides of the capacitor. At the end of the coil which is connected directly to one 
side of the capacitor there can be only one potential. At the other end of the coil and other side of the 
capacitor, likewise connected together, there can be only one potential. Then the difference between these 
two potentials is across both the coil and the capacitor. 

high-frequency voltage applied from a source, such as our signal generator, causes high-frequercy cur-
rents to flow in both the coil and the capacitor. Naturally, the current in the coil must depend on coil im-
pedance and source voltage. Current in the capacitor must depend on capacitor impedance and source volt-
age. Resistances in coil and capacitor are small in comparison with inductive and capacitive reactances, 
except at resonance, so we may talk about changes of reactance as controlling the currents. 

As we have learned before, inductive reactance of the coil rises with increase of frequency. Then coil 
current must drop as frequency increases. The drop of current in the coil is shown by the curve at the top 
of Fig. 27-14. 

Capacitive reactance of the capacitor becomes less and less as frequency increases. Then current in 
the capacitor will become greater with increasing frequency. This rise of current is shown by the straight 
line at the top of Fig. 27-14. 

At any one instant the current in the coil is flowing in a direction opposite to current in the capacitor, 
if we take these currents with reference to the external circuit going to the source. That is, when current 
is flowing toward the high side of the source in the coil, the current in the capacitor is flowing away from 
the high side of the source. 

Then, so far as the external circuit is concerned, the coil current and capacitor current are flowing in 
opposite directions. But you cannot have current flowing both ways in the same conductor at the same time. 
Actual current in the external circuit, in the leads to the signal generator, is the difference between the 
coil current and the capacitor current. 

The difference between the two currents is shown by the curve at the bottom of Fig. 27-14. Compare this 
curve, arrived at by computation, with the curves of Figs. 27-11 and 27-13, which show actual measured 
currents. The only difference is that circuit resistances are affecting the measured currents, while the 
curve at the bottom of Fig. 27-14 shows only the effects of reactance, without resistance. At the frequency 
of resonance the reactive currents in coil and capacitor are equal. Their difference is zero, and there is 
no reactive current in the external circuit. At resonance the only current in the external circuit is that cor-
responding to resistance. 

Fig. 27-15 shows what is happening at resonance during one complete cycle of high-frequen9, current in 
the parallel resonant circuit. There is no current, or the least possible current in the external circuit, but 
there are large currents in both coil and capacitor. The instantaneous directions of these internal currents 
are shown by arrows alongside the symbols for coil and capacitor. Here is an explanation of each of the 
numbered diagrams. 

1. We come in at the instant in which the capacitor is fully charged in the polarity marked, and when 
there is no current flowing in either direction. 

e. 
2. The capacitor begins to discharge through the coil. The resulting current produces a magnetic field 

around the coil. Energy is going from the capacitor charge (or electric field) into the magnetic field around 
the coil. 
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3. There is maximum current and maximum magnetic field around the coil at the instant in which the cap-
acitor is fully discharged. Remember, no charge means only that electron quantities have at this instant 
become equal in the two sides of the capacitor, it does not mean that there are no electrons. Note that the 
top of the coil is shown as its magnetic north pole, and the bottom as the south pole. 

4. Current continues in the same direction, as energy coming out of the collapsing field of the coil goes 
into a new charge of the capacitor. 

5. The capacitor becomes fully charged just as the field disappears from around the coil. Since the cap-
acitor can take no more charge at the existing voltage, current stops during this unstant. This is the reason 
why there is no magnetic field around the coil, there can be no such field unless current is flowing in the 
coil. Note the electric polarity of the capacitor charge and compare it with the polarity of diagram 1. 

6. The capacitor commences to discharge, sending current through the coil to produce a new magnetic 
field. 

7. There is maximum current through both capacitor and coil, and maximum magnetic field around the 
coil at the instant in which the capacitor loses all its charge or the instant in which electron quantities 
become equal on both sides of the capacitor. Note the magnetic polarity of the coil and compare it with 
the polarity in diagram 3. 

8. Now the magnetic field is collapsing and energy is passing into a new electric field and new charge 
being formed in the capacitor. 

9. The capacitor becomes fully charged just as the magnetic field disappears. Current must stop as the 
capacitor reaches full charge. This is where we came in, as you will see by comparing this diagram with 
number 1. 

Currents in the coil and capacitor just surge back and forth between these two elements. The strength 
of this circulating current is limited only by resistance in the coil and capacitor. Were there no resistance 
at all, even the smallest voltage would cause current infinitely great, for at resonance the reactances 
neutralize each other and furnish no opposition to flow of current. 

Back in Fig. 27-14 we saw that coil current is greater than capacitor current at frequencies below reso-
nance, while at frequencies above resonance the capacitor current is greater than coil current. 

These facts are shown in another way by Fig. 27-16. At frequencies below resonance there is more coil 
current than capacitor current. Part of this coil current is that which circulates back and forth between 
coil and capacitor. The remainder of the larger coil current must flow back and forth in the line or in the 
external circuit. Since all the line current is flowing in the inductance, or the coil, the parallel resonant 
circuit acts at frequencies below resonance like an inductunce so far as the external circuit or the line is 
concerned. 

At resonance there is minimum line current, while circulating currents in coil and capacitor are equal or 
nearly so. 

At frequencies above resonance there is more capacitor current than coil current. Part of this greater 
capacitor current is that which circulates back and forth through the coil and capacitor. The remainder of 
the larger capacitor current flows also in the line. Now all the line current is flowing in the capacitor. As 
a result the parallel resonant circuit at frequencies above resonance acts like a capacitance so far as the 
external circuit is concerned. 
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Fig. 27-16. Line current and currents in the paralleled coil and capacitor at frequencies below anc above 
resonance. 

USEFUL FORMULAS. In this lesson have been mentioned many combinations of capacitance, induct-
ance, and frequencies of resonance. You might like to compute some of these relations for yourself. Some-
day you may have to do so. Here are the formulas 

159155 159.155 
Kilocycles = Megacycles = 

mmfd x microhenrys j mmfd x microhenrys 

When you wish to determine the capacitance required for resonance at a certain frequency when usine a 
given inductance it may be done as follows. 

25 330 000 000 25330 
Mmfd —   Mmfd 

kc 2 x microhenrys mc 2 x rui crohenrys 

In other cases you may wish to learn the inductance needed for resonance at a certain frequency when 
using a given capacitance. It is done with the following formulas. 

Microhenrys 
25 330 000 000 

kc2 x mmfd 

Microhenrys 
25330 

mc 2 x mmfd 

In the preceding lesson we used the oscillation constant for 1,000 kilocycles, which is 25,330. Doubt-
less you remember that an oscillation constant is a number which, divided by microhenrys inductance, 
gives the number of mmfd for resonance, and when divided by mmfd cap acitance gives the number of micro-
henrys for resonance. In other words, the oscillation constant is the product of inductance and capacitance 
for the specified frequency. You may determine the oscillation constant for any frequency with these two 
very simple formulas, one for frequency in kilocycles and the other in megacycles. 

25 330 000 000  Constant — Constant = 
kc2 

25330 

MC 2 
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LESSON NO. 28 

PHASE RELATIONS IN A-C CIRCUITS 

When you talk with television technicians they speak of phase shifts, phase angles, phase detectors, 
phase controls, phase differences, phase displacements, and talk about "phase" as familiarly as about 
voltages and currents. If we learn to talk and think the same way the remainder of our tests on resonant 
circuits and almost everything else we do with alternating voltages and currents will have much more real 
meaning. 

ID Phase really is a simple thing. It refers to the point in a cycle at which an alternating voltage or current 
has arrived at a certain instant of time. If we are considering two voltages, two currents, or a voltage and 
a current which are alternating, one of them may have progressed farther or not so far as the other one at at 
certain instant of time. Their relative positions in their cycles are described as the phase of one in relation 
to the other. In most discussions you could substitute the word "time" for the word "phase" with no great 
change in the meaning. 

Were you going to do nothing but service sound radios there would be little need for learning about phase. 
Signal voltages at the various frequencies for sound may get out of time (phase) to almost any degree and 
the human ear never will notice any resulting distortion of speech or music. But if there is any considerable 
phase shift(time shift)between television signal voltages of different frequencies there is plenty of trouble. 
Our eyes are highly sensitive to picture distortion resulting from phase shifts. 

Although changes or differences of phase (time) will cause trouble in many television circuits, such 
changes are put to very good use at other places. As just one example, the majority of automatic controls 
for horizontal sweep of the electron beam across the picture tube screen depend on phase (time) differences 
between two voltages. All in all, the time we spend in learning about phase will be regained. many times 
over in easier and quicker understanding of much of our future work. 

PHASE IN A SINE WAVE. At the top of Fig. 28-1 is a magnet between whose poles is a uniform magnetic 
field, a field in which the magnetic force is uniformly distributed. Rotating within the magnetic field is a 
conductor. The conductor cuts through the magnetic lines of force, and an emf is thus induced in the con-
ductor. Were the conductor part of a closed electric circuit there would be electron flow or current flow in 
the circuit. 

The right hand drawing of Fig. 28-1 shows an end view of the magnetic field and the rotating conductor. 
The circle around which the conductor travels may be considered as divided into 3600 (360 degrees), just 
as every other circle may be so divided. Let's assume that the conductor begins one rotation at the point 
in the circle marked 00, and also 3600 because this is both the beginning a nd the end of the circle. For 
just an instant the conductor is moving parallel with the magnetic lines rather tha n cutting through any 
of the lines. Therefore, at this instant, there is no induction of emf. 
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Fig. 28-1. How a sine wave of voltage or current is developed. 

As the conductor continues to move at constant speed it cuts through more and more magnetic lines in 
any given interval of time. Since induced emf is proportional to the rate of cutting, the emf becomes greater 
and greater until the conductor comes to the position marked 90°. Here the rate of cutting is maximum, be-
cause the conductor is moving at right angles to the magnetic lines, and there is maximum induced end. 

With continued rotation of the conductor the rate of cutting decreases, and becomes zero at the point 
marked 180°, where travel again is parallel with the magnetic lines. Accordingly, the induced emf drops to 
zero at this point. Then there is another increase in rate of cutting and proportional increase of induced 
emf while the conductor moves from 180° to 270° around the circle. This is followed by a decrease in the 
cutting rate and in the induced emf as the conductor moves on from 270° to 360°, the end of this rotation. 
All this repeats over and over again as the conductor continues its rotation. 
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The lower drawing of Fig. 28-1 shows how the induced emf increases, decreases, increases, and again 
decreases while the conductor completes one circle. This curve, like the circle traveled by the conductor, 
is marked off in degrees. From 00 to 1800 the emf is shown as acting in one direction or one pola rity, by 
drawing the curve above the horizontal zero line. From 1800 to 360° the emf is shown as of opposite 
direction or polarity, by drawing the curve below zero. This reversal of polarity occurs because, during 
the first half of the circle, the conductor moves through the magnetic lines from left to right, and during 
the second half it moves from right to left. Polarity depends on the direction of cutting in relation to the 
direction of lines of force. 

We have shown one complete cycle of alternating emf. Were the emf acting between points in an electric 
circuit this would be one cycle of alternating voltage. Were the emf to be causing electron flow or current, 
our curve could represent one cycle of alternating current. The waveform shown by this curve is called a 
sine wave. 

Any point in the cycle which has been reached by emf, voltage, or current may be specified by stating 
the number of degrees from the beginning of the cycle to that point. We may speak of the first 1800 as a 
half-cycle, and of the second 1800 as another half-cycle. Or we may call each 900 portion of the cycle a 
quarter-cycle. 

A cycle and its divisions in degrees or fractions are not related to frequency. Whether the frequency is 
60 cycles or 60 megacycles, or anything else, we still have 360 electrical degrees, four quarter-cycles, and 
two-half cycles. Neither is the cycle or its divisions related to amplitude or strength of emf, voltage, or 
current. We might show one alternating voltage by the full-line curve of Fig. 23-2, and some different volt-
age by the broken-line curve, with different amplitudes indicated by different heights of the curves. Two 
currents might be similarly indicated. 

PHASE DIFFERENCES. A phase difference is the number of electrical degrees separating similar peak 

values of two alternating electrical quantities existing together. By similar peaks we mean two adjacent 
positive peaks or two adjacent negative peaks. By alternating electrical quantities we mean two alternating 
voltages, two alternating currents, or an alternating voltage and an alternating current. 

In Fig. 28-2 the two similar peaks always occur at the saine instant of time. There is no phase difference. 
We say that the two quantities (voltages or currents or both) are "in phase". We might say also that there 
is zero phase angle between the two quantities. 

— 

SECOND 
VOLTAGE 

FIRST 
VOLTAGE 

./ 

Fig. 28-2. Two voltages which are in phase. 
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Fig. 28-3. Phase differences between two voltages, two currents, or a voltage and a current. 

At A in Fig. 28-3 there is a phase difference of 900. There is separation, in time, of 90° between each 
pair of positive peaks and between each pair of negative peaks. Since 900 equals a quarter-cycle there is a 
phase difference of a quarter-cycle. 

Curves such as we are looking at always refer to time. Time is assumed to increase from left to right 
along the curves. Anything shown toward the left occurs before anything shown toward its right, or any value 
shown toward the left on a curve is occuring earlier than whatever is toward the right. The electrical quan-
tity (voltage or current) represented by the full-line curve at A in Fig. 28-3'is going through all its changes 
before the similar changes of the quantity represented by the broken-line curve. Then we say that the quan-
tity shown by the full-line curve is "leading" the one shown by the broken-line curve. We might say just 
as correctly that the quantity shown by the broken line curve is "lagging" the other quantity, because all 
its changes occur later than similar changes of the quantity shown by the full-line curve. 

In diagram B we again have a phase difference of 90°. Here the quantity shown by the broken-line curve 
leads the other quantity by 90°, and the one shown by the full-line curve lags by 900. Assume that the full-
line curves represent an alternating voltage while the broken-line curves represent the current in the same 
circuit. Then in diagram A the voltage leads the current and the current lags the voltage. In diagram B the 
current leads the voltage and the voltage lags the current. 

Diagram C shows a phase difference of 450 between the two quantities. Note that in diagrams A, B, and 
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Fig. 28-4. Phase shift occurring between input and output of an amplifier. 
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Fig. 28-5. Alternating voltage and current in a capacitance. 
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C there is the same phase difference between instants at which the two quantities go through zero values 
as there is between the instants at which they go through peak values. 

At D we have a phase difference of 1800. Since this is a half-cycle we might speak of a phase difference 
of a half-cycle. Positive peaks of one quantity always occur at the same instant of time as negative peaks 
of the other quantity. Consequently, the two quantities are said to be in "opposite phase". 

In every case which has been shown by Fig. 28-3 the two electrical quantities are "out of phase". When-
ever there is a phase difference between two quantities, no matter what its value, the two quantities are 
out of phase. The only instances in which the quantities are not out of phase is when they are "in phase", 
as shown by Fig. 28-2. 

When we talk about a phase difference we ordinarily refer to what is happening to two electrical quantities 
existing together at the same point in a circuit. We might be referring to voltage and accompanying current 
at the input to an amplifier, or at the output. But sometimes the phase of two quantities at the output of an 
amplifier or other circuit is not the same as at the input to the same amplifier or circuit. 

As an example, Fig. 28-4 shows voltage and current in phase at the input to an amplifier. In the output 
from this amplifier the current lags the voltage, or the voltage leads the current. This is one of the difficul-
ties which designers, and service technicians, have to contend with in television video amplifiers and in 
other parts. This kind of change in phase is called a phase shift rather than a phase difference. The phase 
of the current has shifted with reference to phase of voltage, or voltage has shifted with reference to cur-
rent, as the signal goes through the amplifier. 

ALTERNATING VOLTAGE AND CURRENT IN A CAPACITOR. Now we are going to go through a com-
plete explanation of something which is decidedly interesting, but of which you need remember only the 
final result. The explanation is necessary because, without it, you never would believe the final result to 
be possible. What we are about to prove is this: In a capacitance with which is associated neither resist-
ance nor inductance the current always leads the voltage by 90°. Think of it; changes of current which 
result from an alternating voltage occur a quarter-cycle before the changes of voltage. It doesn't sound 
reasonable, yet it is true. 

Here vt e go for the explanation. The following numbered paragraphs refer to similarly numbered diagrams 
of Fig. 28-5. The voltage being shown is that being applied from the source. Current is that flowing out 
from and back toward the source, it is the charging and discharging current of the capacitor. 

1. A capacitance or capacitor, shown by its symbol, is connected to a source of alternating voltage and 
current. The source is represented by a circle enclosing a sine wave. This is a standard symbol for 
any kind of a-c source. 

2. We enter the circuit at an instant in which the capacitor is uncharged, and in which the alternating 
applied voltage is commencing to increase from zero in a positive direction. The capacitor now has no 
voltage of its own with which to oppose the applied voltage, and is assumed to have no resistance. 
Consequently, the least bit of voltage from the source causes a very great rate of electron flow in the 

capacitor plates, it causes maximum current. Then for a starting point we show the voltage at zero 
and the current at maximum. 

3. During the first quarter-cycle the voltage rises to its maximum while the capacitor is charging. While 
the capacitor is charging there is an increasing potential difference between its plates. This potential 
difference between its plates. This potential difference or voltage of the capacitor opposes the applied 
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voltage. It is only the difference between applied voltage and capacitor voltage that is acting to carry 
on the charging. As the difference becomes less, with increasing charge, there must be a decreasing 
rate of charge or decreasing charging current. So we show current decreasing as applied voltage rises. 
When applied voltage reaches its peak the capacitor voltage immediately comes up to an equal value. 
Then there is no difference of voltage to continue the charge, charging current stops, and we have zero 
current at the time of maximum voltage. 

4. These two curves begin where the preceding ones left off, with maximum voltage and zero current. 
During this second quarter-cycle the applied voltage drops from maximum to zero. As applied voltage 
drops, it leaves more voltage on the capacitor pla tes than from the source, and the capacitor commences 
to discharge. The rate of discharge, which is the current, becomes greater and greater, and reaches its 
maximum at the instant in which applied voltage goes to zero. As a result of all this we must show 
current increasing from zero to maximum while applied voltage goes from maximum to zero. 

5. Putting together the changes of applied voltage and of current shown by diagrams 3 and 4 completes 
our curves for the first half-cycle, and here they are. Applied voltage has changed from zero to maxi-
mum to zero. The capacitor has charged and discharged. 

6. Here we begin the second half-cycle, with zero voltage, maximum current, and the capacitor discharged 
— as at the end of diagram 4. What happens now is really exactly the same as described in connection 
with diagram 3, except that the polarities of voltage and current are reversed. We are working now with 
the voltage going from zero to maximum negative while the capacitor is charged. Of course, the charge 
on the capacitor also is reversed, the plate formerly made positive now is made negative, and the one 
formerly made negative now become.= positive. 

7. We continue the action where it ended in the preceding diagram. Except for reversals of polarity we 
have here the same performance witnessed in diagram 4. Applied voltage goes from maximum negative 
back to zero, and current goes from zero to maximum as the capacitor discharges. At the end of the 
action of this diagram we are right back where we began in diagrams 2 and 3, with zero applied voltage, 
a discharged capacitor, and maximum current. We have completed one cycle. 

«Mu 
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6 1 7 

900 >I 

CAPACITOR 
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Fig. 28-6. In a capacitance the current leads the voltage. 
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Fig. 28-7. Alternating voltage and current in an inductance. 

The cycle is shown all put together at the beginning of Fig. 28-6, where the first four quarter-cycles are 
the same as explained in connection with diagrams 3, 4, 6, and 7 of the preceding figure. This cycle is fol-
lowed by any number of others just like it. Always the current is ahead of the voltage by 90°, current always 
leads the voltage by 90° or a quarter-cycle in a circuit containing only capacitance. 

ALTERNATING VOLTAGE AND CURRENT IN AN INDUCTOR. Supposing someone were to ask you to 
state the phase relation between voltage and current in an inductance or inductor assumed to have no resis-
tance. The chances are that you would give the correct answer. You would recall that inductance and capac-
itance always act oppositely, you now know the phase relation of voltage and current in a capacitance, and 
you wouldsay that currentlags the voltage by 90° in a resistance-less inductor. This, of course, is correct. 

Doubtless you would like to know exactly why the current lags the voltage in an inductance. The explan-
ation will help toward a better understanding of alternating voltages and currents in general, although there 
is no real need to remember all the steps we shall go through in arriving at the conclusion. You must, how-
ever, never forget the final conclusion, that current really does lag the voltage by a quarter-cycle in an ideal 
inductance having no resistance. 

The following numbered paragraphs refer to the numbered diagrams of Fig. 28-7. In these examinations 
we shall be talking about the counter-emf which results from electromagnetic induction, as well as about the 
voltage applied from the source. This is because what happens to counter-emf is easily determined, and 
that tells us what the current must be doing. A review of the lessons on magnets and on induction will re-
fresh your memory on the subject of counter-emf. 
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I. The a-c source and the inductance, shown by symbols, are connected in series. 

2. Vie come into the circuitat an instant in which applied vol:age is of maximum positive value, and follow 
the first quarter-cycle during which this applied voltage drops to zero. This voltage causes a current 
of changing value to flow in the inductor. The changing current produces a changing magnetic field 
around the inductor, and the changing magnetic field induces a counter-emf in the inductor. A counter-
emf always is nearly equal in strength to the applied voltage, but is of opposite polarity — it opposes 
the applied voltage. Consequently, during this quarter-cycle we must show the counter-emf as changing 
from its maximum negative value to zero. 

3. Now to determine what the current is doing in this first quarter-cycle. We know that the strength of the 
counter-emf must be proportional to the rate of change of current and of magnetic field, so we know 
that current must be changing at a rate which will induce the kind of counter-emf existing in the circuit. 
The question becomes, when or where will there be the maximum rate of current change, and where will 
the rate of change be least? 

The rate of change must be maximum just after current commences to increase from zero. Here is the 
reason: As current changes from 1 per cent to 10 per cent of its full value during a certain period the rate 
of change is 10 times. With equal increase from 10 to 20 per cent during a like period the rate of change is 
only 2 to 1, the current has merely doubled. In the next like period an equal change from 20 to 30 per cent 
is a rate of change of only 11/2 to 1, and so it goes with a decreasing rate of change. Accordingly, the rate 
of change must be maximum when current commences at zero, which is the instant in which applied voltage 
and counter-emf are maximum. Then current during the first quarter-cycle must be shown increasing from 
zero to maximum positive, as in the diagram. 

4. 5. Now for the second quarter-cycle, in which applied voltage goes from zero to maximum negative. 
Counter-emf must go at the saine time from zero to maximum positive. Again we have the question, what 
kind of current change will induce this particular counter-emf? According to the previous explanation 
of where the rate of current change is greatest and least we have maximum rate of change when the 
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Fig. 28-8. Current lags the voltage in an inductauce. 
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Fig. 28-9. Phase relations at frequencies below and above resonance. 
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current is zero or approaching zero, and the minimum rate of change when current is maximum and has 
ceased to increase. Then the current curve for this second quarter-cycle must be shown as going from 
maximum positive to zero. 

Fig. 28-10. Resistance alters the angle of lag or lead. 
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6. Putting together the curves for applied voltage and current in the first two quarter-cycles gives these 
curves for the first half-cycle. We may neglect the counter-emf. Applied voltage has changed from max-
imum positive through zero to maximum negative, while current has changed from zero to maximum pos-
itive and back to zero. 

7. Now we begin the second half-cycle with applied voltage and current where we left them at the end of 
the action in diagrams 5 and 6. The action is just the same as in diagram 2 except that polarities of 
applied voltage and counter-emf are reversed. Applied voltage goes from maximum negative to zero, 
and counter-emf from maximum positive to zero. 

8. Here the action is the same as explained for diagram 3 except for reversed polarities. While applied 
voltage goes from maximum negative to zero, current goes from zero to maximum negative. 

9. The same as diagram 4, except for reversed polarities. 

10. The same as diagram 5, except for reversed polarities. At the end of the actions shown here we are 
back at the start of the whole thing in diagram 2. We have completed one cycle of applied voltage and 
current for the inductance. 

At the left in Fig. 28-8 are traced the applied voltage E.nd current during the cycle whose quarters we 
examined in diagrams 3, 5, 8, and 10 of the preceding figure. Toward the right are the changes of applied 
voltage and accompanying current occuring in following cycles. Current in the resistance-less inductance 
always lags the applied voltage by 900. Over at the right is traced one cycle of counter-emf. This emf al-
ways is in opposite phase to the applied voltage. Incidentally, another way of saying "in opposite phase" 
is to say "in phase opposition", which means the same thing. 

ALTERNATING CURRENT AND VOLTAGE IN RESISTANCE. Supposing we have a circuit in which there 
is only resistance, with neither capacitance or inductance in any appreciable amount — then what is the 
phase relation between alternating voltage and accompanying current? 

In a pure resistance there is none of the opposing voltage that builds up in a capacitance. Neither is 
there any of the counter-emf that opposes applied voltage in an inductance. As a result, the current and volt-
age always remain in phase for any circuit in which there is nothing but resistance or in which capacitance 
and inductance, or both, are negligible. There is nothing more to the story of the effect of resistance on 
phase relation of alternating voltage and current, they simply remain in phase. 

ALTERNATING CURRENT AND VOLTAGE AT RESONANCE. If a circuit contains such values of capac-
itance and inductance as are resonant at the applied frequency what is the phase relation of the alternating 
voltage and current? You can hardly help but know the correct answer to this one. Current and voltage are 
in phase. 

Atresonance, as you well know, the reactive effect of the capacitance is exactly balanced by the reactive 
effect of the inductance. The capacitance tries to make current lead the voltage by 90°. The inductance tries 
to make current lag the voltage by 90°. The net result is neither lead nor lag, the current stays right in phase 
with the applied alternating voltage — at resonance. 

Here is a question that may not be quite so easy, although previously you have been shown every separate 
fact that contributes to a correct answer. What is the correct phase relation of current and voltage in a ser-
ies resonant circuit at frequencies below resonance? The answer is shown at A in Fig. 28-9. Here are the 
facts which combine to give the answer. At frequencies below resonance the capacitive reactance exceeds 
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and cancels the lower inductive reactance, in ohms. Therefore, the source sees the remaining capacitive 
reactance and the circuit acts as though composed chiefly of capacitance. In a capacitance the current 
leads the voltage, so that is the answer. 

What is the phase relation in a series resonant circuit at frequencies above resonance? Of course, you 
surmise that the answer is opposite to that for frequencies below resonance, which is correct, as shown at 
B. Inductive reactance exceeds capacitive reactance, the circuit acts as though composed mostly of induc-
tance, and in an inductance the current lags the voltage. 

%hat about the phase relation in a parallel resonant circuit at frequencies below or above resonance? 
Below resonance, as at C in Fig. 28-9, most of the current from the source flows through the inductance 
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Fig. 28-11. Relations between circuit resistance and the angle of lag or lead. 
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Fig. 28-13. Reasons why currents cancel 
at resonance in a parallel resonant circuit. 

because inductive reactance is less than capacitive reactance at such frequencies. Since this current is 
supplied by the source, the capacitive effect is negligible and the circuit acts inductive. Current lags volt-
age in an inductance, and this is the answer for frequencies below resonance. Above resonance most of the 
current flows in the capacitance, because at the higher frequencies the capacitive reactance is less than 
the inductive reactance. Then the circuit acts like a capacitance, in which current leads the voltage. 

1t,e are explaining these matters of phase relations in resonant circuits so that you can have a good idea 
of the important part they play in our work with television receivers later on. Remember all you can about 
these phase relations, and remember too where to find this information when you wish to come back for it. 
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RESISTANCE EFFECT ON LAG AND LEAD. We have learned that in a pure capacitance the current will 
lead the voltage by 90°, and that in a pure resistance there is no lead, the current is in phase with the volt-
age. What will happen if we have both capacitance and resistance in the same circuit, as at A or B of Fig. 
28-10? It is rather obvious that the current will lead the voltage, but by something between zero and 90°. 

The actual lead of the current, in electrical degrees, will depend on the relation between capacitance 
and resistance. If we wish to determine the actual number of degrees of lead it is necessary to figure out 
the capacitive reactance in ohms, then divide by the resistance in ohms. 

Fig. 28-11 allows determining the number of degrees of lead for any ratio of reactance to resistance 
between zero and 3.5. Supposing the capacitive reactance is 500 ohms and the resistance is 1,000 ohms. 
Dividing 500 by 1,000 gives 0.5. Following along the line for 0.5 to the curve of Fig. 28-11, thence down-
ward to the scale for angles, shows that the current will lead the voltage by a little more than 26°. Again, 
supposing capacitive reactance is 5,200 ohms and resistance is 2,000 ohms, which is a ratio of 2.6. The 
angle of lead for this ratio is shown by the graph to be about 69°. We know the phase difference is a lead 
of current, not a lag, because we have capacitance, not inductance. 

The same method and same graph are used for determining the angle of lag when we have inductance and 
resistance in the same circuit, as at C and D of Fig. 28-10. We then divide the inductive reactance by the 
resistance, both in ohms, and use the ratio to find the angle of lag. There will be lag rather than tead of 
current because we are dealing with inductance. 

The graph of Fig. 28-11 illustrates two things of importance. First, the greater the resistance in compar-
ison with capacitive or inductive reactance the more nearly the current and voltage will be in phase, and 
the greater the reactance compared with resistance the greater will be the phase difference. The second 
matter of importance is that the phase difference varies with frequency. It varies with frequency because 
we use the ratio of reactance to resistance, and reactance varies with frequency. 

If you have capacitance and resistance in the same circuit, the capacitive reactance will decrease as 
frequency increases. Then the ratio of reactance to resistance becomes less, and there is a smaller angle 
of current lead — as you can see from the graph. Increase of frequency in a circuit having capacitance and 
resistance will bring the current more nearly into phase with the voltage. 

With inductance and resistance in the same circuit, the inductive reactance will increase as frequency 
rises. Then the ratio of reactance to resistance becomes greater, and there is a larger angle of current lag. 
When frequency increases in a circuit having inductance and resistance the current will get farther out of 
phase with the voltage. It seems never to fail that capacitance and inductance have opposite effects. 

PHASE EFFECTS IN RESONANT CIRCUITS. The results of almost all tests which we previously made 
on resonant circuits are explained by the facts that inductance makes current lag the voltage, while capac-
itance makes the current lead. There is no need to go back over every one of those tests and show how 
phase relations account for the results, but one or two examples will be instructive. 

Being able to follow an explanation based on phase relations will be of help when you work from televi-
sion service instructions issued by many manufacturers of receivers. In those instructions it is taken for 
granted that you are familiar with phase relations between voltages and currents as these relations are af-
fected by inductance, capacitance, and resistance. The instructions will tell you why some certain circuit 
works as it does, and why adjustments are made in certain ways. But you are presumed to understand the 
ordinary language of television and radio, in which, phase is one of the most familiar words. 
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Fig. 28-14. Emf's and electron flows with series transformers connected correctly (left) and incorrectly (right). 

For one of our examples we shall determine why voltage is minimum and current maximum in a series 
resonant circuit at resonance. The explanation depends on the fact that current is the same in both the 
inductance and the capacitance of any series resonant circuit — it is, in fact, the same current that flows in 
both parts. Only the voltages across the inductance and capacitance may differ. Therefore, for the series 
resonant circuit, we may show only variations of voltage phase with reference to a current of fixed phase. 

At A in Fig. 28-12 is a curve representing the single current that flows in both the inductor and the capac-
itor. At B we have added the curve representing voltage across the inductor. Current lags the voltage, or 
voltage leads the current by 90°. At C is the curve representing voltage across the capacitor, along with 
the original curve for current. Current leads the capacitor voltage, or capacitor voltage lags the current, by 
90°. 

AtD we have the curves for inductor voltage, marked EL, and for capacitor voltage, marked Ec, by them-
selves. The phase relation between these two voltages is the same as in the separate preceding diagrams. 
Vertical lines numbered from I to 7 each denote an instant of time which is the same through all the curves. 
The two voltages are in opposite phase, or 1800 out of phase. They also are of equal amplitude. Conse-
quently, the two voltages cancel out to leave zero voltage drop across the series resonant circuit at reso-
nance. If there is no drop of voltage there must be no reactance to oppose the flow of current, and current 
becomes maximum. This, we know, is just what would happen at resonance if it were possible to construct 
a eircuit where there is no resistance. 
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LINE 

Fig. 28-15. Transformer secondaries connected in parallel on a load. 

In any practical series resonant circuit there must be more or less resistance in addition to the react - 
ances in the inductance and capacitance. When there is resistance, the phase difference between current and 
voltages cannot be 90° in either one, it must be something less. Then the two voltages do not completely 
cancel each other, there is remaining net voltage whose value depends on the amount of resistance. Then 
current must be something less than maximum, for flow of current is being opposed by the remaining resist-
ance. By using such helps as the graph of Fig. 28-11 we could figure out the current and the two voltages 
for any combination of inductance, capacitance, resistance, and frequency 

Now let's see how phase relations affect performance of a parallel resonant circuit. In such a circuit, at 
resonance, the voltage across the circuit is maximum while current from the source through the resonant 
circuit is minimum. We must remember, as a basis for the following explanation, that voltages across the 
inductance and across the capacitance are equal in a parallel resonant circuit. Really there is only one 
voltage. It exists between the points where the parallel connection is made. 

At A in Fig. 28-13 is a curve representing the single voltage across the parallel resonant circuit. Ac-
companying this single voltage we may have, and will have, different currents in the inductance and capac-
itance. The currents may change in a parallel resonant circuit, but not the voltage. 

At B is shown the curve for inductor current, along with the original curve for voltage. Inductor current 
lags the voltage by 900, or the voltage leads the current by 90°. At C is a curve for capacitor current, in 
addition to the curve for voltage. Capacitor current leads the voltage, or voltage lags this current, by 900. 
At!) we have the two current curves by themselves. Time relations or phase relations have been preserved, 
as you will see along the time lines numbered from 1 to 7. 

Capacitor current, identified as 1c, and inductor current, 11, are equal and opposite. They are in opposite 
phase, or 1800 out of phase. Then the currents cancel each other, and there is no current at all from the 
source through the parallel resonant circuit at resonance. If there can be no current from the source there 
must be infinitely great impedance in this circuit. Across an infinite impedance there would be exerted the 
full voltage of the source. Therefore, we have maximum voltage and minimum current. 

Again we have been assuming a circuit in which there is no resistance, only inductance and capacitance. 
Since there must be some resistance in the inductance and capacitance in any practical circuit, the currents 
will not be a full 90° out of phase with the voltage in each and they will not be in phase oppositiGn with 
each other. Sorne current still will flow from the source. With a current flow there cannot be infinite imped-
ance. So, in a practical parallel resonant circuit, there will be very great impedance, but not infinite, and 
there will be very little current, but not zero current. 
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TRANSFORMERS IN SERIES AND IN PARALLEL. Sometimes the secondary windings of two or more 
transformers are connected in series with one another in order that the sum of their voltages may be applied 
to a load. Such a connection is shown made correctly at the left in Fig. 28-14, and incorrectly at the right. 
First we shall look at the correct connections. 

The two primary windings are connected to the power line. We may assume that alternating potential dif-
ferences from the two secondary terminals of the upper transformer are as shown at A. and B, with reference 
to center tap, and from the secondary terminals of the lower transformer are as at C and D, with reference to 
its center tap. Peak voltages during the first half-cycle lie on the vertical line marked I, which represents 
a certain instant of time. Peaks for the second half-cycle occur at the instant indicated by time line number 
2. Directions of electron flows during these two instants are shown by arrows on the respective time lines. 

Electron flows within the secondary windings are from positive to negative, which is the direction in 
which the emf acts inside any kind of source. Between the windings the electron flows are from negative to 
positive, which is the direction of electron flow in any circuit external to a source. All the directions are 
downward during instant 1, which means there will be electron flow through the source in the corresponding 
direction. Note that emf's in the two windings are in the same direction, so they add their two forces so far 
as the load circuit is concerned. 

During instant 2 there is reversal of the emf's being induced in the secondary windings, and reversal of 
electron flow in the entire circuit, including the load. Again the two emf's add their forces. 

In the right-hand diagram the connections between the lower primary winding and the line have been re-
versed. This reverses the emf's in the lower secondary winding during both the time instants. These emf's 
now oppose those induced in the upper winding, where the primary has not been changed on the line. If the 
emf's or voltages of the two secondaries are equal there will be a balance of forces, and no electron flow 
in the load circuit nor anywhere else. 

How can you tell when the two secondary windings are correctly "phased"? Simply connect an a-c volt-
meter of suitable range across *he load. Try reversing one primary, but not both. The connection giving high-
er voltage on the load is correct. Exactly the same things would result from reversing the connections on 
the two terminals of either secondary. If you reverse the connections to both secondaries, or to both pri-
maries, there will be no change in load voltage because phases have been reversed in both transformers. 

Two transformer secondaries sometimes are connected together in parallel, to furnish more load current 
than either winding could deliver by itself. Such a connection is shown by Fig. 28-15. Phasing is checked 
by testing the load voltage with an a-c voltmeter and reversing connections to one primary or one secondary 
winding until the higher of two load voltages is shown by the meter. 

In case you should make a parallel connection of two transformers to a single load there are certain pre-
cautions which must be observed if the transformers are not to be burned out. Voltage ratings of the two 
transformers must be alike. Otherwise one of them will pump electrons through the other as well as through 
the load. The two transformers must have the same turns ratios and same ratio of secondary to primary im-
pedance. They should have the same or nearly the same voltage regulation. It adds up to this: paralleled 
transformers should be identically alike. 

When connecting two transformer secondaries in series it is necessary to make sure the current output 
won't exceed the current rating of either unit, and to be certain that the higher voltage won't exceed the 
ability of insulation to withstand it in either transformer. 

Now we shall leave the subject of phase for a while. But don't forget, whenever you work with two or more 
alternating voltages or currents the results of your work will depend to a great extent on the phase relations 
which may be involved. 
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In receivers for television and also in those for sound alone we find these major divisions or sections. 
In a television receiver there are all ten sections. In a sound receiver there are five of them. 

Name of Section 
Radio-frequency, or tuner 
Video i-f amplifier 
Sound i-f amplifier 
Video detector 
Sound detector 
Video amplifier 
Audio-frequency amplifier 
Synchronizing section 
Sweep section 
Power supply 

Kind of Receiver In Which Used 
* Television * Sound 
* Television 
* Television * Sound 
* Television 
* Television * Sound 
Television 
Television Sound 
Television 
* Television 
Television Sound 

Six of the television receiver sections are marked with stars, and three of the sound receiver sections 
are similarly marked. In each of these starred sections there are from one to five adjustable capacitors or 
adjustable inductors which tune the circuits to resonance. Some of these adjustments are used only during 
servicing. Others are continually used by the operator. There are adjustable or variable tuning adjustments 
of one kind or another in sixty per cent of the majordivisions of every receiver. Without any doubt, tuning 
is of real importance. 

In every tuned circuit there are three electrical elements; capacitance, inductance, and resistance. Capac-
itance acts electrically in almost exactly the same way as the spring in Fig. 29-1 acts mechanically. The 
spring is supporting a weight, which acts mechanically in the same way that inductance acts electrically. 
Resistance to flexing of molecules in the spring, and to movement of the weight through air, acts like elec-
trical resistance in a circuit. 

Over toward the right are a tuning capacitor, a tuning inductor or coil, and a resistor. The whole picture 
shows a mechanically resonant circuit. It would be interesting for you to fix up an equivalent mechanitally 
resonant circuit by hanging any kind of weight on the end of a rubber band. 

Pull down on the weight, then let it go. The weight bobs up and down as the spring, or rubber band, con-
tracts and expands. Energy is passing back and forth between the weight and the spring. When the spring is 
stretched, all the energy of the system is momentarily stored in the spring, and this energy will be used to 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 29 — Page 2 

Fig. 29-1. A mechanically resonant system and the parts of an electrically resonant system. 

raise the weight. When the weight is at its highest point all the energy is in the weight, because of its el-
evated position. This energy will be used to stretch the spring when the weight falls downward. The weight 
and the spring will come to rest when all the energy has been used up on overcoming mechanical resistance. 

When the capacitor is charged, all the electrical energy is in the electric field between plates of the 
capacitor. As the capacitor discharges through the coil, the energy is carried by moving electrons from the 
capacitor over to the coil, and there the energy reappears as a magnetic field around the coil. Then the mag-
netic field collapses, induces emf and current in the coil, and energy goes back to the capacitor where it 
builds up another electric field. Energy finally will stop oscillating back and forth between the two fields 
when all of it has been used up in overcoming circuit resistance and other losses. 

If you use a longer spring, or more capacitance, the movements recur less rapidly. You have lowered the 
resonae frequency. Using a heavier weight, or more inductance, will have the same effect of lowering the 
resonant frequency. If you use a shorter spring, or a shorter rubber band, the up and down swine will occur 
more rapidly; you have increased the frequency. The same thing happens with less capacitance. 

Now set the weight to bobbing up and down, Every time the weight is all the way down, and starting back 
upward, give it an upward tap with the end of a pencil. Get your pencil taps in time or in phase with natural 
movement of the weight. It takes only very light taps to keep the oscillations going indefinitely, and with 
slightly stronger taps you can greatly increase the amplitude of the oscillations. 

You and the pencil are the applied frequency, or represent signal energy at the applied frequency. If the 
frequency of your tapping is exactly the same as the natural resonant frequency of weight and spring, the 
oscillations are maintained or increased in amplitude. But change the rate of tapping to some different fre-
quency.Now you are out of tune, out of phase, or out of resonance with the spring and weight. Oscillations 
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Fig. 29-2. A three-gang tuning capacitor and a two-gang unit. 

are reduced or stopped. If your tapping is energetic enough you can force the mechanical system to work at 
a frequency different from that at which it is naturally resonant. 

Exactly similar things happen, electrically, when an applied voltage is at a frequency which is the same 
as or different from the frequency at which a capacitor and inductor are resonant. 

You may experiment with resistance by fixing a strip of cardboard so that the weight rubs as it moves up 
and down. Friction between weight and cardboard is like electrical resistance, which is due to friction be-
tween electrons and atoms. The greater the friction (resistance) the less becomes the amplitude of motion 
(or of voltage and current). 

Our mechanical model shows the effects of capacitance (resilience), of inductance (weight, mass, or in-
ertia), of resistance (friction), and of frequency. And this is the story of resonance. 

Fig. 29-3. Dual type variable capacitor. Capacitance in each section is maximum at 15 mmfd. 
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VARIABLE CAPACITORS WITH AIR DIELECTRIC. In earlier lessons we have looked at a number of var-
iable tuning capacitors having air for the dielectric between plates. This general type of construction is il-
lustrated by the two units of Fig. 29-2. The movable plates, rotor plates, are mounted on a shaft which is 
turned by the tuning dial or knob to bring greater or smaller areas of the rotor plates and stationary ( stator) 
plates opposite one another with the air dielectric between them. Thus the effective capacitance is varied. 

The unit at the left in the picture is a 3-gang capacitor with three sets of rotors and three sets of stators 
which allow simultaneous tuning of three different circuits as the three rotor groups are moved together on 
the single shaft. At the right is a 2-gang capacitor with two sets of each kind of plates, for simultaneous 
tuning of two different circuits. 

Both kinds of plates are made of sheet brass, aluminum, or rust-proofed steel. The rotor plates are welded, 
brazes, soldered, or securely clamped on the shaft. The stators are similarly fastened to metallic end sup-
ports which electrically join all the plates into a single unit. The stator unit or units are supported on the 
capacitor frame by one or more pieces of solid insulating material. Fig. 29-3 is a picture of a small-capaci-
tance 2-gang or dual variable capacitor in which the two stator groups are carried by a long piece of stea-
tite insulation extending between the two end frames. 

In a well designed capacitor the insulating supports are nottoo close to the edges of the plates nor to the 
outer ends of the groups of plates. At these points the electric field extends for some distance beyond the 
plates, and if the field passes through much insulation we have the effect of a partial solid dielectric in 
which energy losses are greater than in air. There should be a reasonably long distance along the insula-
tion surface between nearest points of stator and rotor elements, in order to prevent electrical leakage. In-

lation preferably is of a material having low dielectric constant. 

The stators of any tuning capacitor should be connected to the grid side or plate side of the tuned cir-
cuits. This usually is called the high side of the circuit. The rotor side of the capacitor is connected to 
chassis ground, to B-minus, or any point not leading directly to grids or plates. Then the rotor shaft, which 
may be closely approached by the operator's hand, is on the relatively insensitive side of the tuned circuit, 
and tuning will be little affected. 

Ci In every capacitor there is at least some small loss or waste of signal energy. For example, at very high 
frequencies most of the current flowing into and out of the capacitor tends to travel only on the surfaces 
rather than being distributed uniformly through the metal. This is called skin effect, because curent travels 
in the "skin" of the metal. The result is increased resistance, because all the current flows in only a lim-
ited cross sectional area of conductor. Also, if magnetic fields cut through the capacitor plates there is in-
duction of "eddy currents" which circulate in the metal and cause energy loss due to resistance of the 

metal opposing flow of these currents. 

EVW 
SERIES 

RESISTANCE LIV\i",inj 

PARALLEL RESISTANCE 

Fig. 29-4. Energy losses in capacitors may be represented as equivalent resistances. 
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Fig. 29-5. Small variable capacitors having semi-circular plates. 

The two losses mentioned, and any others which would or could cause heating, have the same effect as 
resistance in series with the capacitor, as represented at the left in Fig. 29-4. Their effect is called equi-
valent series resistance, of a number of ohms which would cause the same loss were the capacitor itself 
electrically perfect. 

Leakage across the insulation, and other losses which allow current to flow right through the capacitor 
instead of charging it, act like a resistance in parallel with the capacitor, as at the right in Fig. 29-4. The 
effect is called equivalent parallel resistance, and it too may be measured in ohms. 
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Fig. 29-6. Relations between shaft rotation and change of tuned frequency with capacitor 
plates of three shapes. 
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The variation between minimum and maximum capacitance of a tuning capacitor has to be much greater 
than the desired change between highest and lowest tuned frequencies. This is explained by the formula 
for tuning capacitance, of which one form is as follows. 

25 330  
Micro-microfarads = megacycles 2 x microhenrys inductance 

If you assume any two frequencies which are to be tuned by use of the same inductance, and figure out 
the required capacitances, you will find that the change of capacitance must be equal to the square of the 
change of frequency. For instance, a 3-to-1 change of frequency calls for a 9-to-1 change of capacitance. 

The square of 3 is 9. 

Actually the variation of tuning capacitance must be even greater than the square of the change in fre-
quency.This comes about because there is a very considerable fixed capacitance, consisting of distributed 
capacitance in inductors, stray capacitance of wiring, and internal capacitances of tubes. 

Supposing you have a tuning capacitor variable from 30 to 300 mmfd. This is a change of 10 to 1. But the 
total fixed capacitance maybe 30 mmfd. Then the actual minimum capacitance is the sum of the fixed cap-
acitance and the capacitor minimum, which comes to 60 mmfd. Maximum capacitance is the sum of fixed 
capacitance and maximum capacitance of the capacitor, a total of 330 mmfd. Now the total variation, 60 to 
330 mmfd, is only 51/2 to 1. Without any fixed capacitance the variable capacitor would have tuned a frequen-
cy range of 3.16 to 1 in megacycles or kilocycles. Adding the fixed capacitance brings the tuning range 
down to 2.35 to 1. Watch this when you buy tuning capacitors for replacement or when designing a circuit, 

get as much capacitance variation as is possible. 

The less the maximum capacitance of a tuning capacitor the greater is its minimum capacitance as a frac-
tion of the maximum value. Around 300 mmfd maximum you can get minimums as low as 13 to 15 mmfd, a 
ratio of about 20 to 1.With a maximum of 30 mmfd the minimum hardly ever will be less than 6 mmfd, a ratio 

of 5 to 1. 

When tuning with a variable capacitor, the manner in which the resonant frequency is changed in relation 
to rotation of the capacitor shaft depends on the shapes of stator and rotor plates. In the two capacitors of 
Fig. 29-5 the stators and rotors are semi-circular, they are the shape of half-circles. Capacitors with such 
plates may be called straight line capacitance types, because their capacitance changes uniformly with ro-

tation of the shaft. 

STRAIGHT LINE 
FREQUENCY 

STRAIGHT LINE 

CAPACITANCE 

Fig. 29-7. Straight line frequency plates would occupy much space. 
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Fig. 29-8. Stator plates and rotor plates of a modified straight line frequency tuning capacitor. 

When a capacitor of the straight line capacitance type is used for tuning, the relation between shaft ro-
tation and change of frequency is as shown by the curve marked C in Fig. 29-6. With the rotor shaft turned 
through the first 50 per cent of its travel the frequency has changed by only 16 per cent. With the remaining 
50 per cent of shaft rotation the frequency changes by 84 per cent of its total change. Broadcast frequen-
cies would be far apart on the tuning dial during the first part of the r,,t tion, and would be jammed closely 
together during the final part. Capacitors having plates of this type are used in testing and measuring in-
struments, and for auxiliary tuning in some receivers, but not in ordinary.broadcast receivers. 

The ideal broadcast receiver capacitor would cause spacing of frequencies uniformly all across the tuning 
dial. The relation between shaft rotation and frequency would be as shown by the straight line marked F in 
Fig. 29-6. A capacitor of this kind would be called a straight line frequency type. Its plates would have to 
be of the general proportions shown at the top in Fig. 29-7, as compared with the straight line capacitance 
plates shown down below. The straight line frequency capacitor would take up too much space to be prac-
tical in modern receivers. 

(Lb Most of the broadcast tuning capacitors are of a modified straight line frequency type which provide a re-
lation between shaft rotation and frequency change about as shown by the curve marked hi in Fig. 29-6. Fre-
quencies are somewhat spread out at the lower end of the tuning range, are quite uniformly spaced through 
most of the rotation, and are slightly crowded at the high-frequency end of the range. 

At the left in Fig. 29-8 is a group of stator plates from a modified straight line frequency capacitor. The 
end brackets which fasten the plates together are supported by insulating blocks of steatite which mount on 
the frame.At the right are shown the rotor plates from the same capacitor. You will note that the end plates 
of the rotor are slotted. This allows bending of these end plates toward or away from the stators to slightly 
increase or decrease the capacitance at some points in the rotation of the shaft. This adjustment is used 
by service technicians for aligning or " tracking" of two or more circuits tuned simultaneously by the cap-
acitor. We shall get acquainted with such adjustments a little later. 

— TRIMMER CAPACITORS. A trimmer capacitor is a variable capacitor, usually of rather small capacitance, 
used with a variable tuning capacitor or with a tuning inductor for making service adjustments of total cir-
cuit capacitance. Mounted on the supports for the stator plates of the capacitors in Fig. 29-2 you can see 
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Fig. 29-9. How trimmer capacitors may be shown in circuit diagrams. 

trimmer capacitors with their screw adjustments. The trimmer for each gang or section is permanently con-
nected in parallel with the main tuning unit. One side of the trimmer is connected to the stator plates. The 
other side is connected to the frame of the capacitor, and through the frame and shaft to the rotor plates. 

A trimmer for one tuning capacitor or one section of a tuning capacitor may be shown in a circuit diagram 
as at A in Fig. 29-9. Unfortunately there is no special symbol for indicating a trimmer capacitor as distin-

Fig. 29-10. Mica-dielectric trimmer capacitors of the compression type. 
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Fig. 29-11. A mica-dielectric trimmer capacitor is connected to each coil winding. 

guished from a main tuning capacitor. At B is shown a trimmer capacitor in parallel with an inductor or coil 
that is tuned by means of a movable core. At C there are trimmers in parallel with each of the windings of a 
coupling transformer. 

Trimmers that are built onto variable tuning capacitors usually have a thin sheet of mica for the dielectric. 
The movable plate of the trimmer is moved toward or away from its stationary plate by means of a screw. 
Mica-dielectric trimmer capacitors which may be mounted by themselves are pictured in Fig. 29-10. At tie 
left the plates are widely separated, for minimum capacitance, and at the right the plates have been forced 
close together for maximum capacitance. 

Fig. 29-12. Ceramic trimmer capacitor. The rotating member is on top, the adjusting screw is below. 
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Fig. 29-13. Single-layer and multi-layer coil windings. 

These compression type mica-dielectric trimmers are made with anywhere between two and eight or more 
plates, half for one side,the half for the other side of the capacitor with sheets of mica between every plate 
and those on either side. The adjustment range of capacitance may be something like 2 to 30 mmfd, or it 
may be as great as from 100 to 500 mmfd. 

Fig. 29-14. A duolateral winding (left) and an r-f transformer having duolateral primary and bank-
wound secondary (right). 
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Fig. 29-15. This inductance- tuned trap has a honeycomb coil. The coil core has been removed 
and is lying at the right. 

Trimmers sometimes are mounted on the coil forms or supports instead of on the main tuning capacitors, 
as shown by Fig. 29-11. Here there is one trimmer for each of the two coils that are wound on the one form. 
This coil and trimmer unit might be used with the two-gang variable tuning capacitor at the right in Fig. 
29-2, this providing two resonant circuits simultaneously tuned, but with separately adjustable trimmers. 

A trimmer capacitor more commonly used in high-frequency circuits is the ceramic type, of which one ex-
ample is illustrated by Fig. 29-12. The name ceramic refers to various porcelain-like materials. Steatite 
often is used. With one construction the ceramic base is perfectly flat with a thin coating of silver acting 
as one of the plates. On the other side of the flat base is a flat piece of metal which is rotated by the ad-
justment screw or nut. This is the second plate. Both plates are of semi-circular shape so that rotation 
through 1800 changes the capacitance from minimum to maximum. Ceramic trimmers may have capacitance 
ranges as small as from 2 to 6 mmfd or as great as from 20 to 125 mmfd or even more. 

Still another kind of trimmer is called a tubular type. This style of trimmer looks mirh like the small in-
ductor with a movable core that we used for making tests of resonance. The dielectric is the tubular or cyl-
indrical form. One plate is a coating of metal on the outside of the form. The other plate is a solid or tubu-
lar piece of metal that fits inside the form and is moved lengthwise by a screw adjustment. Capacitance is 
increased by turning the inner plate farther into the form, so greater areas of the two plates are opposite 
each other with the dielectric between them. Capacitance ranges are small, usually from one mmfd or less 
up to about 6 or 8 mmfd between minimum and maximum. 

Small variable capacitors of the air-dielectric type sometimes are used as trimmers, especially for work 
at very high frequencies and in some testing instruments. These trimmers look like the units pictured in 
Fig. 29-5. The shafts usually have screw driver slots for adjustment, and are held in position by lock nuts. 
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INDUCTORS OR COILS FOR TUNING. An inductor or coil which is satisfactory for use in high-frequency 
circuits will meet the following requirements. It will be of the smallest physical size that allows the nec-
essary inductance. There will be only a small magnetic field extending around the outside of the coil. Dis-
tributed capacitance and other causes of high-frequency energy loss will be small.The construction will be 
durable enough to withstand ordinary handling. 

Simplest of all coil windings is the single-layer close wound type shown at A in Fig. 29-13. The adjacent 
or successive turns are laid as close together as permitted by the size of the wire. There is considerable 
distributed capacitance, and the coil becomes rather long or of large diameter when any great amount of in-
ductance is provided. 

At B is a single-layer spaced winding. Adjacent turns are separated frcm each other by a space of about 
half the wire diameter or somewhat more. There is a very worth while reduction of distributed capacitance 
for a given inductance. However, to provide the same inductance as in a close wound coil the spaced type 
must have more turns and will be much longer or of greater diameter. 

The greater the number of coil turns in any given length and diameter the greater is the inductance of any 
type of coil. Inductance increases as the square of the number of turns. Therefore, if you put twice the num-
ber of turns in the same cross sectional area you will have four times as much inductance. Of course, the 
distributed capacitance will be increased by having more turns close together. 

One way of providing many turns in small space with least distributed capacitance is to use a two-layer 
bank winding made up as shown at C in Fig. 29-13. The turns are wound on in the order shown by the num-
bers. After winding turns number 1 and 2 side by side, turn 3 is laid on top of them. Then turn 4 is laid 
alongside number 2, and turn 5 goes on top. Thus the winding is carried on. For still more turns in a given 
length we may use a three-layer bank winding, as shown at D. The order in which the turns are laid on is 
indicated by the numbers. A multi-layer coil would by completing one layer before starting the next layer 
on the outside would have so much distributed capacitance as to be of little use at radio frequencies. 

Another multi-layer winding that has reasonably small distributed capacitance is the duolateral type 
shown at the left in Fig. 29-14. The winding is laid on with groups of side-by-side turns successive groups 
cross one another at an angle. At the right is a coupling transformer for standard broadcast frequencies in 
which the lower coil ( the primary winding) is a duolateral type and in which the upper coil ( the secondary) 
is bank wound. 

(:;- In Fig. 29-15, at the top of the tubular form, is a coil made with a honeycomb winding. Each layer consists 
of spaced turns. The turns of each layer cross all the turns of layers inside and outside at an angle. For a 
given inductance a honeycomb winding will take up more space, (diameter, length, or both) than will either 
a bank winding or a duolateral winding. But the honeycomb type has less distributed capacitance than any 
other multi-layer type with the same inductance, The entire unit pictured by Fig. 29-15 forms a trap, a para-
llel resonant circuit that is resonant at some certain undesired frequency and which decreases the gain or 
amplification at this one frequency. 

WIRE FOR COIL WINDING. Wire for close wound coils having the small inductances required in high-
frequency circuits usually is insulated with enamel or with some type of plastic coating, and sometimes 
with silk or rayon. Wire of any diameter that provides sufficient mechanical strength is amply large for the 
small currents in high-frequency circuits of receivers. The smaller the wire, or the smaller the conductor 
inside the insulation, the less will be the distributed capacitance. 

Space wound high-frequency coils usually are made with uninsulated wire, but the copper wire then is 
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coated with silver or cadmium, or is tinned, to prevent oxidation of the copper. Solid silver wire sometimes 
is used, but it has little advantage over silver coated copper wire. 

One of the causes for waste of signal energy in coils is skin effect, which was mentioned in connection 
with capacitors. Skin effect, in a coil, forces high-frequency currents to travel almost entirely at and near 
the outer surface of the wire. The inside might as well not be there. In some high-frequency transmitter cir-
cuits the inductors are made of copper tubing, thus providing what amounts to only the outside of the con-
ductor..Silver coated wire reduces skin effect losses because the highly conductive silver is out where there 
is maximum current density. 

) The wire for windings used at standard broadcast carrier frequencies often is of a type called Litz wire. 
This name is an abbreviation of the word Litzendraht. Litz wire consists of from 5 to 15 strands, each sep-
arately coated or insulated with enamel, and all braided together so that every strand comes to the surface 
over the same length of wire as every other strand. The use of Litz gives a decided reduction of skin effect 
at frequencies between about 300 kilocycles and 3 megacycles. At frequencies much higher the Litz is 
poorer than solid wire. At lower frequencies the skin effect is slight, so the use of the more costly Litz is 
not justified. 

The accompanying table of Wires Sizes and Turns gives the diameter in fractions of an inch of various 
sizes of solid copper wire commonly used for coil windings. Included also are numbers of turns per running 
inch of close wound coils made with several types of wire. The abbreviation "SSC" means single silk 
covered, and "SSE" means single silk enameled, for a wire which is enameled and then covered with a 
single layer of silk. These latter two columns would apply generally when rayon is used instead of silk. 
The number of turns per inch won't always be exactly as listed, because different manufacturers may use 
coverings of slightly different thicknesses. 

COIL FORMS AND SUPPORTS. The tubular or cylindrical fprms on which coils are wound may be of hard 
fibre, of wax impregnated paper or cardboard, of wax impregnated wood, or of phenolic compounds such as 
various grades of Bakelite. All these are used for coils operating at frequencies through the standard broad-
cast carriers and sometimes for higher frequencies as well. 

Gage Diam, Turns per Inch 
No. bare Bare Enamel SSC SSE 

14 0.0641 15.5 15.1 
16 .0508 19.7 18.9 18.6 18.0 
18 .0403 24.8 23.7 23.2 22.3 

20 0.0320 31.2 29.4 29.0 27.6 
22 .0253 39.5 37.0 36.0 34.1 
24 .0201 49.7 46.5 44.5 42.0 

26 0.0159 62.9 58.2 55.0 51.5 
28 .0126 79.4 73.1 67.2 62.5 
30 .0100 100 91.5 82.2 76.0 

32 0.0080 125 115 98.4 91.0 
34 .0063 159 143 118 109 
36 .0050 200 178 167 129 
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Fig. 29-16. Methods of coil switching used for varying the total or effective inductance. 

Special grades of wax impregnated paper forms are in general use for the very high frequencies. In the 
very-high frequency bands it is also common practice to use forms and supports of the low-loss dielectrics 
such as polystyrene and steatite. The least loss of waste or signal energy is attained by using self-sup-
porting coil windings made of wire that is rigid enough to need no form. Self-supporting coils are mounted 
by soldering their ends to any terminals through which circuits are completed. A self-supporting coil of bare 
wire or of wire without insulating covering has the lowest high-frequency losses of any type which may be 
used. 

When a coil is of such length, diameter, or wire size that it cannot be made self-supporting, thelosses 
may be made almost as low by stiffening the winding with long, narrow strips of polystyrene to which the 
turns are cemented. Such a coil may be supported by the strips or at the ends of the wire. The winding may 
be space wound, since the turns are held securely in position by the cement. Another low-loss type of sup-
port consists of a cylindrical or tubular form on the outside of which are lengthwise ridges. The winding 
rests only on the outermost edges of the ridges. 

The smaller the quantity of insulation which is on or close to the wire conductor of a coil the lower will 
be the energy losses due to the action called dielectric absorption, and to the action whereby atoms in the 
insulating dielectric are strained one way and the other by the alternating fields. Although in any ordinary 
commercial design there will be quite a bit of metal close to the inductors, it still is a fact that large en-
ergy losses occur with such construction. When any metal is located in the field of a coil the magnetic lines 
cut through the metal and induce eddy currents. These are small electric currents that whirl around and 
around within the body of metal where the magnetic lines are passing through. It requires energy for these 
eddy currents te overcome the resistance of the metal, and this energy must be taken from signal energy in 

the coils. 

Fig. 29-17. Mutual inductance is positive at the left, is negative at the right. 
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Fig. 29-18. Combined self-inductance of inductances in parallel 
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100 

is determined similarly to 

Coil turns may be held in place and various parts of the windings may be given added protection by a thin 
coating of coil cement. Various types of cements are available, but for inductors operating at radio frequen-
cies it is advisable to use the kinds made from polystyrene because of its small dielectric constant and low 
factor of energy loss. 

Coils often are made moisture proof by heavy coatings of wax. Paraffin wax and ceresix wax have small 
dielectric constants, with maximum of about 2.5, and have loss factors comparable with that of steatite. 
Where there is likelihood of moisture collecting on the coils these wax coatings are helpful, but they should 
not be used otherwise, for the same reasons that all insulation and dielectric material should be avoided so 
far as is possible. 

COIL SWITCHING. The inductance in a circuit sometimes is altered by connecting or disconnecting part 
of the turns of an inductor. Several methods are illustrated by Fig. 29-16. At A there is a tap switch for con-
necting the lower line to any of several points along the coil, increasing the connected turns and the induc-
tance as the switch is moved downward. The unused turns, below the switch, are called dead end turns. 
The field of the coil induces emf's in the dead end turns. Energy is expended in these emf's and in con-
nection with distributed capacitance of the unused turns there will be small cuments in this part of the 
winding. All this means a waste of signal energy. 

The arrangement at B sometimes is an improvement and again it is not. Here the dead end turns, below 
the switch contact, are short circuited through an additional connection to the switch arm. Currents induced 
in the unused portion of the coil will circulate through this connection. 

With the switching arrangement shown at C, or anything equivalent, the unused turns of the .coil am com-
pletely disconnected from the main portion. With the switch arms downward, as in full lines, the lower sec-
tion of the inductor is in series with the upper main section to provide maximum inductance, With the switch 
arms upward, as in broken lines, both ends of the unused turns are open circuited. The unused turns still 
are inductively coupled to the main part of the winding, and in the disconnected turns there will be induced 
emf's and currents which waste energy. 
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If the second section .of coil circuit is not inductively coupled to the first section, as indicated at D, 
there will be no induced emf's and currents in this second section when it is open circuited and discon-
nected. 

®INDUCTORS IN PARALLEL AND IN SERIES. Whenever inductances are connected together in series, as 
C and D of Fig. 29-16, the inductances add together. If one coil or section of a winding has, for example, 
inductance of 200 microhenrys and the other coil or section has inductance of 100 microhenrys, the total in-
ductance will be 300 microhenrys with them in series. This statement of series inductances adding is 
strictly true only when there is no coupling between the two inductors. 

If there is inductive coupling between the two inductors we have not only the self-inductance of each one 
but also the mutual inductance due to the coupling. Doubtless you recall that mutual inductance is the 
property of coupled circuits by which each produces in the other an emf whenever there is a change of cur-
rent and of magnetic field in either circuit. Mutual inductance exists in addition to the self-inductances. 

Something to be remembered about mutual inductance is that it may either add to or subtract from the sum 
of the self-inductances which are in series. At the left in Fig.29-17are two inductors or coils in which cur-
rents at the same instant are in such directions that the magnetic fields act in the same direction. Then 
magnetic lines through one of the inductors pass also through the other. The mutual inductance adds itself 
to the two self-inductances, and the total inductance is greater than the sum of the two self-inductances. 

At the right in Fig. 29-17 one of the coils has been turned end for end, or its connections have been re-
versed. Now the two magnetic fields are of such polarities at any one instant as to oppose. The magnetic 
lines through one coil do not pass through the other one. We still have mutual inductance, for the coils are 
inductively coupled and the field of each induces emrs in the other, but the end's of mutual induction op-
pose those of self-induction. Now the mutual inductance is subtracted from the sum of the two self-induct-
ances, and the total inductance is less than the sum of the self-inductances. 

With conditions as in the left-hand diagram we say that the mutual inductance is positive. At the iight 
the mutual inductance is negative. Going back to Fig. 29-16, at C there is coupling and there is mutual in-
ductance between the two parts of the inductor. Depending on relative directions of current in the two sec-
tions the mutual may be positive or negative, and may add to or subtract from the separate self-inductances. 
At D there is no coupling, and there is no mutual inductance. The total inductance will be the sum of the 
two self-inductances under all conditions. 

The lower coil atD in Fig. 29-16 might be called a loading coil.A loading coil adds to the self-inductance 
in a circuit without acting in the transfer of energy to or from that circuit. 

When two inductors or coils are connected in parallel with each other the total inductance is not only less 
than the sum of the self-inductances, it is less than either of the separate inductances. At A in Fig. 29-18 
are represented two inductances of 100 microhenrys each, connected in parallel. The total inductance is 50 
microhenrys, which is equal to one of the separate equal inductances divided by the number of inductances, 
2. Maybe this reminds you of something we have heard about several times in the past. 

At B in Fig. 29-18 there are inductances of 10 microhenrys and of 200 microhenrys connected in parallel. 
The total inductance is 9.5 microhenrys, approximately. If you divide the product by the sum of these two 
inductances the answer will be 9.5. At C there are three inductances in parallel; 100, 50, and 300 micro-
henrys. The total inductance is 30 microhenrys. In this case you can use the rule of dividing the product 
by the sum of 100 and 50. The answer will be 33.3. Then you can use the same rule with the numbers 33.3 
and 300, which gives the total inductance, 30 microhenrys. 
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The total or effective values of self-inductances in parallel are computed in ezactly the same way as are 
the effective resistances of separate resistances connected in parallel. With equal paralleled inductances 
the total is equal to one of them divided by their number. With other combinations we generally use the rule 
of dividing the product by the sum. 

A type of continuously variable inductor used for laboratory measurements makes use of the change of in-
ductance with two coils connected in series and in parallel. One coil is stationary and the other may be ro-
tated so that their axes vary from in line to a right angle rotation. This changes the coupling from maximum 
to near zero, and varies the total inductance accordingly. For further reduction of inductance the two coils 
are reconnected in parallel, and again rotated from maximum to minimum coupling. The total variation of in-
ductance is in the ratio of about 25 to one.Inductors utilizing these principles were used for tuning in some 
of the earliest radio receivers, then being called variometers. 

With reference to all our discussion of inductances in series and in parallel you must bear in mind that 
we are talking about inductances and not about inductive reactances. Inductive reactances are measured in 
ohms, like all other oppositions to flow of current. Inductances are measured in microhenrys, millihenrys, 
and henrys. Reactances in series add together, just like resistances in series, and so do inductances. Re-
actances in parallel are treated like resistances in parallel, and inductances in parallel are treated like-
wise. Rut do not confuse quantities of inductance with quantities of inductive reactance. 
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DETECTORS FOR AMPLITUDE MODULATION 

You are well acquainted with the construction and action of all kinds of capacitors, inductors, and re-
sistors, both fixed and variable. You understand the operation of diodes, triodes, pentodes, and beam power 
tubes. You are familiar also with power supply systems which furnish direct and alternating voltages and 
currents for plates, screens, grids, and heaters of tubes. These things are the basic elements from which 
all radio and television receiving circuits are built. 

It won't be long until you can perform all the ordinary service operations on types of broadcast receivers 
such as the one whose circuit diagram is shown in Fig. 30-1. What's more, when you do a service job you 
will be able to do it right and in the shortest possible time. This is because you will know why things work 
as they are supposed to work, which makes it easy to determine what is wrong when things don't do what 
they are supposed to do. 

About all we need do now is put capacitors,inductors,resistors,and tubes into various kinds of receivers 
to get acquainted with circuit connections that produce sound and pictures.It will be easiest to understand 
what all the various circuits are good for it we begin with the simplest possible arrangement that is capable 
of changing a radio signal into sound. 

The simplest type of radio receiver in common use is the five-tube superheterodyne, of which Fig. 30-1 
is a good example. The first tube at the left is a pentagrid type used as a frequency converter. Next comes 
a pentode used as an intermediate-frequency amplifier. Then there is a duodiode triode whose single envel-
ope contains two diode plates that work with the cathode as a detector, and contains also a grid and a plate 
which work with the same cathode as a triode for audio-frequency amplification. Feeding the loud speaker 
is a beam power tube, the output amplifier. Down below is the power supply, consisting of a half-wave rec-
tifier, a filter, and the tube heaters connected in series an the power line. 

Although this receiver is just about the ultimate in simplicity according to present-day standards, you 
will be astonished at the number of parts which may be dispensed with while still being able to hear radio 
programs. It would be possible to take away everything except the parts shown at A in Fig. 30-2, and still 
have a practical radio receiver of the kind which furnished entertainment is about 1920. All that remains is 
the antenna coupling transformer and the diode portion of the duodiode triode tube, this portion of the tube 
acting as a detector. A detector is indispensable for reception. It separates the audio-frequency signal 
voltages from the radio-frequency signals arriving by way of the antenna. 

The antenna transformer includes a primary winding connected between antenna and ground, and a sec-
ondary winding across which are a variable tuning capacitor and a trimmer capacitor. The secondary wind-
ing and the capacitors form .a series resonant circuit that may be tuned to resonance at the frequency of 
whatever signal is to be selected. 
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Fig. 30-1. The complete circuit diagram for a five-tube superheterodyne receiver. 

SPEAKER 

1 

The portions remaining of the duodiode triode tube are two diode plates and the cathode. The two plates 
are connected together to act like one. There are two plates merely because the original tube is made that 
way in order to handle some types of circuits that require two diodes, as might be found in other receivers. 

Taken by themselves the remaining parts of our broadcast receiver would be connected as at R in Fig. 
30-2. Here the detector is shown as an ordinary two-element diode, which is all we need. The connection 
from the stator of the tuning capacitor, which formerly went to a grid in the pentagrid converter tube, now 
goes to the plate of the diode detector. Because everything beyond the detector has been discarded, in-
cluding the loud speaker, we must add a headphone to produce audible sounds — just as nearly everyone 
did in 1920. The line which formerly went from the detector output through the volume control resistor to the 
grid of the audio amplifier now goes to one side of the headphone. 

All the ground connections except the one at the bottom of the antenna circuit in diagrams A and R are to 
chassis metal, so all of them go to this continuous metal conductor and all are effectively connected to-
gether. Probably it will be easier for you to follow the paths of signal currents when the circuits are re-
drawn as at C, with the ground connections represented by big dots joined together by a line. 

In diagram C the series resonant circuit that includes the transformer secondary and the tuning capaci-
tor shows up quite clearly as being completed through fixed capacitor Ca. This capacitor has small react-
ance to radio-frequency currents in the secondary winding and tuning capacitor, but has high reactance to 
the low-frequency audio currents.Consequently,audio frequencies are forced to go through the detector and 
volume control resistor while radio-frequency currents flow freely in the tuned resonant circuit. 
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Fig. 30-2. The minimum number of parts which will provide broadcast reception. 

The parts which have been removed as nonessential have taken with them all the superiorities of today's 
receivers over those of 1920. We have lost a great part of the original selectivity, which allows separating 
the signals of one station from those of other stations. Now, when we listen to one program, we shall hear 
in the background the programs of other stations whose carrier frequencies are close to the one selected. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 30 — Page 4 

We have lost also most of the sensitivity of our original five-tube superheterodyne. Sensitivity is the 
property of a circuit or an entire receiver that allows listening to stations far away. Still, we have a real 
radio receiver. Later we shall put back the other parts, one by one, and discover why they give the selec-
tivity and sensitivity that nowadays are expected as normal performance. 

In checking over the action of the greatly simplified receiver we need spend no time on the tuned trans-
former secondary, for we already know about resonance and what it accomplishes. But we must fild out 
how the diode detector works. Diode detectors were used in the very earliest radio receivers. Then came 

deliver tones as pure even though they did make the sounds 
back to diode detectors, both in sound radios and in the video 
because we now have other and better means than the detector 
we must have faithful reproduction of signals,which the diode 

more sensitive detectors, but they did not 
louder. Now, in all receivers, we have gone 
circuits of all television receivers. This is 
for providing lots of sensitivity and because 
provides. 

AMPLITUDE MODULATION. To find out how any detector works we must know something about the kind 
of signal on which it works.Sound radio signals for standard broadcasting are transmitted by a method called 
amplitude modulation. Amplitude modulation is employed also for transmitting all picture signals and all 
synchronizing signals for television. 

ZERO 

RADIO FREQUENCY 

AUDIO-FREQUENCY 

Fig. 30-3. A radio-frequency carrier voltage and an audio-frequency voltage used for modulation. 
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Fig. 30-4. Circuits in an amplitude-modulation radio transmitter. 

A radio transmitter produces and radiates from its antenna a carrier wave, even when no sound signals 
are being transmitted. That is, a station may be " on the air" during intervals when there are no sounds. A 
carrier wave flies through space and produces in the receiving antenna a voltage alternating at radio fre-
quency. A few cycles of r-f voltage, carrying no sound signal, may be represented as at A in Fig. 30-3. This 
voltage from the receiving antenna will appear in the primary of the antenna coupling transformer, and by 
inductive coupling will pass into the tuned secondary. 

At B is represented a sound signal, at audio frequency, which is to be transmitted. For the sake of sim-
plicity this sound voltage is shown as a sine wave, which would give a single constant tone. Actually the 
audio voltage will vary in frequency in order to deliver various tones, or sounds of different pitch. The 
actual audio voltage will vary also in amplitude, to deliver sounds that are louder or less loud. 

Fig. 30-4 shows the basic circuits for a complete radio transmitter of small size and power. Radio-
frequency voltages and currents which produce the radiated carrier wave originate in the oscillator, are 
strengthened in the r-f amplifier, and go to the antenna of the transmitter. Audio-frequency voltages to be 
transmitted originate in the microphone, are strengthened by the a-f amplifier, and go to the modulator tubes. 

If you commence tracing at the plate of the r-f amplifier in the transmitter, and follow through to the B+ 
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Fig. 30-5. The unmodulated r-f voltage. 

connection at the bottom of the diagram, you will find that this plate circuit of the r-f amplifier goes through 
the secondary winding of a transformer whose primary is connected to the plates of the modulators. Thus 
the audio voltages from the modulators get into the output of the r-f amplifier, and r-f voltages and currents 
going to the antenna are made tovary in accordance with the audio signal voltages. This is modulation of 
the r-f carrier. 

In your own service shop or laboratory you can reproduce this whole performance, and experiment to your 
heart's content with all manner of combinations of r-f voltages modulated by a-f voltages. This is because 
the signal generator which you will use for servicing contains an oscillator for production of r-f voltages, 
another oscillator for production of al voltages, and means for combining the two voltages in a modulated 
output. If you connect the output of the signal generator to the input of your service oscilloscope, on the 
screen of the oscilloscope will appear pictures of what happens. This was done in making some pictures 
which follow. 

\NV 

Fig. 30-6. Audio voltage used for modulation. 
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Fig. 30-7. The r-f voltage, strongly mcdulated. 

First you would turn off the audio modulating voltage in the signal generator and look at the unmodulated 
r-f voltage. Fig. 30-5 is a photograph of an oscilloscope screen on which is appearing the illuminated trace 
produced by an r-f voltage at a frequency of 500 kilocycles per second. This picture shows the r-f voltage 
during a time period of about 7/1000 second. Within this brief time there occur 3,500 complete r-f cycles. 
Successive cycles come so close together that they appear as only an extended blur, but here we have in 
fact what is shown in principle for only a few cycles at A in Fig. 30-3. 

Your signal generator probably will be of a type which will furnish the a-f voltage by itself, as well as 
when modulating the r-f voltage. If you apply only the a-f voltage to the oscilloscope this voltage will show 
up as in Fig. 30-6. The audio frequency used in making this picture was 400 cycles per second. There are 
about 2.8 complete cycles, which occur during a time period of 7/1000 second when the frequency is 400 
cycles. Here we have the actual equivalent of the audio voltage shown at B in Fig. 30-3. 

Fig. 30-8. Effect of reducing the modulating 
voltage. 
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The next stop would be to modulate the 500-kilocycle r-f output of the signal generator with the 400-cycle 
audio voltage, just as might be done at the radio transmitter. The result is shown by Fig. 30-7. Here the 
amplitude or the up and down change of the r-f voltage is varying in exact accordance with the changes of 
audio modulating voltage. 

A horizontal line drawn through the middle of the modulated voltage wave would represent zero voltage, 
just as at A in Fig. 30-3. The r-f voltage changes back and forth between maximum positive at the top 
through zero to maximum negative at the bottom. The effect of modulating the r-f voltage is to vary the max-
imum voltages at successive instants on both the positive side and the negative side of the zero line. 
Either the top or the bottom of the modulated voltage looks like the a-f voltage that is doing the modulating. 
If you examine the picture quite carefully it will be plain that the wavy outline along the bottom is the same 
as the wavy outline across the top except for being turned upside down. 

Note, in Fig. 30-7, that the rise and fall or the vertical changes along the wavy line of modulation are 
of exactly the same extent as changes of amplitude in the modulating voltage shown by Fig. 30-6. The 

-r 

Fig. 30-9. Percentages of modulation. 1, thirty per cent. 2, sixty per cent. 3, one hundred per cent. 

4, over-modulation. 
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Fig._30-10. What the diode detector does with the modulated r-f voltage. 

D 

wavy lines along top and bottom of the modulated r-f voltage are called the modulation envelope. The shape 
of the modulation envelope is the same as changes of amplitude in the modulating voltage. 

If now you were to reduce the strength or amplitude of the modulating audio voltage the result would be 
as in Fig. 30-8. Modulation of the r-f voltage has bien decreased proportionately to decrease of amplitude 
in the modulating voltage. The modulation envelope has changed with change of modulating voltage. 

IL
The number of waves per second in the modulating or the frequency of the modulation is just the same as 
frequency of the modulating voltage. The photographs of the two voltages cover equal periods of time. 

There are the same numbers and fraction of cycles in the modulation as in the audio voltage. Any and every 
change of frequency in the modulating voltage will be reproduced in the modulation. 

In order that you may make service tests and adjustments under actual operating conditions, signal gen-
erators•furnish r-f and a-f voltages like those produced in a receiving antenna by carrier waves coming from 
a radio transmitter through space to a receiving antenna, With the help of a signal generator and service os-
cilloscope we have seen amplitude modulation in action. Very soon we shall be ready to use various types 
of detectors for recovering the audio signal or 'audio modulation from the r-f voltage, but first there are a 
few additional matters to be cleared up with reference to amplitude modulation. 

Here is one of the things which should be understood. In a modulated signal there always remains the 
radio frequency of the carrier regardless of what frequency may be used for modulation. As an example, 
in Figs. 30-5, 30-7, and 30-8 we always have the frequency of 500 kilocycles. Only the amplitude of the r-f 
voltage is undergoing change. 

The modulating frequency itself does not exist in the r-f wave. That is, in the waves just mentioned there 
is no 400-cycle frequency. This frequency will reappear only after the detector does its work. There is, 
however, a frequency equal to the surn_of the radio and audio frequencies which, in our examples, would be 
500,400 cycles per second, or•500 kilocycles plus 400 cycles. And there is another frequency equal to the 
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Fig. 30-11. Electron flows in the diode detector circuit during positive and negative r-f alternations. 

difference between radio and audio frequencies. This difference frequency would be 499,600 cycles per sec-
ond in the waves at which we have looked. Frequencies which are the sum of carrier and modulating fre-
quencies, and are higher than the carrier, are called upper sideband frequencies. All which are equal to the 
difference, and are lower than the carrier, are lower sideband frequencies. 

Normally the sideband frequencies would be varying, because in speech and music there are frequencies 
all the way from about 50 to 15,000 cycles or more. A radio-frequency amplifier must handle, and should 
amplify, all frequencies that may be produced in upper and lower sidebands. 

Another thing which we should understand is the matter of modulation percentage or the percentage of 
modulation. This refers to the extent of the modulation as compared with the amplitude of the unmodulated 
r-f voltage or unmodulated carrier wave. The percentage of modulation is the percentage of the unmodulated 
carrier amplitude represented by the amplitude of modulation. For example, were you to have an unmodu-

lated carrier with peak to peak amplitude of 100 volts, and modulate it with an audio voltage having peak 
amplitude of 30 volts, the carrier would be modulated 30/100 or 30 per cent. 

Fig. 30-9 shows how several percentages of modulation would appear on the oscilloscope. Peak-to-peak 
amplitude of the unmodulated r-f voltage is marked E. It is the same in all four diagrams. Peak-to-peak am-
plitude of the modulating voltage is marked M on each diagram. In diagram 1 we have 30 per cent modula-
tion. Amplitude of the modulating voltage is 30 per cent of the amplitude of the unmodulated r-f voltage or 

the carrier wave. In diagram 2 the modulation has been increased to 60 per cent. Now look back at Fig. 30-
7. There the modulation is between 58 and 59 per cent. In Fig. 30-8 the modulation is somewhat less than 

25 per cent. 

Back to Fig. 30-9, in diagram 3 there is 100 per cent modulation. The modulating amplitude equals the 
amplitude of the unmodulated r-f voltage. This is as far as we can go while preserving the true shape of 
the modulating voltage. In diagram 4 the modulation is more than 100 per cent. This is called over-modula-
tion. Parts of the modulating voltage wave are cut off and there are breaks in the r-f voltage or the carrier 
wave. When a detector works on an over-modulated signal the resulting sound will be greatly distorted. 
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Fig. 30-12. Charge and discharge of the capacitor in the diode detector circuit. 

DETECTORS. In the process of amplitude modulation we commence with an r-f voltage of constant am-
plitude, combine with it an a-f voltage of varying amplitude and varying frequency, and end with the modu-
lated r-f voltage. The process of detection is the reverse of modulation. We commence with a modulated r-f 
voltage, separate from it the a-f signal voltage, and discard the remaining r-f voltage. The process of de-
tection often is called demodulation, and the detector may be called a demodulator. 

In following portions of this lesson we shall examine the action of detectors used for amplitude modula-
tion. Detectors for frequency modulation, as used in f-m receivers, operate on entirely different principles. 
F-m detectors or demodulators will be examined when we come to the subject of frequency modulation in 
general. 

) 
DIODE DETECTOR. The diode detector acts primarily as a rectifier. When the modulated r-f voltage is 

applied across the plate and cathode of the diode this alternating voltage makes the plate first positive and 
then negative with reference to the cathode. While the plate is positive there is conduction through the 
diode, and while the plate is negative there is no conduction. 

This rectifying action is illustrated by Fig. 30-10. Between a and b is represented the modulated r-f 
voltage, with positive alternations above and negative alternations below. The positive alternations of 
voltage, shown by full line curves between b and c, cause electrons to floss from cathode to plate in the 
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Fig. 30-13. Diode detector circuits used in standard broadcast receivers. 

diode and the connected circuit. The negative voltage alternations, in broken-line curves, have no effect. 
The result, shown between c and d, is a rectified current that flows in pulses as it varies between zero 
and positive peaks whose values depend on modulation of the original input voltage. 

Electron flows during positive alternations and negative alternations of r-f voltage are shown by Fig. 30-
11, in which are simplified circuit diagrams of our diode detector. At the left are shown conditions during 
the voltage alternation that makes the diode plate positive. Voltage from the secondary winding of the r-f 
transformer is being applied between the top of the tuning capacitor and the bottom of capacitor Ca, also, 

Fig. 30-14. A crystal diode and a miniature radio tube. 
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Fig. 30-15. Circuits for crystal diode detectors. 
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between the plate of the diode and the bottom of resistor R. Resulting electron flows are shown by arrows. 
There is electron flow upward through capacitor Ca and the tuning capacitor. There is also an upward flow 
through resistor R and from cathode to plate in the diode. Capacitor Ca is being charged, with its upper 
plate positive. 

Conditions during the r-f voltage alternation that makes the diode plate negative are shown by the right-
hand diagram. Because the diode plate is negative with reference to the cathode there can be no electron 
flow in the diode. But capacitor Ca now is discharging through resistor R, with electron flow in the direc-
tion of the arrows. Note that this electron flow through R is in the same direction as during the opposite 
voltage alternation. 

Capacitor Ca charges during voltage alternations of one polarity, and discharges during alternations of 
the opposite polarity. To what extent will the capacitor discharge between pulses of charging current, or 
how much of the capacitor voltage will be lost before it is again built up by the next charging pulse? It is 
entirely a matter of the time constant of capacitor Ca and resistor R, and of the frequency of the r-f voltage. 

Discharges of the capacitor between successive peaks of charging current are shown by the lines between 
the peaks in Fig. 30-12. The effect is somewhat exaggerated because the peaks have to be drawn far enough 
apart to illustrate the action. The variation of charge between successive pulses would be very small, and 
there would be a practically smooth variation of capacitor charge and voltage. as shown by the wavy line at 
the bottom of the diagram. It is quite apparent that this wavy line of average capacitor voltage is the volt-
age of audib modulation used on the r-f carrier coming to the receiver. 

The time constant of the capacitor and resistor in the diode circuit must be long enough that there won't 
be much discharge between r-f pulses, yet short enough that discharge (and recharge) can follow the audio 
frequency of modulation. 

Capacitor Caand resistorR are in parallel with each other. Therefore the voltage always will be the same 
across both units. This average voltage is the audio modulation or the audio signal being transmitted. So 
we may take the audio output of our diode detector from across the capacitor or the resistor and apply this 
voltage to a following a-f amplifier or, in our experiments, to the headphone. 

Resistor R is called the detector load resistor. For the majority of service operations classed as align-
ment adjustments in television receivers we connect either an electronic voltmeter or au oscilloscope a-
cross the load resistor of the video detector. 
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An increase of resistance in the detector load resistor gives some increase of audio output voltage. In 
tests on a broadcast receiver, doubling the detector load resistance increased the audio output voltage by 
10 to 25 per cent, with the greater increases secured on relatively weak r-f inputs. 

(7 , A correctly designed diode detector circuit is capable of handling both weak and strong signals with little 
distortion.This means that the audio output voltage will follow the modulation quite faithfully at all signal 
levels. A disadvantage of the diode detector is that it forms, in effect, a resistance in parallel with the 
tuned input circuit. The detector is equivalent to a paralleled resistance because it allows additional rec-
tified current to flow in the tuned circuit, as is evident in Fig. 30-11. This effect is called loading of the 
input. Loading, with current or resistance, acts to broaden the band of frequencies in which the input cir-
cuit delivers relatively high voltage, which means a reduction of selectivity. The whole subject of selectiv-
ity will be investigated very shortly. 

In connection with diode rectifiers you are going to hear the word "perveance".Perveance describes the 
ability of a diode detector to rectify high frequency voltages with little loss or drop of voltage in the recti-
fier itself. A diode having high perveance will not only have fairly low internal resistance to the range of 
current it is supposed to handle, but will have also reasonably low internal capacitance between plate and 
cathode. This internal capacitance is in parallel with the tuning capacitor. 

It should not be forgotten that connections for the detector in the receiver from which we started have been 
changed around to simplify the explanations. We replaced all the ground connections with the conductor 
shown as a line in Fig. 30-11, the line from between the two capacitors over to the diode cathode. 

The original connections, including the grounds, are as at the left in Fig. 30-13. Capacitor Ca and re-
sistor R are the same as in our explanatory diagrams. Capacitor Cc is between resistor R, the volume con-
trol, and the line to the grid of the a-f amplifier. This capacitor allows only the alternating audio voltages 
to go to the a-f amplifier, and holds back the rectified pulsating direct current which is in the volume con-
trol resistor. Voltage from the volume control is used as grid bias voltage for other tubes and provides 
automatic volume control in a way we shall learn about in due time. This bias voltage goes through the 
connection marked "AVC", an abbreviation for automatic volume control. Were you to connect together all 
the grounds in Fig. 30-13 you would have the same electrical system as shown in Fig. 30-11. 

DETECTOR 

GRID 
CAPACITOR 

B+ 

GRID LOAD 
RESISTOR 

AUDIO 
OUTPUT 

Fig. 30-16. A circuit for a grid-leak detector. 



11111•11111•1•1 

COMMERCIAL TRADES INSTITUTE 

Lesson No. 30 — Page 15 

o 

v) 

/ 
/ 

a 
co / 

/ ; 
I, 
, 

I' / 

 + 

OUTPUT 
PLATE CURRENT 

R-F INPUT 
\ VOLTAGE 

«RIM 

t— C 

Fig. 30-17. A plate detector circuit, and the action of such a detector. 

At the right in Fig. 30-13 is another way of showing the same electrical circuit for the diode detector. 
Again Ca and R are the same as in preceding diagrams, and capacitor Cc is in the a-f output line. Connect-
ing all the grounds together would give our regular circuit for the diode detector. Neither of the detectors 
in Fig. 30-13 is across an antenna coupling transformer, both are across the secondary winding of inter-
mediate-frequency coupling transformers. Whether the high frequency voltage for the detector comes from 
the antenna circuit or from some other circuit makes no difference in detector action. 

Diode detectors in sound radio receivers practically always are sections of multiple tubes in which there 
are also a grid and a plate which, with the common cathode, form a triode, or in which there are the addi-
tional elements which form a pentode. The triode ordinarily is used as an audio-frequency amplifier. The 
pentode may be used as either an audio-frequency amplifier following the detector or as a radio-frequency 
amplifier preceding the detector. 

In all the circuits which have been examined, the diode detector acts as a half-wave rectifier. Although 
half-wave rectification or detection is almost the universal practice it is possible to use the two diode 
plates in a full-wave detector circuit whose connections to a center-tapped secondary winding of the input 
transformer are like those of a full-wave power rectifier to its center-tapped power transformer. The half-
wave diode detector delivers greater output voltage than a full-wave type with equal r-f input voltages, but 
delivers somewhat less power. Since audio output voltage usually is more to be desired than added power, 
there is no particular advantage in the full-wave detector. 

CRYSTAL DIODE DETECTORS. The detectors in most receivers are electronic tubes of the hot cathode 
type, with either a heater-cathode or a filament-cathode. There are, however, some sound radio receivers 
and a considerable number of television receivers employing crystal diode detectors. Fig. 30-14 is a pic-
ture of one style of crystal diode alongside one of the smallest of the miniature hot-cathode electronic tubes 
with its socket. The crystal diode in the picture is 11/16 inch long and has a maximum diameter of 1/4 
inch. There are other types even smaller, about 3/8 inch long and somewhat less than 1/4 inch in diameter. 

e•-tr-
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The crystal illustrated is enclosed within a ceramic tube and has exposed metallic caps at both ends. 
Other insulations may be used, including glass for some types, and there may be no exposed metal. All 
these crystal diodes are moisture-proofed and most of them are hermetically sealed. 

The crystal element is a piece of the metal called germanium in detectors used for all ordinary kinds of 
receivers, or for operation at frequencies up to about 100 megacycles., Other kinds of elements, including 
silicon, will operate satisfactorily at frequencies up to 30,000 megacycles and more. In contact with the 
surface of the germanium crystal element is the end of a small-diameter wire of tungsten or of platinum. In 
some crystal diodes the wire, called a cat whisker, makes pressure contact on the germanium and in other 
types it is welded in place. 

The cathode end or cathode terminal of a crystal diode may be marked "Cath" or may be identified by a 
minus sign (—). The anode end, equivalent to the plate in a tube, may be identified with a plus sign (+). 
Sometimes both ends are marked, and again only one is marked. Obviously, if you can identify either end 
there can be no difficulty in identifying the other end, since there can be only a cathode and an anode. 

A crystal diode may be used in any kind of detector circuit where a tube diode would work. At the left in 
Fig. 30-15 is a detector circuit containing a crystal diode for demodulation of audio frequencies. At the 
right is one style of crystal detector circuit used in television receivers.Distributed and stray capacitances 
are sufficient for most of the tuning in television circuits, The symbol for a crystal diode is like that for the 
selenium rectifier used in power supplies, it is the symbol that represents any kind of "contact rectifier" 
in which there is oneway conductivity at the contact between two elements. 

A crystal diode is mounted by soldering its pigtail leads to terminal lugs or other convenient parts in the 
circuit. The crystal requires no socket, and since it has no heater or filament there is no wiring other than 
to the cathode and anode. The resistance of the crystal to electron flow from cathode to anode is less than 
the internal resistance of a diode tube to similar flow, but resistance of the crystal to reverse electron flow 
is no where near as high as in a diode tube, Therefore, the crystal diode permits a very small electron flow 
in the reverse direction, from anode to cathode, during voltage alternations which make the anode negative 
with reference to the cathode. 

GRID-LEAK DETECTOR. Now we are going to spend a few minutes in examination of a detector that 
once was in nearly universal use for radio broadcast reception, and now is practically obsolete. We cannot 
very well skip this detector, because it is familiar to so many experienced radio technicians and they are 
certain to mention grid leak detection once in a while. You cannot afford to appear entirely ignorant on such 
a subject. 

This obsolete detector is the grid-leak type. You will recall that in an earlier lesson we studied grid-leak 
biasing, which is far from obsolete and, in fact, is in common use for many tubes in television receivers. 
With that method of biasing we employ a grid capacitor and grid resistor or grid leak connected as in Fig. 
30-16. This circuit could be labeled either grid leak biasing or grid leak detection. 

If the grid-leak circuit is used to produce a negative bias proportional to the strength of any incoming al-
ternating voltage it is a grid-leak biasing circuit. If it is used to demodulate an r-f voltage and recover the 
audio signal it is a grid-leak detector circuit. The difference is not in the circuit, it is in the purpose for 
which the circuit is used. 

Unless you recall the operating principles of grid-leak biasing it may be well to go back and read about 
them in the earlier lesson. There you will find that every increase in amplitude of the incoming alternating 
voltage makes the grid more negative, while every decrease of amplitude lets the grid become less negative. 
Grid voltage follows the changes of amplitude in the applied signal, and since changes of amplitude in an 
r-f signal voltage constitute the modulation of the signal, the grid voltage of a grid-leak detector follows 
the modulation. 
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The grid being used for detection is the grid of a triode tube.Voltage on the plate circuit of the triode is 
of a value suitable for moderate amplification. Then the triode amplifies the changes of voltage which are 
appearing on its grid, just like any triode amplifier. These changes of grid voltage are following the modu-
lation of the incoming signal, so the output in the plate circuit of the grid-leak detector is the amplified 
audio signal. 

Another way of looking at the action of the grid-leak detector is to consider the grid and cathode as form-
ing a diode detector, The grid is acting like the diode plate. The grid, the plate, and the cathode are acting 
together as a triode amplifier. First there is detection in the grid-cathode circuit acting as a diode detector. 
Then there is amplification in the triode circuit, which includes the plate. 
c 
L'\ ,The grid-leak detector is more sensitive than any other type on weak signals. Rut there is distortion in 
¡le plate circuit output because grid voltage and plate voltage cannot be held at such relative values as 
will cause uniform amplification of all signal strengths while maintaining detector action. This distortion 
becomes quite objectionable on all except weak incoming signals. Nowadays we don't need the sensitivity 
of the grid- leak detector on weak signals, because our modern amplifier tubes have high enough transcon-
ductance to furnish all the amplification or sensitivity that can be used. Consequently, the grid- leak de-
tector, with its distortion, has passed out. 

PLATE DETECTOR. There is one more detector once commonly used in sound radio receivers, and now 
nearly obsolete. however, as a competent television-radio technician you are presumed to know at least the 
principles of all these things, even though not now in general use. Incidentally, after the disappearance of 
grid- leak detectors, no one used grid- leak-capacitor circuits for much of anything during many years. Then 
television made it necessary for all the technicians to learn all about grid-leak biasing. You never can tell 
what is going to happen. 

This other nearly obsolete detector is variously called a plate detector, grid bias detector, plate rectifi-
cation detector, or infinite impedance detector. The English call it an anode bend detector. A circuit for 
plate detection is shown at the left in Fig. 30-17. Ilere we have a triode tube with cathode bias. Instead of 
cathode bias we might use fixed bias from the d-c power supply. Instead of a triode we might use a pen-
tode. In any case the circuit would look just like an amplifier circuit. It becomes a detector circuit by 
choice of grid bias and plate voltage that allow detection instead of amplification as the principal result. 

Action in the plate detector is illustrated at the right in Fig. 30-17. Bias is made so highly negative that 
operation is at or near plate current cutoff. Then only the positive alternations of r-f input voltage cause 
any great flow of plate current, with the negative alternations driving the grid beyond the cutoff voltage. 
Now we have rectified the r-f voltage, very much as was done with the diode back in Fig. 30-10. The aver-
age value of plate current follows the changes of modulation, as may be seen on the right-hand side of the 
graph. 

The plate detector has a real advantage in that the grid remains so highly negative that no current can 
flow in the grid circuit. This means that detector input resistance is effectively very high, there is neg-
ligible loading of the tuned input circuit, and selectivity is good. Sensitivity to weak signals is greater 
than with a diode detector, less than with a grid-leak detector. There is scme distortion, due to working 
the tube on the sharpest part of the bend in the mutual characteristic. This distortion is lessened by using 
cathode bias instead of fixed bias. 

Now we understand detectors and how they are used. A detector plus a tunable antenna circuit plus a 
headphone equals a radio receiver. The receiver will have tone quality as near perfection a s can be had 
from whatever signal comes from the antenna. But we lack selectivity, we lack sensitivity, and we lack 
enough audio output strength to operate a loud speaker. Our receiver wouldn't be very salable in today's 
market, so in the next lesson we shall commence improving the performance. 
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LESSON NO. 31 

SELECTIVITY AND Q-FACTOR 

If we were to go about improving our radio receiver in the way the early experimenters did it we would 
try first for more audio output. Most people wanted to get rid of the headphone and acquire a " loud speaker 
set". Then they could tell their friends about some program coming in so loud that everyone in the room 
could hear it. The first attempts to get more volume consisted of adding, after the detector, a stage of audio-
frequency amplification, then two stages, and even three. Tone quality usually became progressively worse 

after the first added audio stage. 

Soon it became apparent that audio amplification after the detector didn't really increase distance over 
which reception could be had. If you could hear a program from the headphone you could hear it louder from 
the speaker, but if the signal never reached the detector it was like multiplying zero by a thousand, the an-

swer still was zero. 

The folks then went in for radio-frequency amplifications adding one or more r-f amplifier tubes between 
the antenna circuit and the detector. If everyone kept quiet and you put your ear far enough into the horn of 
the loud speaker, you almost always could hear KDKA from Pittsburgh even though you lived away out in 
Omaha. Station KDKA, as you may know, was the pioneer broadcaster. 

For our own experiments we shall go first to radio-frequency amplification. This will be a step in the 
right direction, because in a great many radio broadcast receivers we shall be working with a stage of r-f 
amplification immediately following the antenna, and there are one or more such stages following the an-

tenna in nearly every television set. 

Adding a stage of r-f amplification means adding between antenna circuit and detector input the parts 
enclosed by broken lines in Fig. 31-2. Originally we had the tuned secondary winding of the antenna coup-
ling transformer connected to the detector plate and to the audio output circuit of the detector, from which 
in the latter circuit there are connections through ground to the detector cathode. With the added r-f stage 
we connect the tuned secondary of the antenna coupling transformer to the grid of the r-f amplifier and to 
ground. From ground there is a connection through the cathode bias resistor and bypass capacitor to the 

cathode of the r-f amplifier. 

Modulated r-f voltage from the antenna transformer formerly went into the plate-cathode circuit of the di-
ode detector. Now it goes to the grid-cathode circuit of the r-f amplifier. The modulated r-f voltage is ac-
companied in the plate circuit of the r-f amplifier tube by a corresponding r-f current. This r-f current, with 
the audio modulation, is in the primary of the tuned r-f transformer. It induces a corresponding emf, at the 
modulated radio frequency, in the secondary of this transformer. The secondary emf or voltage is applied 
to the detector circuit just as was r-f voltage from the antenna transformer in the earlier hookup. 
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Fig. 31-1. A one-tube receiver of 1920. The coils and variable capacitors for tuning the antenna circuit 
are connected to the grid-leak detector at the left end of the baseboard. 

The amount of amplification in the r-f tube depends on the type of tube and on the voltages at which it 
is operated. There should be very considerable amplification or increase of modulated r-f voltage between 
input and output of the tube. There may be some additional voltage gain in the secondary of the r-f trans-
former. 

If there is close coupling between primary and secondary of the r-f transformer, and low-loss construe-
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R-F 
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B+ 

TUNED R-F 
TRANSFORMER 

DETECTOR 

Fig. 31-2. The parts added for r-f amplification are within the broken lines. 



COMMERCIAL TRADES INSTITUTE 

Lesson No.31 — Page 3 

Fig. 31-3. The tuning coils which are exposed at the right in this small signal generator are of high-Q 
construction. 

tion in the whole transformer, there is likely to be worthwhile gain. With loose coupling, poor construction, 
or both, there may be no gain or there may be an actual loss of voltage in the transformer. But in any case, 
due to amplification in the tube, we should come to the input of the detector with a much higher r-f voltage 
than before the r-f stage was added. 

In a receiver of ordinary commercial design and construction there might be a voltage amplification of 6 
times between grid and plate of the r-f tube. There might be gain of 1% times in the r-f transformer. Then 
total voltage gain of the r-f stage would be 6 times 1%, or 9 times in all. Even were there no gain in the 
transformer we still should have the tube amplification. Were there a slight loss of voltage in the trans-
former we would come to the detector with less gain than that of the tube alone, but still with more signal 
strength than from the antenna transformer secondary before the r-f stage was added. 

Whatever voltage gain may be had in the r-f stage will add to the sensitivity of the receiver. This will 
permit good reception from stations much farther away and there will be more volume from stations which 
formerly were weak. At the same time there will be a decided improvement in selectivity. Instead of hear-
ing two or three programs at once you will be able to cut out all but the one you wish to hear, unless 
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Fig. 31-4. The tuning section of a signal generator capable of producing frequencies in excess of 100 
megacycles. Iligh-Q construction is essential at such frequencies. 

station frequencies are very close together. How much or how little improvement is realized will depend to 
a great extent on how well the r-f transformer is designed and constructed. This is a matter which we must 

investigate. 

What we do to the r-f transformer to increase gain and selectivity can be done also to the antenna coup-
ling transformer, with equally beneficial results. The same things can be done to any other high-frequency 
transformer which may be added in later steps. We shall try to increase the "Q" of the circuits and parts. 

Q-FACTOR. Radio and television technicians often speak of high-Q and low-Q radio-frequency circuits 
and parts of such circuits.They talk about obtaining higher"Q" with certain changes, or about making the 
"Q" lower with other changes. The "Q" or the Q-factor of a part of a circuit is the ratio of its reactance 
to its high-frequency resistance. Using the ordinary symbols for reactance and resistance, the Q-factcr is 
equal to X/II, or to reactance in ohms divided by resistance in ohms. We shall find that high-Q is all-
important in selectivity and in voltage gain of resonant circuits. 

With no further explanation than the mere statement of the ratio, X/II, anyone might assume that a coil 
with inductive reactance of 1,000 ohms and wire resistance of 2 ohms would have a "Q" of 500, which is 
the reactance divided by the resistance. More probably the "Q" would be around 100, maybe less. The ex-
planation is that Q-factor is defined as the ratio of reactance to high-frequency resistance. High- frequency 
resistance is quite different from ordinary ohmic resistance of the wire with which the coil is wound. 
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Fig. 31-5. Energy losses in tuning capacitors depend largely on quality, position, and spacing of insul-
ation that supports the stator plates. 

High-frequency resistance refers to every waste of signal energy and takes into consideration every en-
ergy loss which may occur. The sum of all these energy losses is spoken of as resistance, because the 
same waste of signal energy could be had by connecting a resistance in series with or in parallel with a 
circuit which, in itself, had no loss of energy. The number of ohms in this equivalent real resistance would 
be the number of ohms of high-frequency resistance in the actual circuit. 

Let's get down to the real significance of this ratio of reactance to high-frequency resistance, the ratio 
that we call "Q". First consider the high-frequency resistance, which is a resistance that would cause 
energy loss equal to all kinds of energy loss put together. It goes without saying that netirly always we 
shall wish to conserve signal energy, not waste it. The less the waste of signal energy the more accept-
able will be the performance of an inductor, a capacitor, or an entire circuit. 

A small loss will mean a small value of the term R in the ratio X/II. The smaller the value of R the 
larger becomes the ratio. That is, the ratio of 1 to 2 is larger than the ratio of 1 to 4, or 1/2 is larger than 
1/4. Then a small value of R gives a high Q, because Q equals X/R. Thus we find that high-Q means the 
same as low-loss. 

Now about the X part or reactance part of the ratio. Consider first a seres resonant circuit from which 
we expect to obtain, across either the inductor or the capacitor, a signal voltage greater than the voltage 
applied across the whole circuit. The larger the reactance of the inductor or capacitor the greater will be 
the voltage across it for any given current through it. So we should like to have the highest possible re-
actance. 

Next consider a parallel resonant circuit whose prime purpose is to provide high impedance at the fre-
quency of the applied voltage.This impedance is increased by greater inductive reactance or greater capac-
itive reactance. So again we wish to have the highest possible reactance. 

The greater the reactance of the inductor, the capacitor, or both, the higher is the value of " Q", because 
the X that means reactance is the top term of the ratio or fraction. The larger the top term the larger is the 
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Fig. 3 1-6. Voltage resonance curve of a tuning coil used in television receivers. 

Q-factor. For example, 3/4 is larger than 1 14. Iligh-Q means that we shall obtain high voltage or high im-
pedance with relatively small loss of signal energy.Low-Q means lower voltage or less impedance in com-
parison with whatever losses of energy may exist. 

ENERGY LOSSES. When discussing the construction of inductors and capacitors in an earlier lesson 
there were mentioned some of the things which allow waste of signal energy. These included distributed 
capacitance, skin effect, eddy currents, and others. 

High-frequency resistance includes everything that allows signal energy or power to change into heat 
instead of progressing on through the circuits. Heating effect in receiver circuits won't be enough to notice 
as a rise of temperature — at least not the heating due to waste of signal energy. But remember, we start 
from the antenna with only a few millionths of a watt of power. All of it could change to heat without caus-
ing an apparent rise of temperature, though the power and energy would be wasted. 

High-frequency resistance includes the ordinary ohmic resistance of conductors, for this kind of resist-
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Fig. 31-7. Effect of resistance in parallel with a tuning coil and capacitor. Curve 13 shows the reduction 
of gain. Curve C shows the loss of selectivity. 

ance changes electrical energy into heat. This ohmic resistance is, however, a small part of the total high-
frequency resistance, which usually is 10 to 100 times the ohmic resistance. 

Distributed capacitance causes energy loss because high-frequency currents flow through this capaci-
tance, as through any other kind, and in conductors of the circuit these currents produce heat. Furthermore, 
the distributed capacitance and the coil inductance may be resonant at some high frequency other than the 
tuned frequency. Then there will be large currents at this self-resonant frequency, and these currents will 
cause much heating and energy loss. 

Now about skin effect. The magnetic field of a conductor carrying current exists inside as well as out-
side the conductor. In fact, this field is most concentrated at the center of the conductor. High-frequency 
magnetic fields induce strong counter-emf's inside the conductor. The counter-emf's oppose the applied 
voltage, with the result that most of the current can flow only near the outside or only in the " skin" of 
the conductor where applied voltage meets less opposition. So far as flow of current is concerned the size 
of the conductor is reduced, and the greater part of the current in the reduced cross sectional area produces 
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)>  TUNING CAPACITANCE 

Fig. 31-8. Row current is affected by added resistance in a series resonant circuit. 

more heat. This skin effect loss increases with rise of frequency, but, fortunately, only in proportion to the 
square root of frequency, not directly with frequency. 

The smaller the diameter of a wire the greater is its surface in proportion to total volume of metal in the 
wire. As a consequence, skin effect is less in small wires than in larger ones. At 1,500 kilocycles the skin 
effect in number 32 copper wire is only 1/10 as bad as in number 14 wire. Skin effect is worse in close 
wound coils than in inductors of more open construction. Skin effect in capacitors is negligible, because 
the conductors have such large surfaces in comparison with their volumes. 

There is what we call proximity effect in conductors that are close together. Magnetic fields from one 
conductor induce emf's in the other. If currents in the two conductors are in opposite directions at the 
same instant, both currents are forced into portions of the conductors that are nearest each other. Then 
there is increased high-frequency resistance in both conductors. In a bundle of wires or in stranded wire 
most of the current is forced to flow in the outer strands. 
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Eddy currents are induced in and circulate within any conductor which is being cut by magnetic field lines. 
Energy to keep these currents flowing must come from the coil or circuit in.wIr.ch the magnetic field orig-
inates. Eddy current loss is greatest in iron or steel, because of the rather high ohmic resistance of these 
metals. 

There are energy losses also in all insulating and dielectric materials reached by alternating electric 
fields. As the force of the fields pulls electrons one way and the other in the atoms there is heating of the 
material. This action is employed to good advantage in industrial electronics for heating the inner parts of 
non-conductors, as when setting the plastic cement between layers of plywood used in airplane construc-
tion. But the effect isn't any advantage in radio and television. 

Were it possible fora capacitor to have a perfect dielectric the current during charge and discharge would 
lead the voltage by 90°. But when there is energy loss, which has an effect similar to resistance, the lead 
is less than 900. Then some of the energy used during charging is not returned to the circuit during dis-
charge, but acts instead to produce heat in the dielectric. 

The percentage of total power thus wasted in heating is called the power factcr of the capacitor or of the 
dielectric material. The power factor or percentage of loss is the same for a given material whether it is 
being used as the dielectric in a capacitor or as an insulating support. Dielectric power factors in mater-
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Fig. 31-9 A selectivity curve showing signal strengths required to maintain a constant output as tuning 
of an amplifier or receiver is varied. 
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jais used around high-frequency circuits range from about 0.03% up to as much as 3%. Polystyrene is the 
best performer so far as dielectric power factor is concerned. 

Quite often you will hear references to dielectric loss factor. This factor is equal to the product of di-
electric power factor and the dielectric constant of the material. For example, steatite with a power factor 
of 0.2% and dielectric constant of 5.0 would have a dielectric loss factor of 1.0%. 

Q-FACTOR AND FREQUENCY. There are more kinds of energy losses and larger losses associated with 
coils or inductors than with capacitors. Associated with inductors and their magnetic fields we have dis-
tributed capacitance, skin effect, eddy currents, and proximity effects. Skin effect is of no importance in 
capacitors. Eddy currents may exist, but they derive their energy from nearby inductors. With well designed 
and well constructed capacitors the dielectric losses and the leakage are small. 

Because most of the energy losses and most of the high-frequency resistance are in the inductors, the 
"Q" of a resonant circuit depends chiefly on the "Q"of its inductor. Greatest improvement in circuit "Q" 
results from improvement in the inductor. The Q-factors of inductors in general use range between 100 and 

800. 

-"..t, All kinds of high-frequency resistance increase with increase of operating frequency, so the R term of 
the ratio becomes larger at high frequencies. But inductive reactance increases directly with frequency, 
which makes the X term of the ratio become larger at high frequencies. With both terms increasing or de-
creasing together, the value of the ratio, or the "Q" of the inductor, may remain about the same through-
out a considerable variation of frequency. 

(e'ln)The Q-factor of a capacitor must always decrease as frequency rises. As frequency goes up, capacitive 
reactance becomes less and the X term of the ratio gets smaller. At the same time there is increase of high-
frequency resistance with rise of frequency, and the R term of the ratio gets larger. Then the value of the 
ratio, or of the Q-factor, becomes progressively less. 

SELECTIVITY. Selectivity, as mentioned before, is the ability of a circuit, an amplifying stage, or an 
entire receiver, to select a single frequency and its modulation while more or less conpletely excluding 
other frequencies.When studying resonance in earlier lessons we examined curves showing voltages devel-
oped in resonant circuits at various frequencies. We always found much higher voltage or greater response 

at the resonant frequency than at frequencies below and above resonance. 

t,i)A curve showing relations between applied frequency and the signal voltage or current developed in a ( 
circuit is called a resonance curve for that circuit. The sharper the peak and the steeper the sides of a 
resonance curve the greater is the selectivity, because this means greater signal voltage at the selected 
resonant frequency and less voltage at all other frequencies. 

Pig. 31-6 is a voltage resonance curve showing performance of a small coil such as used in television 
intermediate-frequency amplifiers. The coil was tuned to resonance at a frequency slightly above 25 mc, 
using an air-dielectric tuning capacitor to represent circuit and tube capacitances which would do the tun-
ing in an actual television receiver. The voltage rises much higher at resonance than at frequencies either 
side of resonance. A signal at the resonant frequency would be strengthened much more than signals at 

other frequencies. This indicates good selectivity. 

Fig. 31-7 shows the effect of resistance in a resonant circuit on both gain and selectivity. The tests 
whose results are shown here were made with an antenna coupling transformer of a type often used in small 
broadcast receivers for sound radio. An adjustable capacitor was used to tune the transformer secondary 
winding to resonance at about 1,100 kilocycles. Curve A shows voltage developed across the secondary at 
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Fig. 31-10. Measuring selectivity by means of two signal generators, one of which furnishes an interfer-
ence frequency. 

frequencies between 600 and 1,000 kilocycles with constant voltage input to the primary winding from a 
signal generator.Then a resistor of 15,000 ohms was connected in parallel with the secondary winding and 
the tuning capacitor.Theresult on developed voltage is shown by curve B. Maximum voltage is much lower, 
which indicates a considerable reduction of gain. 

To compare the selectivity with and without the paralleled resistor it is necessary to multiply all the 
voltage values on curve B by a factor which makes the peak voltage equal to the peak of curve 4. This is 
equivalent to turning up the volume control of a receiver. The result is shown by broken- line curve C. This 
curve is much less sharply peaked than curve A, showing that selectivity has been reduced by the resist-
ance. 

A similar reduction of selectivity and gain would result from resistance connected in series with the 
transformer winding or with the tuning capacitor. The fixed resistor used for testing is the equivalent of 
high-frequency resistance in the resonant circuit, since there is dissipation or loss of energy in the resistor 
just as there would be in any kind of high-frequency resistance. 
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Fig. 31-11. Selectivity is affected by signal pickup on wiring and parts of a receiver. This is a test of 
such pickup in an r-f field. 

Fig. 31-8 illustrates the effect of resistance in a series resonant circuit. The curves show changes of 
current in the resonant circuit as the tuning capacitance is varied. Curve A was made with the coil and 
capacitor alone, which had a measured resistance of approximately 5 ohms. Curve B was male with a 5-ohm 
fixed resistor added in series with the resonant circuit, to double the resistance. Curve C was made with a 
10-ohm added series resistor.The added resistors, which are equivalent to added high-frequency resistance, 
cause serious reductions of gain and selectivity. 

So far, we have discussed selectivity with reference to resonance curves. Another method of showing 
selectivity is illustrated by Fig. 31-9. Here we have what is called a selectivity curve, not a resonance 
curve. The selectivity curve shows relative strengths of input signal, at frequencies below and above res-
onance, required in order to maintain the same output as at resonance. 

In making a selectivity curve the tested circuit or amplifier is tuned to resonance at any frequency, 
usually at the center frequency of some broadcast channel. A signal generator used for supplying the input 
voltage is tuned to the same frequency. Output of the circuit or amplifier is measured by means of any suit-
able voltmeter. To begin with, the signal generator voltage is male as low as will allow obtaining a dis-
tinct indication of resonance on the voltmeter. 

Then the circuit or amplifier is detened to some frequency slightly below resonance, without changing 
the signal generator frequency, and the generator voltage is increased to bring the output back to its orig-
inal value or to bring the reading of the voltmeter to its original value. This process is continued, with 
the circuit or amplifier tuned further and further from resonance while noting the number of times the gen-
erator voltage must be increased at each frequency to keep the output constant. 

These multiples of the original generator voltage at each frequency are shown by the lower-frequency 
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side of the selectivity curve. Next, the circuit or amplifier is tuned through many frequencies above reso-
nance while generator voltage again is increased as required to maintain the original output. These mult-
iples of the original generator voltage are shown by the higher-frequency side of the curve. 

Fig. 31-9 shows selectivity as measured on a small receiver for standard radio broadcast. In the stand-
ard broadcast band there are adjacent channels 10 kilocycles below and 10 kilocycles above that of the 
center frequency at which the circuit or amplifier was first tuned to resonance. At 10 kilocycles below 
resonance the curve shows that about 40 times as much input is required, and at 10 kilocycles above reso-
nance nearly 50 times as much, to produce the same output as at resonance. These relative strengths of 

input signal are a measure of " adjacent channel sensitivity." 

The second channels are 20 kilocycles below and above the first channel. Our selectivity curve shows 
at 20 kilocycles below resonance an input signal about 600 times, and at 20 kilocycles above resonance an 
input almost900 times as great as at resonance for equal outputs. These are measures of " second channel 
selectivity." Selectivity curves have to be drawn with a logarithmic vertical scale in order to cover the 
great change of input voltage while clearly showing conditions near resonance on a graph of any reason-

able size. 

A selectivity test as just described does not duplicate the conditions of actual operation, because there 
is only a single input signal at any one time. In practice, the selectivity or lack of it shows up when a 
second interfering signal is trying to come in along with the signal you desire. 

Actual conditions are more nearly duplicated by using two signal generators, as in Fig. 31-10. One gen-
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Fig. 31-12. Selectivity is better at low signal frequencies than at high ones. These curves show selectiv-
ity of a certain broadcast receiver at three center frequencies. 
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ig. 31-13. How gain and selectivity would be improved by using two similar r-f amplifying stages instead 
of one stage. 

erator supplies a signal at the frequency to which the receiver is tuned. The second generator supplies a 
signal at any other " interfering" frequency. Signals from both generators are fed to the antenna input term-
inals of the receiver being tested. The receiver in the picture is enclosed within a copper box which forms 
a shield against any signals not intentionally introduced from the generators. Interfering radio frequencies 
are removed from the power line connection by a filter at the left of the receiver. Receiver output is meas-
ured by a type of output meter which responds to the audio signal or to the modulation used on the r-f volt-

ages from the generators. 

After both signal generators are adjusted to give equal readings of the output meter at the tuned frequency, 
modulation is turned off in the generator giving the desired frequency but its r-f signal is allowed to remain. 
Modulation remains turned on in the generator furnishing the interfering signal, to cause readings on the 

output meter. 

Now the interference signal generator is tuned to various frequencies below and above the tuned resonant 
frequency of the receiver. At each frequency the interfering voltage is increased to bring the output meter 
reading back to its original value. The number of times the interference voltage must be increased at each 
frequency is used in drawing a selectivity curve like that of Fig. 31-9. 

® Still another kind of selectivity test is pictured by Fig. 31-11. This is a check on the degree of interfer-
ence pickup by wiring and other parts of the receiver. The receiver is mounted between but insulated from 
two metal plates to which are connected the leads from the signal generator. In the space between the 
plates, and around the receiver, will exist a radio-frequency electromagnetic field similar to that from inter-
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fering radio stations. The field frequency and strength are controlled by adjustment of the signal gener-
ator. Receiver response may be measured by any suitable type of output meter. 

With the signal generator tuned to various frequencies its output voltage is made such as will maintain 
the same receiver output as at the tuned frequency for desired reception. These voltages are plotted on a 
selectivity curve. 

You will find that the selectivity of any receiver is better when tuned to low frequencies than to high 
ones.Fig.31-12 shows three selectivity curves made from the same broadcast receiver. The full-line curve 
was made by tuning30 kc below and above 600 kc, with the signal generator remaining at 600 kc. The curve 
with long dashes was made with a center frequency of 1,000 kc. The short dashed curve was made with a 
center frequency of1,500 kc. These are the three frequencies usually tested in the standard broadcast band. 

At 10 kc below resonance an interfering signal has to be about 90 times as strong as at resonance on the 
600 kc curve, but on the 1,500 kc curve the interfering signal has to be only a little more than 20 times as 
strong as at resonance to produce -equal outputs. At 20 kc below resonance the interfering signal on the 
600 kc curve has to be nearly 2,000 times as strong, but on the 1,500 kc curve only 290 times as strong as 
at resonance. All this comes about because high-frequency resistance or energy loss is much greater at 
1,500 kc than at 600 kc. 

Selectivity is increased also by passing a signal through additional resonant circuits tuned to the same 
frequency. To illustrate what would happen with more tuned circuits we shall first go back to curve B of 
Fig. 31-7, the curve which shows the poor selectivity and reduced gain resulting from resistance in a tuned 
circuit. Assume that curve B shows voltage output from a stage of r-f amplification when the input signal 
strength is constant at 0.5 volt for all frequencies. At resonance, around 1,100 kc the output is nearly 3.0 
volts, so at resonance there is gain of nearly 6 times. The gain is less at other frequencies. 

The output voltage shown by curve B might be fed into another amplifying stage of exactly the same char-
acteristics, becoming the input for this second stage. Assuming that this second stage has no more gain 
and no more selectivity than the first one, the signal at each frequency would be amplified to the same 
degree as in the first stage. 

The result of adding the second stage of tuned r-f amplification is shown by Fig. 31-13. The curve at 
the bottomrepresents the same voltage at each frequency as was shown by curve B in Fig. 31-7. The reason 
the curve appears even flatter than before is because we are using a different voltage scale, a scale that 
extends from zero to 20 volts rather than to only 5 volts as in the earlier figure. With this lower curve rep-
resenting the input for the second stage of amplification, the output voltage from that second stage would 
be as shown by the upper curve. 

The added stage of r-f amplification has, by itself, just as little gain and just as poor selectivity as the 
first stage. Yet the overall result shows much better selectivity and, naturally, shows much more total 
gain in voltage. Selectivity still isn't at all good, but it is a great improvement over that of a single amp-
lifying stage. Were both stages to be of high-Q construc tion, with good selectivity in both, the overall sel-
ectivity would be very good. 

Now that we háve become acquainted with the relations between selectivity and any resistances or energy 
losses in resonant circuits it will be easier to understand the effects on selectivity of using different types 
of detectors. Connecting the output side of a tuned circuit to a diode detector has the same effect on sel-
ectivity as connecting a resistor across the tuned circuit. This is true because there is flow of current in 
the diode detector just as there is flow of current in the resistor, and the effects are alike. There would 
be similar loss of selectivity in a resonant circuit connected to a grid-leak detector, because a detector of 
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Fig. 31-14. The secondary circuit of a tuned r-f transformer is really a series resonant circuit. 

this type allows current to flow in its grid circuit. But a plate detector, which allows no current in its grid 

circuit, would not lessen the selectivity. 

Especially when vtorking with television receivers you will be struck by the great difference between 
selectivity of transformers connected to the video detector, a diode type, and the selectivity of similar 
transformers in stages ahead of the detector. There is the same effect in broadcast sound receivers which 

employ diode detectors. 

You will discover too that a transformer whose primary winding is in the antenna circuit usually is less 
selective than a similar transformer whose primary is in the plate circuit of an amplifier tube. This is be-
cause antennas and their connections have rather large energy losses, and the effect of the high-frequency 
resistance in the primary circuit is carried over into the secondary by the mutual inductive coupling between 

primary and secondary. 

TUNED R-F TRANSFORMERS. When studying power transformers we learned about turns ratio and volt-
age ratio, and learned that there may be a step-up of voltage from primary to secondary. This relation be-
tween turns ratio and voltage ratio is due to the very close coupling between primary and secondary in such 
transformers. There is close coupling because the iron core provides a closed magnetic circuit which con-
fines the magnetic field lines so that almost all the lines from the primary cut through the secondary turns. 

In air-core r-f transformers the coupling is quite loose. The magnetic field of the primary winding spreads 
out and many of its lines fail to cut through the secondary turns. In r-f transformers having powdered iron 
cores the coupling is closer than with air cores, but because the powdered iron core does not form a closed 
magnetic circuit there is spreading of the field and many of the lines from the primary fail to cut the second-

ary. 

In r-f transformers there is no direct relation between primary to secondary turns ratio and the voltages 
in primary and secondary. Were the voltage ratio to be the same or nearly the same as the turns ratio, using 
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Fig. 31-15. A tuned impedance coupling between the tuned antenna circuit and the diode detector. 

fewer turns in the primary would mean higher secondary voltage in relation to primary voltage. But with 
fewer primary turns you will have less secondary voltage, because you are reducing the coupling and the 
transfer of energy. 

More primary turns with the same number of secondary turns will increase the secondary voltage in rela-
tion to primary voltage. This is because the bigger primary allows closer coupling with the secondary, and 
greater transfer of energy to the secondary. Also, more primary turns increase the primary inductance, and 
more inductance in either winding or in both will increase the coupling and the transfer of energy. 

When a primary winding is coupled to a tuned secondary winding in an r-f transformer there is an increase 
of apparent inductance in the secondary. The resonant frequency of the secondary is somewhat lower than 
it would be without the primary present. The added effective inductance is coupled into the secondary from 
the primary. The effect of added inductance increases with greater inductance in the primary and with 
closer coupling between the two windings. With usual constructions of r-f transformers the secondary fre-
quency is dropped by five to ten per cent under what it would be without the primary. Consequently, a sec-
ondary winding is designed with somewhat less inductance then required for tuning with whatever capaci-
tance is present. The difference is made up by coupling to the primary. 

When you look at a diagram showing a tuned r-f transformer, as in Fig. 31-2, the secondary winding and 
tuning capacitor look like a parallel resonant circuit. But the tuned secondary acts like a series resonant 
circuit, and is in fact a series resonant circuit. 

Fig. 31-14 will show why the tuned secondary is a series resonant circuit. At A we have the usual form 
of diagram, with aprimary coupled to the secondary. Changes of current and magnetic field in the primary 
winding induce an alternating end in the secondary. This induced end is the only source of voltage in the 
secondary circuit. Therefore, as in diagram B, we may take away the primary and show the induced emf in 
series with the coil and capacitor of the secondary circuit. Output voltage is taken from across the coil or 
from across the capacitor. 

Now we have in series with one another the inductance of the coil,the capacitance of the capacitor, and 
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the source of energy, just as in any series resonant circuit. The true state of affairs becomes more evident 
when we redraw the circuit as at C. Although connections are exactly the same as before, this diagram looks 
more like a series resonant circuit. Output voltage is being taken from across the inductance, as is usual 
practice with series resonant circuits. 

We have learned that voltage across either the inductance or the capacitance of a series resonant circuit 
is much greater at resonance than is the applied voltage. In the present case the applied voltage is the in-
duced emf. Voltage across the ends of the inductance, and across the capacitance too, should be much 
greater than the value of the induced emf, and it will be much greater if the Q-factor of the circuit is reas-
onably high. 

The higher the "Q" of the secondary circuit the greater will be the gain with reference to the induced 
emf. The induced emf is increased by closer coupling between primary and secondary, for then there is 
greater transfer of energy. As a consequence of all this there is effective gain of secondary output over 
primary input in a well designed r-f transformer. The voltage gain, or step-up, is not the result of high 
turns ratio but is the result of close coupling and of resonant gain in the secondary, which is acting like a 
series resonant circuit. 

TUNED IMPEDANCE COUPLING. We commenced this lesson, back in Fig. 31-2, by adding to our orig-
inal one-tube receiver a stage of r-f amplification in which output of the r-f amplifier is coupled to the de-
tector input by means of a tuned r-f transformer. In Fig. 31-15 we have taken out the r-f transformer and 
substituted a tuned impedance coupling. Here we have a parallel resonant circuit that not only looks like 
a parallel resonant circuit but acts like one. 

Direct plate current and voltage come to the plate of the r-f amplifier tube through resistor R from the 
B+ line of the power supply. Capacitor Cb is a blocking capacitor that allows modulated radio-frequency 
current from the plate circuit to pass through the tuned impedance coupling, but keeps direct voltage and 
current out of the coupling. Modulated radio-frequency voltage from across the parallel resonant circuit of 
the coupler is applied to the detector. 

There are really two plate circuits, one for direct voltage and current, the other for r-f voltage and cur-
rent. The d-c plate circuit is completed through resistor R. Here we have high resistance to r-f current as 
well as to direct current, and most of the r-f current has to pass through capacitor Cb. The r-f plate circuit 
is completed through capacitor Cb, the tuned impedance coupling, capacitor Cd, the ground connections, 
and the capacitor across the biasing resistor of the r-f amplifier back to the cathode of this tube. 

Impedance to r-f current in the plate circuit is maximum at the frequency to which the parallel resonant 
coupler is tuned. Since amplification of a tube depends on impedance in its plate circuit there will be max-
imum amplification at the tuned frequency and relatively little amplification at frequencies below and above 
resonance, where the impedance is less. 

Increase of signal voltage in the r-f stage of Fig. 31-15 is due entirely to amplification of the tube. Noth-
ing is contributed by any resonant gain in the tuned circuit, because there is no such gain in a parallel 
resonant circuit used to provide maximum impedance at a tuned frequency. That is, there can be no gain in 
the sense of having greater voltage across either the inductance or the capacitance than the voltage ap-
plied to the circuit, as there is with series resonance. The whole object of the parallel resonant circuit is 
to provide greatest possible impedance in the plate circuit at the frequency to be amplified, and thus to 
raise the tube amplification as high as possible at this frequency. 

Tuned impedance r-f coupling seldom is used in sound radio receivers. In the video i-f amplifiers of tel-
evision receivers this type of coupling is used more than any other. We shall have much to do with tuned 
impedance coupling as we get into the details of television receivers. 
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Before anyone added radio-frequency amplification to a receiver the experimenters tried all kinds of 
tricks to make the detector more sensitive to weak signals. We had Armstrong regenerators, Bishop ultra-
regenerators, Cockaday tuners, Flewelling super-regenerators, Reinartz tuners, and a host of others. Some 
of these old time hookups are shown by Fig. 32-1. Most of them depended on tuning both the antenna and 
the detector circuits to get utmost resonant gain, and then they fed some of the energy from the plate circuit 
back into the grid circuit to give the grid a still greater push on every signal alternation. 

Adjustments were too critical for any except the most determined operators to master. Just when the sig-
nal came in loudest for ordinary folks it would change into the wail of a banshee in distress. That was be-
cause the detector changed itself into an oscillator and began producing signals on its own. 

Adding one stage of r-f amplification helped a lot, but not enough. Two r-f stages really would bring in 
the stations so long as you stayed with the low frequencies, near the bottom of the broadcast band. The 
minute you tuned to higher frequencies one or both the r-f amplifiers would change themselves into oscil-
lators and produce loud shrieks instead of sweet music from the speaker. The worst of it was that when an 
amplifier became an oscillator the receiver became a transmitter and every listener in the neighborhood 
heard your wailing from their own set. The receivers putting on this performance were called "bloopers". 

The bloopers blooped because of energy fed back from plate to grid through capacitance within the tubes. 
In those days there were no pentodes, not even screen grid tetrodes, only triodes. Then came the era of 
playing tricks on this feedback, of trying to balance the internal feedback .with an equal and opposite ex-
ternal feedback. We had the isofarad balancing circuit, the Rice balancing circuit, the Roberts balancing 
circuit, and, probably best known of all, the neutrodyne sets. For a long time the neutrodyne was just about 
the last word in radio reception. 

The big trouble with all these "tuned radio frequency" receivers was oscillation at the higher broadcast 
frequencies, with amplifiers changing into oscillators and producing unearthly sounds. The alternative was 
to hold amplification at a low level; Only slightly less troublesome was the difficulty of tuning. Popular 
sets, like the one pictured in Fig. 32-2, had three separate tuning dials on the front panel. To tune the 
firstr-f amplifier, the second r-f amplifier, and the detector input all to the same frequency at the same time 
was a genuine accomplishment, if you could do it. Adding a third r-f amplifier to bring up the output made 
oscillation practically certain and made tuning next to impossible. 

During those days of fighting unwanted oscillation and the intricacies of three tuning dials there was 
one receiver that didn't become a blooper at even the highest broadcast frequencies, that had a world of 
amplification, and that could be tuned to any frequency by manipulating only two dials. This was the super-
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Fig. 32-1. Some of the old-time radio tuning circuits. 

heterodyne. Probably everyone would have used the superheterodyne circuit except for the fact that the 
principle was thoroughly covered by patents. 

Nowadays the superheterodyne and its associated improvements, including only a single dial for tuning, 
may be used under a license agreement with the patent owners. And what has been the result? Every tele-
vision receiver has a superheterodyne tuner. The front end of every f-m broadcast receiver is a superhet-
erodyne tuner. And except for a few of the smallest every standard broadcast receiver is a superheterodyne. 
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Vig. 32-2. A three-dial tuned radio frequency receiver of 1925. 

Obviously we must learn how the superheterodyne, by using an oscillator that oscillates intentionally, does 
away with oscillation in amplifier and detector circuits and reduces tuning to the utmost simplicity. 

The superheterodyne avoids oscillation in amplifying stages by carrying out almost all the amplification 
at a frequency so low that there is no real tendency to oscillate. This requires changing all the different 
received frequencies into one lower frequency which is called the intermediate frequency. Because this 
intermediate frequency remains the same no matter what may be the received carrier frequency all the inter-
mediate-frequency amplifying stages are tuned once, and require no changes when going from station to 
station or from channel to channel. 

All the received frequencies are changed to the single intermediate-frequency, still carrying the original 
modulation, by a process called beating. The incoming signal frequency is made to beat with or mix with 
another frequency produced by an oscillator which is built into the receiver. The received frequency and 
the local oscillator frequency beat together in a tube called the mixer. Out of the mixer comes the lower 
intermediate frequency. By tuning the local oscillator to a frequency suitable for each different received 
carrier frequency the intermediate frequency is made to remain the same no matter what carrier is being 
received. Then it is simply a case of amplifying this relatively low intermediate frequency with as many 
stages as seem desirable. 

e of the two tuning dials of the early superheterodynes adjusted the frequency of the local oscillator 
to suit each received frequency. The other dial tuned the antenna circuit or tuned the circuit of the r-f amp-
lifier tube. Operating only the two dials would change any frequency coming from the antenna to the one 
intermediate frequency, which then could be tremendously amplified by following stages of i-f (intermediate-
frequency) amplification. In all later superheterodynes a single tuning dial operates the two capacitors or 
two inductors for both the local oscillator and the carrier frequency. 

Fig. 32-3 is a picture of a television tuner. On top may be seen three miniature tubes. The one at the 
left is the r-f amplifier. In the center is the mixer. At the right is the oscillator. Immediately below the tube 
shelf appear some of the coils, resistors, and small fixed capacitors which are parts of the tuned circuits. 
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Fig. 32-3. Capacitance tuned television tuner with separate tubes for r-f amplifier, 
oscillator, and mixer. 

The circuits in this particular tuner are made resonant at frequencies for the various channels by means of 
the variable capacitors whose movable plates are visible in the lower part of the unit. This is only one of 
the many styles of tuners with which we shall become acquainted. 

Before we can discuss the details of tuners and how they utilize the principles of the superheterodyne 
circuit it will be necessary to understand the fundamental principle of producing the intermediate frequency 
by beating, and to understand how the local oscillator produces the frequency which beats with the carrier. 
The method of producing a beat frequency is quite simple, so we shall give it our first attention. 

BEAT FREQUENCIES. We shall assume, to begin with, that a received carrier frequency is unmodu-
lated, that it has passed through a stage of r-f amplification and is brought into the grid circuit of our 
mixer tube. This travel of the carrier frequency voltage is shown by Fig. 32-4. At the same time the os-
cillator is producing another voltage at somewhat higher frequency, and this oscillator voltage is put into 
the grid circuit of the mixer. Now we have at the mixer grid or in the grid-cathode circuit of the mixer two 
different voltages at two different frequencies. One is the carrier signal voltage, the other is the oscillator 

voltage. 

What happens to the two voltages is illustrated by Fig. 32-5. At the top are represented 14 cycles of sig-
nal voltage. For purposes of explanation we shall assume that the time is one second, or that the frequency 
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of the signal voltage is 14 cycles per second. Below the signal voltage are represented 16 cycles of oscil-
lator voltage. Since the time, from left to right, is the same for both voltages the frequency of the oscillator 
voltage must be 16 cycles per second. 

How the amplitudes of the two voltages combine is shown at the bottom of the figure. At instant 1 the 
signal voltage and oscillator voltage are in phase. They add together to produce a voltage or amplitude 
equal to their sum. So at this instant we have a high peak in the combination voltage down below. Then, 
due to the difference between frequencies and time periods per cycle, the two voltages get farther and far-
ther out of phase until, at instant 2, they are of opposite phase. Now the combined voltage is only the dif-
ference between oscillator and signal voltages, and there is a low peak or small amplitude in the combined 
voltage. 

At instant 3 the signal and oscillator voltages have come back into phase, and there is a second high 
peak in the combined voltage that is going to the mixer. At instant 4 the original voltages again are of op-
posite phase, and produce a low amplitude, and at instant 5 they are back in phase to produce a high am-
plitude. Thus the action continues. 

It is perfectly plain that we have at the bottom of Fig. 32-5 a modulated high-frequency voltage. The 
modula tion has resulted not from applying a low modulating frequency to a high frequency, but from beating 
of two high-frequency voltages. What is the modulation frequency, in cycles per second? The variations of 
high-frequency voltage commence with a maximum amplitude and go through minimum amplitude back to 
maximum twice. Then we have two cycles of modulation. The time is one second, so the modulation fre-
quency is two cycles per second. But the difference between 16 cycles per second of oscillator voltage and 
14 cycles per second of signal voltage is two cycles per second. It always is true that mixing or beating 
of two different frequencies produces a new frequency equal to their difference. This difference frequency 
is called the beat frequency. 

ANTENNA 
COUPLING 

ANTENNA 

R-F 
AMPLIFIER 

MIXER 

TO I-F 
AMPLIFIER 

Fig. 32-4. The received signal frequency and the oscillator frequency are fed to the mixer. 
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Fig. 32-5. The radio frequency and oscillator frequency combine to produce modulation at 
the beat frequency. 

THE MIXER. In the voltage wave shown at the bottom of Fig. 32-5 we do not have the beat frequency, 
we have only a high-frequency voltage that is modulated at the beat frequency. To obtain the beat frequency 
itself we must do with this modulated voltage just what we would do with any other modulated voltage in 
order to obtain the modulation frequency, which here we are calling the beat frequency. To obtain the beat 
frequency we put the modulated high-frequency voltage into a detector and take the beat frequency from the 
output of the detector. 

The detector used for obtaining the beat frequency ordinarily is called the mixer. Some manufacturers 
call it the first detector, because it really is a detector and because farther along in the receiver we shall 
use a second detector for demodulating the modulated intermediate-frequency signal voltage. Nearly all 
mixers are triodes or pentodes operated either as grid-leak detectors or else cathode-biased detectors. 

\Uth either method of operation the mixer grid is biased so far negative that only the more positive alter-
nations of the applied high-frequency signal voltage cause pulses of plate current to flow. Then the aver-
age value of plate current varies according to the modulation or according to the beat frequency. Current 
and voltage in the plate circuit load of the mixer tube vary at the beat frequency. 
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It is apparent in Fig. 32-5 that the amplitude of the modulation is exactly the same as that of the signal 
voltage shown at the top of the figure. That is, the difference between the highest and lowest peaks of the 
combined voltage is the saine as between positive and negative peaks of the incoming r-f signal. Every 
change in r-f signal voltage will cause a proportional change in the beat frequency voltage. With actual op-
erating conditions there will be changes in the incoming r-f voltage, because that voltage will be modu-
lated with the television signal or a sound signal for standard broadcast. Since every change in the r-f 
voltage will appear in the beat-frequency voltage, the television signal or sound signal modulation will re-
appear in the beat-frequency voltage. This beat voltage is the intermediate frequency to be further ampli-
fied, and so we find the original television or sound signal modulation coming through as modulation of the 
intermediate frequency voltage. 

The mixer not only changes the original signal-modulated carrier frequency to a signal-modulated inter-
mediate frequency, but it also provides a certain amount of amplification or voltage gain. This we should 
expect, because in both the grid-leak detector and the cathode-biased detector the changes of voltage pro-
duced on the grid are amplified by triode or pentode action in the plate circuit, and the mixer is one or the 
other of these detectors. 

Ç..,)You will recall that the increase of signal strength in amplifier tubes is proportional to the characteris-
tic which we call transconductance. Transconductance is the ratio of signal current in the plate circuit to 
signal voltage on the grid, and is equal to the quotient of dividing the microamperes of plate signal current 
by the volts of grid signal. Such a division gives transconductance in micromhos. The transconductance of 
a mixer tube is arrived at in just the same way, and it is equal to a number of micromhos found from divid-
ing microamperes of plate signal current by volts of grid signal. This characteristic of a mixer tube is 
called its conversion transconductance. All this is mentioned because you will hear a good deal about con-
version transconductance, and you should understand its meaning. 

INTERMEDIATE FREQUENCIES. In the demodulated output from the mixer tube we have the beat fre-
quency or difference frequency which is to be the intermediate frequency for our receiver. But, while the 
average value of plate current is varying at the beat frequency, we still have pulsations at all the original 

frequencies. 

CHANNEL 4 
VIDEO CARRIER 

67.25MC 

OSCILLATOR 

93.00MC 

OUTPUT FREQUENCIES 

CARRIER CSCILLATOR DIFFERENCE SUM 

93.00 93.00 
—67.25 +67.25 

67.25 93.00 25.75 160.25 

INTERMEDIATE 
FREQUENCY 

Fig. 32-6. The four principal frequencies in the output of a mixer. 
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Fig. 32-7. A coupling between mixer and first i-f amplifier is tuned to the beat frequency 
or intermediate frequency. 

In order to have some actual frequencies for illustrating what happens we shall assume, as in Fig. 32-6, 
that we are tuned to television channel 4 where the video carrier frequency is 67.25 mc (megacycles), and 
that the local oscillator is tuned for 93.00 mc. These are the two frequencies applied to the mixer grid. In 
the mixer output or in the mixer plate circuit we have four frequencies. We still have the original carrier 
frequency of 67.25 mc and also the original oscillator frequency of 93.00 mc. We have the beat frequency 
which is the difference between oscillator and carrier, or is 25.75 mc. This is the intermediate frequency 
which we intend to use. The fourth output frequency is the sum of the oscillator and carrier f equencies, or 
160.25 mc. 

eIn addition to the two original frequencies and their difference and their sum there will be multiples of the 
original frequencies. These multiples are called harmonic frequencies. Later on we shall learn more about 
harmonics. Just now we need know only that any tube which is biased to act like a detector will produce 
multiples or harmonics of all the frequencies applied to its grid circuit. We here would have the second 
harmonic of the carrier frequency, which would be 134.50 mc, and a second harmonic of the oscillator fre-
quency, which would be 186.00 mc, and still higher harmonics as well. 

All that we need do in order to get rid of everything except the difference frequency or the desired in-
termediate frequency is couple the output of the mixer to the grid of the following intermediate-frequency 
amplifier tube through a circuit tuned to resonance at the intermediate frequency. Such a coupling, of the 
tuned impedance type, is shown by Fig. 32-7. Whatever the type of coupling it is tuned to the intermediate 
frequency which, in our example, would be 25.74 mc. This frequency receives maximum amplification, 
while all the other unwanted frequencies receive little or no amplification. 

Supposing now we wish to change from television channel 4 to channel 5 for reception. In channel 5 the 
video carrier frequency is 77.25 mc. We do not want to alter the intermediate frequency. In fact, we could 
not alter the intermediate because our whole i-f amplifying system is permanently tuned to this one frequen-
cy. This fixed intermediate frequency is one of the big advantages of the superheterodyne. 

Since we cannot change the intermediate frequency we must change the oscillator frequency so that it 
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will beat with the carrier of channel 5 to produce our fixed intermediate frequency of 25.75 mc. The new 
oscillator frequency must be 103.00 mc because the difference between 103.00 mc and the channel-5 carrier 
frequency of 77.25 mc is our intermediate frequency of 25.75 mc. The way we actually determine the re-
quired oscillator frequency is by adding the carrier frequency and the intermediate frequency; 77.25 mc plus 

25.75 mc equals 103.00 mc. 

Every time we wish to change channels or change the received signal it is necessary only to re-tune the 
r-f amplifier and also re-tune the local oscillator so that the difference between oscillator and carrier fre-
quencies always remains equal to the intermediate frequency for which the receiver is designed and ad-
justed. Following is a list of video carrier frequencies for the various television channels, together with 
the oscillator frequency required for each channel when the video intermediate frequency is 25.75 mc. 

Channel Carrier Oscillator Channel Carrier Oscillator 

2 55.25 81.00 
3 61.25 87.00 
4 67.25 93.00 
5 77.25 103.00 
6 83.25 109.00 

175.25 201.00 
8 181.25 207.00 
9 187.25 213.00 
10 193.25 219.00 
11 199.25 225.00 
12 205.25 231.00 
13 211.25 237.00 

Fig. 32-8. Ganged capacitor for tuning r-f, oscillator, and mixer circuits in a combination 
a-m and f-m receiver. The upward extending rods are for push buttons that will 
tune five signal frequencies. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 32 — Page 10 

Were the intermediate frequency to be something differtnt from 25.75 mc all the oscillator frequencies 
would have to be changed accordingly. Most intermediate frequencies of television receivers are between 
25.75 and 26.75 mc, although some are in the range around 36 to 37 mc. As an example, were the video in-
termediate frequency of a receiver to be 26.60 mc the oscillator frequency for channel 4 would have to be 
the sum of the channel-4 video carrier frequency, 67.25 mc, and the intermediate frequency of 26.60 mc, 
which comes to 93.85 mc for the oscillator. The oscillator frequencies for other channels would undergo 

similar changes. 

Now let's see how signal modulation of the carrier reappears as the same signal modulation of the in-
termediate frequency. We shall assume that the television receiver is tuned to channel 4, where the video 
carrier frequency is 67.25 mc, and assume also that there is signal modulation of 3.25 mc at some one in-
stant of time. We take these figures merely to provide a simple explanation; and other channel frequency 
and any other modulation frequency would work out in similar fashion. The accompanying tabulation lists 
all the frequencies existing at the selected instant. The oscillator frequency remains constant so long as 

we are tuned to the same channel. 

No Modulated Modulated 
Modulation (upper sideband) (lower sideband) 

Oscillator frequency = 93.00 93.00 93.00 

Carrier frequency = 67.25 70.50 64.00  

Intermediate frequency = 25.75 22.50 29.00 

The intermediate frequencies are the difference frequencies between oscillator and carrier. With no modu-
lation the intermediate center frequency is 25.75 mc, for which we assume the receiver is designed. The in-
termediate frequency resulting from the upper sideband in the carrier is 22.50 mc. This differs from the un-
modulated intermediate frequency by 3.25 mc. The intermediate frequency resulting from the lower sideband 
is 29.00 mc, which again differs from the unmodulated intermediate by 3.25 mc. Thus we find exactly the 
same signal modulation in the intermediate frequency as in the carrier and its modulation. 

You will note that there is reversal of upper and lower sideband frequencies between carrier and inter-
mediate. The upper sideband frequency on the carrier is higher than the frequency of the unmodulated car-
rier, but the resulting modulation of the intermediate is lower than the unmodulated intermediate frequency. 
There is similar reversal of the other sideband frequency. This makes no real difference in reception, be-
cause the voltages are not yet detected or demodulated and we may use either the positive or the negative 

side of the voltage wave. 

OSCILLATORS. While examining the principles of superheterodyne reception we have mentioned the os-
cillator as producing a high-frequency voltage, but have said nothing about how the oscillator does its work. 
The oscillator which is part of the superheterodyne tuner used d-c power from the B-supply of the receiver 
to maintain alternating currents and voltages at the resonant frequencies of inductance and capacitance in 
the oscillator circuit. From now on we shall call this part of the tuner the r-f oscillator rather than the local 
oscillator to distinguish it from other oscillators used in the same receiver for sweeping the electron beam 

in the picture tube. 

More than a dozen different types of oscillator circuits are in use or have been used in television and 
radio apparatus to produce high-frequency voltages of approximate sine-wave form such as required in the 
superheterodyne tuner. We shall examine two of these types in detail, and later may look briefly at some of 
the others. One of the two types is called a Colpitts oscillator, used in the tuners of the great majority of 
television receivers. The other is the Hartley oscillator, used in a great many sound radio receivers. Both 

types are used in signal generators and other testing instruments. 
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Fig. 32-9. The parts of a Colpitts oscillator circuit. 

Colpitts and Hartley oscillators, as well as most other well known types, belong to the class called feed-
back oscillators in which the action is sustained by feeding energy from the plate circuit back into the grid 
circuit of a tube. The tube acts much like an amplifier in which alternating vpltage applied to the grid cir-
cuit is secured from the plate circuit of the same tube instead of from an external signal source. 

The elementary circuit of a Colinas oscillator is shown at 1 in Fig. 32-9. Without the tube and its con-
nections we have the parallel resonant circuit of diagram 2. The only difference between this and any or-
dinary parallel resonant circuit is that there are two capacitors in series instead of the usual single cap-
acitor. So far as resonant behavior of the circuit is concerned the two series capacitors act just like a 
single unit. 

When the capacitors are charged they contain a store of energy in the electric fields within the dielectric. 
As the capacitors discharge they will force an electron flow through the coil or inductor, and a magnetic 
field will be built up around the coil. Then the energy is in the magnetic field. The magnetic field immedi-
ately collapses, induces emf in the coil, and the resulting electron flow is in a reversed direction re-
charges the capacitors. Then the energy is back in the electric fields. All this, as you must have recog-
nized, is simply the action that takes place in any parallel resonant circuit. 

The energy swings back and forth or oscillates between the capacitors and the coil at a frequency de-
termined by values of capacitance and inductance in the circuit. The energy is transferred back and forth 
by electron flow, or alternating current, at the frequency for which the capacitance and inductance are reso-

A 
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nant. Once the oscillations are started they will continue until the energy is used up in overcoming high-
frequency resistance or losses in the circuits elements. 

If the loss of energy can be continually replaced with more energy the oscillations will continue indef-
initely.This is where the tube comes in, it is a means for replacing high-frequency losses in the tuned cir-
cuit by energy taken from the B-power supply of the receiver through the plate circuit of the tube. 

As a first step in replacing the lost energy we shall put back the grid circuit connections, as at 3 in Fig. 
32-9.Now,with both capacitors charging and discharging at the resonant frequency, the alternating voltage 
across capacitor Ca is applied between grid and cathode of the tube. This will cause an alternating plate 

current, at the resonant frequency. 

In diagram 4 we have the plate circuit by itself. The necessary direct plate voltage from the B-power 
supply is applied through resistor R. The high resistance of R opposes flow of the alternating plate cur-
rent, so most of this high-frequency current takes the easier path through capacitor Cb back to the cathode 
of the tube. This current continually adds to the charges and voltage of capacitor Cb and replaces the en-
ergy being lost in the resonant circuit, of which Cb is a part. The frequency of the plate ut is the 
same as the tuned resonant frequency of the whole system, because plate current is cei.., died by 
resonant voltage from capacitor Ca applied to the grid. Pulses or alternations of plate currenL ,. main in 
phase with or in time with the current that is charging and discharging the capacitors. 

With this oscillator circuit it is easy to put energy into the resonant circuit at any rate required to re-
place the high-frequency losses. We have feedback of energy from the plate circuit, and oscillation will be 

maintained. 

If you were to put diagrams 3 and 4 together there would be a conductive connection from the highly pos-
itive direct voltage at the tube plate through the coil of the resonant circuit to the grid. This would be 
bad, for the grid must not be positive, it must be negatively biased. To block the direct voltage away from 
the grid we insert capacitor Cg of diagram 5. To obtain negative grid bias we use this capacitor in con-
nection with grid resistor Rg as a grid-leak biasing system. Now, by putting diagrams 4 and 5 together you 
have the complete Colpitts oscillator, as in diagram 1. 

Fig. 32-10. Capacitance changes which alter the feedback in a Colpitts oscillator. 
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Fig. 32-11. Capacitance changes which vary the frequency of a Colpitts circuit. 

COLPITTSOSCILLATOR ADJUSTMENTS. To understand the effects of altering one or both capacitances 
in the Colpitts oscillator circuit we must keep these facts in mind. Applications of the facts are shown by 
Figs. 32-10 and 32-11. 

More capacitance in a tuned circuit means a lower resonant frequency. More capacitance also means less 
capacitive reactance and a lower voltage across the capacitance at any given frequency. 

Less capacitance means a higher resonant frequency. Less capacitance means also more capacitive re-
actance and high voltage across the capacitance at any given frequency. 

Feedback is increased by more voltage across capacitor Cb in the plate circuit, and is decreased by less 
voltage across Cb. 

The effect of feedback in the grid circuit of the tube is increased by more voltage across capacitor Ca, 
in the grid circuit, and is decreased by less voltage across Ca. 

The effect of feedback really depends on the ratio of voltages across Ch and Ca rather than on either 
voltage considered by itself. That is, increasing the voltage across capacitor Ch has the same effect as 
decreasing the voltage across Ca, and vice versa. 

In Fig. 32-10 diagram 1 represents large capacitance at Ca and small capacitance at Cb, or low voltage 
across Ca and high voltage across Cb. The effect of feedback has thus been increased, because of high re-
actance in feedback capacitor Cb. 

In diagram 2 of Fig. 32-10 there is small capacitance and higher voltage across Ca, in the grid circuit, 
and large capacitance and lower voltage across Cb, in the plate circuit. The effect of feedback is thus de--
creased, due to less reactance and less amplification for feedback voltage in the plate circuit. 

Now what about the effect on resonant frequency? If capacitance at Ca in diagram 1 is equal to capaci-
tance at Ch in diagram 2, and if Ch of diagram 1 is equal to Ca of diagram 2, the combined capacitance is 
the same in both diagrams. This combined capacitance is that in the resonant circuit, and since capaci-
tance has not been changed there is the same resonant frequency in both cases. Feedback is changed with-
out changing the resonant frequency. 
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Fig. 32-12. Colpitts circuit employing tube capacitances for feedback. Tuning is by means 
of a movable core in the coil. 

In Fig. 32-11 diagram 1 represents large capacitance in both Ca and Cb. This greater capacitance lowers 
the resonant frequency. In diagram 2 there is small capacitance in both capacitors, and this smaller cap-
acitance raises the resonant frequency. 

If capacitances at Ca and Cb of the two diagrams have been altered together in such manner as not to 
change the ratio of one to another there has been no change of effective feedback. That is, if both capaci-
tances were halved, or changed in any other similar relation, the reactances and voltages would likewise 
change together and would remain of the same ratio as earlier voltages. In Fig. 32-11 we have changed the 
frequency without changing the feedback. 

When two variable capacitors are used in a Colpitts oscillator circuit the two most often are ganged, on 
a single shaft, so that resonant frequency may be altered without changing the feedback to any material de-
gree. Ganging of the two capacitors is indicated by the broken line connections in Fig. 32-11. 

MODIFIED COLPITTS OSCILLATORS. In the service manuals for many television receivers you will 
find the statement that the r-f oscillator is a modified Colpitts type. This means that the oscillator oper-
ates with the Colpitts principle, but has some arrangement of inductance or capacitance that differs from 
the basic circuit that we have examined. 

One modification is shown at the left in Fig. 32-12. Both the capacitors which do the tuning and provide 
feedback are absent, but the two capacitances still exist. One of the capacitances is that between the grid 
and cathode of the oscillator tube, as indicated by broken lines at Gk in the right-hand diagram. The other 
capacitance is that between the plate and cathode of the tube, as indicated at Pk. These tube capacitances, 
in connection with capacitances of the tube socket, wiring connections, and other parts, will provide the 
tuning and feedback necessary for oscillator operation. 

Other modified Colpitts oscillator circuitg are shown by Fig. 32-13. Feedback in both these circuits is 
through the internal capacitances of the tube, as explained in connection with Fig. 32-12. Tuning is varied 
by adjustable capacitors Ct connected across the coils. In the left-hand diagram there is cathode bias by 
means of resistor Rk, with resistor Rg used only to provide a conductive grid return to the cathode. Block-
ing capacitor Cb keeps direct current and voltage of the B-power supply out of the tuning coil and grid cir-
cuit while providing a path for high-frequency currents between the tube plate and the bottom of the oscil-

lator coil. 
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Fig. 32-13. Modified Colpitts oscillators. 

RFC 

In the right-hand diagram we have grid-leak bias by means of resistor Rg and capacitor Cg. Thé ground 
,connections effectively join together one side of the coil, one side of the tuning capacitor Ct, one side of 
the blockingandr-f plate current capacitor Cb, and the lower end of the cathode circuit. The radio-frequency 
choke RFC between cathode and ground has very great reactance or impedance to the high-frequency cur-
rents in plate and grid circuits, but only negligible resistance to direct current in the cathode circuit. Con-
sequently, this choke isolates the cathode from the high-frequency circuits while allowing free flow through 
it of direct current for the plate circuit or the B+ circuit. 

There are a great many other variations or modifications of the fundamental Colpitts circuit, as we shall 
discover when examining television oscillators. Quite often the tuning is varied by means of a movable core 
in the coil rather than with an adjustable capacitor, or both the capacitor and the movable core may be used 
for service adjustments. 

HARTLEY OSCILLATOR. The principles of the Hartley oscillator are shown by diagram 1 in Fig. 32-14. 
The parallel resonant circuit consists of the tuning capacitor Ct and the tapped coil whose parts are marked 
Lg and Lp. Capacitor Cg and resistor Rg provide grid-leak bias for the tube. Blocking capacitor Cb keeps 
direct plate voltage and current of the B-supply out of the tuned circuit while allowing high-frequency plate 
current to reach the tuned circuit. 

The portion of the coil marked Lg is in the grid circuit of the tube, because it is connected to the grid 
through capacitor Cg and to the cathode through the tap connection on the coil. The portion of the coil 
marked Lp is in the plate circuit, because it is connected to the plate through capacitor Cb, and to the 
cathode through the tap connection. The oscillating current that swings back and forth between the coil 

Ct 

•Cg 

Lg 

Lp 
Rg 

B+ 

CD 

Cb 

Fig. 32-14. The Hartley oscillator circuit. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 32 — Page 16 

and capacitor Ce must flow in both parts of the coil, because the parts are in series with each other so far 
as the resonant circuit is concerned. Since the same oscillating current flows in both the plate circuit and 
the grid circuit there is feedback of energy from plate to grid. Plate current replaces in the oscillating cir-

cuit all the energy that is lost due to high-frequency resistance. 

The inductance coil of the Hartley circuit may be a continuous winding, tapped at or near its center, or 
itmay be two separate windings connected together and to the cathode of the tube. The two parts of the in-
ductance may be in such positions that there is inductive coupling and mutual induction between them, or 
they may be separated and so placed as to have little or no inductive coupling. Inductive coupling is not 
necessary, because the same oscillating current flows in both inductances no matter how they are posi-

tioned. 

Diagram 2 of Fig. 32-14 shows a Hartley oscillator circuit which does not require the blocking capacitor 
in the plate circuit. The B+ connection is made to the tap on the inductance coil. Direct plate current flows 
in the lower portion of the coil, Lp. There is connection from the tap to the tube cathode from B+ to B— and 
ground, through the power supply. 

In the oscillator circuits of Fig. 32-14 one side of the tuning capacitor is connected or coupled to the 
grid circuit and the other side is connected or coupled to the plate circuit. We say that both sides of the 
tuning capacitor are at "r-f potential", which really means that neither side of the capacitor is connected 
to ground or to B-minus. Were you to touch the rotor shaft or the adjusting screw of a tuning capacitor which 
is at r-f potential there would be a decided change of operating frequency, or the oscillation might stop al-
together. This would be due to what is called body capacitance. 

Body capacitance effect may be avoided by rearranging the Hartley oscillator circuit as in diagram 1 of 
Fig. 32-15. Here the rotor side of the tuning capacitor is directly connected to chassis ground. Now the 
rotor shaft or adjusting screw is at ground potential, not at r-f potential, and you can come close to or 
touch the tuning adjustment without greatly affecting the tuned frequency. When one side of the tuning cap-
acitor is grounded the tube cathode cannot be grounded. Then the cathode is at r-f potential. When the tun-
ing capacitor is at r-f potential it is possible to ground the tube cathode, as in Fig. 32-14. 

Whether to ground the tuning capacitor or the tube cathode of any of the oscillators depends on how the 
circuit is to be operated and on the preferences of the designer. For example, were the capacitor to be ad-
justed by the operator of a receiver it would be better to ground the capacitor, but if this is only a service 
adjustment it could be handled with an insulating screw driver or wrench, and the cathode could be grounded 
to simplify the wiring. Note that in the Colpitts oscillator at the left in Fig. 32-13 the tuning capacitor is 

at r-f potential, while with the arrangement at the right the capacitor is grounded. 

1 Cg B+ 

RFC 

Rg 

Cb 

Fig. 32-15. Nbdifications of the Hartley oscillator. 
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Gr id 
Voltage 

Fig. 32-16. Phase relation of grid and plate voltages in an oscillator. 

\-7-/The strength of feedback in the Hartley oscillator depends on the ratio of plate circuit inductance to grid 
circuit inductance. The greater the plate circuit inductance in comparison with the grid circuit inductance 
the stronger is the feedback. Diagram 2 of Fig. 32-15 shows a method of adjusting the feedback by making 
connection to any of a number of tap points on the coil. This adjustment makes no material change of os-
cillating frequency, since the total inductance in the resonant circuit is not altered. Usually it turns out 
that a tap connection near the coil center allows strongest oscillation or maximum oscillating current and 
voltage. Getting the tap too near the grid end makes too great a reduction of inductance and reactance in 
the grid circuit. With the tap too near the plate end there is too little inductance and reactance or impe-
dance in the plate circuit to let the tube act as an efficient amplifier for grid voltage. 

In the B-1- lines of Fig. 32-15 there are radio-frequency choke coils, RFC, instead of resistors. A choke 

Output Output 

Fig. 32-17. Methods of taking voltage outputs from oscillators. 
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provides greater impedance than a resistor against escape of high-frequency currents and has lower re-
sistance todirect plate current. Resistors are more commonly used because they may be needed for voltage 
dropping, they give generally satisfactory operation, and cost less than chokes. 

(Ill OSCILLATOR CIRCUITS. An oscillator tube acts essentially as an amplifier for voltages applied to the 
grid. Earlier we learned that in any amplifier tube the plate voltage becomes less positive when grid volt-
age is becoming less negative or is going positive. That is to say, plate and grid voltages are of opposite 
phase. But when plate voltage is fed back to the grid, to maintain oscillation, the feedback voltage at the 
grid must be in phase with the alternating voltage already existing at the grid. Consequently, the plate 
voltage must be inverted before it reaches the grid. 

The opposite-phase relation of grid and plate voltages is represented at the left in Fig. 32-16. At the 
right is a Colpitts oscillator circuit. In this circuit the coil or inductor extends between the grid and plate 
of the tube. Mie know that in a coil carrying alternating current at resonance, or carrying the current which 
flows back and forth between coil and capacitor, the potential is positive at one end of the coil while it is 
negative at the other end. Therefore, when positive voltage from the plate is applied to one end of the coil 
there is negative voltage at the other end, and vice versa. Thus we have feedback voltage in correct phase 
relation to maintain oscillation. The same thing happens in a Hartley oscillator, which also has a single 
inductor extending between plate and grid. An equivalent phase reversal must occur in every other oscil-
lator which depends on feedback for its action. 

Any oscillator begins to operate when voltage is first applied to the tube, because any change of plate 
voltage, either great or small, results in a feedback voltage to the grid, Current commences to flow in the 
resonant circuit, the capacitor or capacitors are charged in one polarity or the other, and oscillating cur-
rent commences to flow back and forth between capacitors and coils. 

Oscillator tubes have either grid-leak bias or cathode bias. With either method there is zero bias at the 
instant in which voltage first is applied to the tube. This allows the momentary flow of grid current which 
is necessary to start electron flow in the resonant circuit. Then a negative bias is built up by continued 
pulses of grid current with grid-leak bias or with continued plate current for cathode bias. 

High-frequency voltage may be taken from any type of oscillator circuit by either of the methods illus-
trated in Fig. 32-17. In the left-hand diagram a small capacitor is connected from either the grid circuit or 
the plate circuit of the oscillator to the grid circuit of the mixer tube. Thus the oscillator voltage is put 
into the mixer along with the amplified carrier signal voltage. The coupling capacitance in televisuon tuners 

usually is something between 1 and 4 mmfd. 

In the right-hand diagram the oscillator output is taken through a coil inductively coupled to the coil in 
the resonant circuit of the oscillator. This output coil might be the tuned secondary winding of the trans-
former which is between the r-f amplifier and the mixer, with both coils wound on the saine form or other-

wise supported close enough to each other for coupling to take place. 

In all r-f oscillators it is usual practice to have what is called shunt feed for the direct voltage and cur-
rent in the plate circuit, which means that this 13-power voltage and current are fed to the tube plate without 
going through the tuned resonant circuit. This method of connection is shown in all diagrams of this lesson 

except diagram 2 of Fig. 32-14. 

Incidentally, the resonant circuit or tuned plate-grid circuit of an oscillator quite often is called the 
"tank circuit". In describing a shunt feed connection we might say that there is no direct voltage or current 

in the oscillator tank circuit. 
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LESSON NO. 33 

SUPERHETERODYNE TUNING METHODS 

In this lesson we shall learn how r-f oscillators, mixers, and r-f amplifiers are connected together in tel-
evision receivers, f-m (frequency-modulation) sound receivers, and a-m (amplitude modulation) sound re-
ceivers. Incidentally we shall practice reading circuit diagrams of the kinds ordinarily used in service in-

structions. 

Up to this point in our work each given type of circuit has been drawn in the same general way for every 
diagram. This has made it easier to follow electron paths and to figure out what is happening, because you 
have seen certain arrangements over and over until they have become familiar. To continue in this way 
might cause you trouble later on, for you would come to feel that particular circuit details should be shown 
in only one way, and you could be confused by other types of diagrams. 

There is no standard way of drawing the circuit diagram for any part of any television or radio receiver. 
It is possible to take something so simple as a Colpitts oscillator and draw its circuit in so many different 
ways that the originator, E.H. Colpitts, would have to look hard at some of the layouts to recognize his 

own brain child. 

Of course, there are standard symbols which everyone uses. But the symbols for the parts which go into 
some tuner, amplifier, or other section of apparatus may be placed on a diagram in any relative positions 
which appeal to the person making the layout. There may be a close relation between the positions of sym-
bols on the diagram and positions of parts in the actual apparatus, or there may be no relation at all. Re-
gardless of the positions of the symbols, when lines are drawn between them to show correct electrical 
paths we have a diagram that is electrically correct. 

The same symbols might be arranged on other diagrams in any of a dozen or more different positions, and 
joined with lines showing correct electrical connections. Then there would be a dozen or more different 
diagrams, all with the same symbols, all alike electrically, but looking as though they represented a dczen 
differentkinds of apparatus. You should know your circuits, at least the common kinds, and be able to trace 
them out no matter how the symbols and connections are placed in a diagram, just as we shall do in several 

of the figures to follow. 

TUNER CIRCUITS. First we shall look at the connections in one style of television tuner, as shown by 
Fig. 33-2. The r-f amplifier is a pentode, as you can tell from the symbol. The grid is connected through a 
capacitor to the antenna coupling transformer, also through a resistor to a source of biasing voltage not 

shown in the diagram. 

The plate of the r-f amplifier is coupled to the grid of the mixer through an r-f transformer having adjust-
able tuning capacitors across botE the primary and the secondary windings. There is shunt feed from the r-f 
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Fig. 33-1. A television tuner in which r-f and oscillator frequencies are obtained by switching suitable 
inductors into the circuits. 

plate to the transformer, with blocking capacitor Ca allowing r-f currents to flow from plate to transformer, 
but confining direct plate current and voltage to the path which includes a resistor going to B+. The mixer 
tube is a triode, with grid-leak bias by means of capacitor Cg and resistor Rg. 

Doubtless you recognize the r-f oscillator as a Colpitts type. There is grid-leak bias. The plate circuit 
is completed through capacitor Cb and ground to the lower end of the tuning coil. Across this coil is a tun-
ing capacitor Ce. The tube cathode is isolated from r-f currents in the plate-grid circuit by means of the r-f 
choke RFC. High-frequency oscillator voltage is taken from the upper end of the tuned coil through coupling 
capacitor Cc to the mixer grid circuit.. 

In the large diagram of Fig. 33-2 the mixer and oscillator are shown as two separate triode tubes. Instead 
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Fig. 33-2. Connections such as may be used in a television tuner. 

OSC 

of using separate tubes it would be mare common practice to use the two sections of a twin triode tube as 
shown by the small sketch at the lower left. Connections to plates, grids, and cathodes of the twin triode 
would be the same as shown for the separate triodes in the large diagram. For connections such as shown 
here many television sets use a type 12AT7 tube, and many f-m sound receivers use a type 7F8. 

lg. 33-3 we have the tuning secticn for one style of f-m sound receiver. There is no r-f amplifier. The 
secondary winding of the antenna coupling transformer is in the grid circuit of the m,xer, with this winding 
tuned by means of a variable capacitor and a paralleled trimmer capacitor. There are a large number of the 
smaller receivers for f-m sound and also those for a-m sound in which the antenna is coupled to the mixer 
grid without any intervening r-f stage. The mixer is one section of a twin triode tube, with the other half 
used as the r-f oscillator. Note that this mixer has cathode-bias for its grid voltage. 
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Fig. 33-3. Tuning circuits for an f-m sound receiver. 
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The r-f oscillator is a Hartley type, as is evident from the fact that the tube cathode is connected to a 
tap on the tuned coil. The coil in the grid-pla te circuit is tuned by means of a variable capacitor and a par-
alleled trimmer capacitor.Bia s for the oscillator is of the grid-leak type, with capacitor Cg and resistor Rg. 
The plate circuit is completed through capacitor Cb and ground to the lower end of the tuned coil. High 
frequency oscillator voltage is taken from the upper end of the tuned coil, or from the "tank circuit", through 
capacitor Cc to the mixer grid circuit. The capacitance at Cc, and also at the similarly marked capacitor 
in Fig. 33-2, is 1.5 mmfd. 

TWIN TRIODE WITH SINGLE CATHODE. In Fig. 33-4 we again have the mixer and oscillator as the two 
sections of a twin triode tube, but here there is only a single cathode for both sections instead of the two 
separate cathodes of earlier diagrams. The circuits of this figure are part of those for a popular type of tel-
evision tuner. The tube is a type 6J6. When there is only one cathode element serving both mixer and oscil-
lator the cathode circuit must be the same for both functions. Usually the cathode is grounded, although in 
a few cases there is cathode bias when the same biasing voltage is suitable for both mixer and oscillator 
operation. 

The plate circuit of the r-f amplifier, not shown in the diagram, is coupled to the grid circuit of the mixer 
through a transformer whose primary (plate) winding is marked Lr and whose secondary (grid) winding is 
marked Lm. The grid winding is tuned by an adjustable capacitor and by the input capacitance of the tube 
and wiring. Grid-leak bias for the mixer is provided by the capacitor in series with the grid circuit and the 
resistor which is between grid and cathode. 

The oscillator of Fig. 33-4 is a Colpitts type. The oscillator coil, Lo, is tuned by the tube capacitances 
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in the usual way and also by fixed capacitor Ca and adjustable capacitor Cb. Note that Ca is connected 
from the grid side of the circuit to ground, that Cb is connected from the plate side to ground, and both these 
capacitors are connected through ground to the cathode of the tube. Consequently, the connections between 
the capacitors and the cathode are electrically the same as in any Colpitts oscillator having capacitors for 
tuning and feedback. 

Capacitor Cg and resistor Rg provide grid-leak bias for the oscillator. Capacitor Cg acts also as a block-
ing capacitor for the plate circuit, since it prevents direct conductive connection from the plate to ground 
or to the grids of the mixer and oscillator. High-frequency oscillator voltage is carried into the mixer grid 
circuit through inductive coupling between oscillator coil Lo and mixer grid coil Lm. These two coils are 
supported on the same form, with spacing of about 5/16 inch between their ends. 

TUNED GRID OSCILLATOR WITH TICKLER FEEDBACK. In Fig. 33-5 there is still another mixer-
oscillator combination with a single-cathode twin-triode tube. This particular circuit is used for a-m tuning 
in a combination a-m f-m sound receiver. You may not recognize the oscillator circuit, for it is of a type not 
previously considered. 

The oscillator grid circuit, at the lower right, consists of coil Lg which is tuned to resonance by a var-
iable capacitor and a trimmer capacitor. Inductively coupled to the grid coil is coil Lp which is in series 
with the plate of the oscillator. Energy is fed back from plate to grid through this coupling. The coil in the 

TO I-F AMP  
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CB 

Fig. 33-4. Twin-triode mixer-oscillator tube having a single cathode. 

B + 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 33 — Page 6 

ANTENNA   TON-F AMP 

Fig. 33-5. Twin-triode mixer-oscillator with tuned-grid tickler feedback in the oscillator circuit. 

plate circuit commonly is called a tickler coil or tickler winding. The oscillator is grid-leak biased with 
capacitor Cg and resistor Rg. 

High-frequency oscillator voltage is inductively coupled into winding Lm from the tickler winding,and 
thus is put into the grid circuit of thc, mixer, with which Lm is in series. The mixer grid is negatively bias-
ed from a source not shown in the diagram. The direct bias voltage is blocked from a ground connection 

LG 

Fig. 33-6. Typical circuits for tuned-grid tickler feedback oscillators. 
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Fig. 33-7. Pentode mixer in a television tuner circuit. 

through the antenna transformer secondary by means of capacitor Cb. Without this capacitor the d-c bias 
could not be maintained at the mixer grid. In this tuning arrangement there is no r-f amplifier, the mixer grid 
being coupled to the antenna through the antenna transformer. 

0 Tuned-grid tickler feedback oscillators often are shown by diagrams generally similar to that at 1 in Fig. 
33-6. The grid winding Lg is tuned by a variable capacitor. The feedback winding or tickler winding is mark-
ed ¿p. The strength of feedback energy is increased by closer coupling between the two windings, and is 
decreased by looser coupling. Any change of coupling alters the mutual inductance in both windings and 
varies the resonant frequency of the grid circuit because of increased or decreased total inductive effect in 
the grid circuit. The r-f feedback circuit is completed from the plate through blocking capacitor Cb and 
through ground to the lower end of the winding in the grid circuit. 

Diagram 2 of Fig. 33-6 illustrates another tuned-grid tickler feedback oscillator circuit. The grid winding 
1.g, tuned by a variable capacitor, is connected between the grid and cathode of the tube. The feedback 
winding or tickler winding 49 is inductively coupled and also is conductively connected to the grid wind-
ing. R-f plate current for feedback of energy to the grid passes through blocking capacitor Cb and ground to 
the lower end of the feedback winding, and through this winding to the tube cathode. There is grid-leak bias 
for the oscillators in both diagrams pf Fig. 33-6. 
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The circuit of diagram 2 bears considerable resemblance to that for a Ilartley oscillator, inasmuch as a 
tap on the winding is connected to the tube cathode, and both sides of the tuning capacitor are at r-f poten-
tial. In this circuit, however, only the grid winding is tuned by the variable capacitor, while in a Hartley 
circuit both windings are tuned by the one capacitor. 

I'- Our apparent emphasis on the different basic kinds of oscillator circuits may have led you to believe that 
it is essential to identify the type. Identification is not absolutely necessary, but often it is convenient in 
order that you may know what to expect when servicing various tuners. As an example, you will learn that 
Hartley oscillators and tuned-grid tickler feedback types are capable of delivering strong voltage outputs, 
but are not so well adapted as Colpitts types to operation at the very-high frequencies of television tuners. 
The chief reason is that Colpitts oscillators have less tendency to generate strong harmonic frequencies. 
The characteristics of the several oscillator circuits will become more apparent as we get further along in 

our work with television and testing instruments. 

PENTODE MIXERS. Fig. 33-7 shows the circuit connections for a television tuner in which there is a 
pentode r-f amplifier, a pentode mixer, and a triode oscillator. There are three separate tubes, one for each 
function, The oscillator and mixer are not combined as a dual tube in a single envelope because, at present 
the available triode-pentode combinations are not well suited to very-high frequency operation. Therefore, 
tuners with pentode mixers and r-f stage are three-tube types. 

The grid of the r-f amplifier is coupled to the antenna through a transformer whose secondary is tuned by 
an adjustable capacitor. There is cathode bias for the grid of this tube. Signals from the r-f plate go to the 
mixer grid through a modification of tuned impedance coupling. 

The oscillator of this tuner is a Colpitts type using tube and wiring capacitances for feedback. Biasing 
is by the grid-leak method. High-frequency voltage from the oscillator is put into the mixer grid circuit by 
inductive coupling between the coils or windings in the two circuits. Note that the symbol for the oscillator 
coil indicates that there is a movable core for varying the inductance and the resonant frequency of the 

Fig. 33-8. Oscillator coupled to mixer through cathode line of mixer. 
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Fig. 33-9. An ultraudion oscillator circuit. 

oscillator circuit. Separate triode oscillator tubes for television and f-m tuning usually are type 6C4, type 
6AB4, or may be one plate and one grid of a 6J6 twin triode with the other plate and grid grounded. 

Fig. 33-8 shows connections in the tuner section of an a-m sound radio. Here again we have a pentode 
mixer and a triode oscillator. There is no r-f amplifier. The tuned grid circuit of the mixer includes the sec-
ondary winding of the antenna coupling transformer and a variable tuning capacitor with paralleled trimmer 
capacitor. There is cathode-bias for the grid. Note especially that the cathode line from the mixer goes first 
through the biasing resistor and its bypass capacitor, then through winding Lp of the oscillator circuit and 
to ground. 

The oscillator is a Hartley type with the tap of the tuned coil connected to the tube cathode. The variable 
tuning capacitor and paralleled trimmer are connected across the entire coil from the upper end or grid end 
to the lower end through ground. The plate circuit is completed for r-f currents and voltages through block-
ing capacitor Cb and ground to the lower end of the oscillator coil. Biasing is by means of the familiar grid-
leak method. 

Fig. 33-10. Two variations of the Meissner oscillator circuit. 
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Fig. 33-11. A pentagrid converter performing the functions of oscillator and mixer. 

Here we have a new method of getting the high-frequency voltage from the oscillator circuit into the mixer 
grid circuit. As noted before, the mixer cathode line goes through section Lp of the oscillator coil. In this 
section are oscillator current and voltage, consequently the cathode current of the mixer is varied or mod-
ulatedat oscillator frequency. The mixer cathode is in both the plate circuit and the grid circuit of the mix-
er, and so we have the oscillator frequency in the mixer grid circuit. This is known as cathode coupling for 
the oscillator and mixer. It is a method often employed in standard broadcast radio receivers. 

OTHER OSCILLATORS. Fora little additional practice in following the action of feedback oscillators we 
shall look at two more types. One of the oldest oscillator circuits is the ultraudion, for which connections 
are shown by Fig. 33-9. It is equivalent to a Colpitts oscillator to which has been added the variable tuning 
capacitor Ct and in which there are either one or both the feedback control capacitors Cm and Cn. 

Capacitor Cm is between the grid connection and the cathode, just as is the grid capacitor in the Colpitts 
circuit. Capacitor Cn of the ultraudion oscillator is between the plate and the cathode of the tube, as is the 
Colpitts plate capacitor. Capacitor Ct of the ultraudion circuit is in the same position as the added tuning 
capacitor in one modification of the Colpitts oscillator. Often it is difficult to know whether you are look - 
ing at a Colpitts or an ultraudion, and some television manufacturers have stated in their instruction liter-
ature that they use an ultraudion type, although it might also be considered a Colpitts. 
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An oscillator having separate plate and grid inductance is the Meissner type, of which two variations are 
shown by Fig. 33-10. The resonant circuit which contains tuning capacitor Ct may have two windings, as 
at the left, or only a single coil, as at the right. The coil in the grid circuit and also the one in the plate 
circuit are coupled to the tuned resonant circuit. Feedback energy from the plate coil passes through the 
tuned circuit to the grid coil and grid circuit. The Meissner circuit once was popular in broadcast radio 
receivers, but now is seldom used except in certain industrial electronic applications. 

CONVERTERS. In our work with oscillators and mixers we have seen the r-f signal voltage and the oscil-
lator voltage applied together to the grid of the mixer. We also have seen the oscillator voltage introduced 
through the mixer cathode. Now we come to a class of combined oscillator and mixer tubes in which there 
are seven elements serving both functions, but with only a single electron dream passing from cathode to 
plate through all the other elements. These tubes are called frequency converters, or more usually are called 
simply converters. 

In most circuits previously studied the oscillator voltage has been carried into the mixer circuit through 
a small capacitor or else by means of mutual induction between two coils or windings. In converter tubes 
there is no need for either capacitive or inductive couplings between oscillator and mixer, for the r-f volt-
age and oscillator voltage both act on the single electron stream. The electron flow is modulated by both 

voltages. This is electron coupling. 

Fig. 33-11 shows one kind of tuning circuit in which there is a converter instead of separate oscillator 
and mixer tubes, or instead of a twin triode with two electron streams. The converter has five grids between 
its cathode and plate, so usually is called a pentagrid converter, from the Greek word pronounced penta and 
meaning five. If we count also the cathode and plate the converter has seven active elements in all, and 
so may be called a heptode converter, from the Greek word hepta which means seven. 

B + 

Fig. 33-12. The oscillator circuit of the converter. 
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Fig. 33-13. The mixer circuit of the converter. 
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The names and numbers of the several grids are marked on the conductor lines leading to them in the di-
agram. Grid number 1, nearest the cathode, is the oscillator grid. Grids number 2 and number 4 are connected 
together within the tube, and act as a screen for the r-f grid, number 3 The screen reduces the internal 
capacitance of the tube and also accelerates electrons between cathode and plate, just as does the screen 
in any other tube. Grid number 5 is a suppressor, serving the sanie purpose as the suppressor in a pentode. 

The oscillator circuit, a Hartley type, is shown by itself in Fig. 33-12. The tap on the coil is connected 
to the tube cathode. The upper end of the coil is connected through capacitor Cg to grid number 1, which is 
the oscillator grid. Grids number 2 and 4 act as the plate or anode for the oscillator. These grids are sup-
plied with H+ voltage, and are connected through capacitor Cb and ground to the lower end of the oscillator 
coil, thus completing the feedback circuit. The oscillator is biased by the grid-leak method, with capacitor 
Cg and resistor Rg. Thus we have the liEulley oscillator circuit operating in connection with a cathode, a 
grid, and what amounts to a plate or anode, just as though these parts of the converter were a triode tube. 

The mixer circuit of the pentagrid converter is shown by itself in Fig. 33-13. For all practical purposes 
we have here a pentode mixer. H-f signal voltage is applied to grid number 3. Grids 2 and 4 form the screen, 
with suppressor grid number 5 between screen and plate, just as in a regular pentode. Grid number 3 is neg-
atively biased to make this section of the tube act like a detector and deliver the beat frequency in the 
same manner as with any other mixer. 

elle electron stream flowing from cathode to plate is first acted upon by the high-frequency voltage from 
the oscillator, applied to grid number 1. Then the same electron stream, after passing through screen grid 
number 2, is acted on by the r-f signal voltage applied to grid number 3. Then the doubly modulated elec-
tron stream proceeds to the plate. 

Fig. 33-14 is another pentagrid converter circuit. The functions of each of the grids are the same as pre-
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viously explained. For the oscillator we now have a tuned grid tickler feedback arrangement. The tuned 
grid coil is marked Lg. The tickler or feedback coil, marked Lp, actually is connected between the tube 
cathode and ground, but is effectively in the plate circuit. This is because uy far the stronger r-f current 
in the cathode line is plate current, and because the r-f circuit for the plate is completed through capacitor 
Cb and ground back to the cathode through coil Lp. 

In the converter of Fig. 33-14 the suppressor is internally connected to the cathode. This is true of type 
6SA7-GT, an octal based glass tube, of type 6BE6, a 9-pin miniature tube, and also of the lock-in type 7Q7. 
In the converter of Fig. 33-13 the suppressor is connected to a separate base pin. This is the construction 
used in the type 6SA7 and type 6SB7-Y metal tubes and also in the type 6I3A7 9-pin miniature tube. The 
five types just mentioned include nearly all the heater-cathode converters now in general use. The types 
(SA7, 6SA7-GT and 7Q7 are used in a-m broadcast receivers and in some combination a-m standard broad-
cast and short-wave receivers. All the other types are used in f-m sound receivers as well as in standard 
broadcast and short-wave sets. 

Pentagrid converters 6SA7,6SA7-GT, and 7Q7 operate well at radio frequencies up to about 12 or 15 meg-
acycles. At higher frequencies it becomes difficult to maintain uniform oscillator output voltage, the signal 
sensitivity drops off quite rapidly, and there is a marked tendency for tuning of the r-f input circuit to alter 
the oscillator frequency. In the other converters which have been mentioned these troubles have been re-
duced to an extent that allows satisfactory operation. through the f-in broadcast band, or up to 108 mega-
cycles. None of the converters presently available are used for television receivers where, on the high-
band from channel 7 through channel 13, signal frequencies range from 174 to 216 megacycles. 

In standard broadcast a-m receivers and also in combination standard broadcast and international short 
wave sets we find converters. In combination f-m and standard broadcast receivers there may be a converter 
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Fig. 33-14. Pentagrid converter with oscillator feedback from winding in cathode line. 
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Fig. 33-15. Pentagiid converter tube used as mixer, with separate oscillator. 

suitable for f-m service, or there may be a low-frequency converter for the standard broadcast band and also 
separate mixer and oscillator tubes for the f-m band. The converter and also the separate mixer and oscil-
lator tubes are used in many combination receivers for television, f-m broadcast, and standard a-m broad-
cast service. In straight television receivers, straight f-m broadcast receivers, and in combination televi-
sion and f-m sets there will be separate mixer and oscillator tubes,or a twin triode serving the two func-

tions. 

In some receivers other than television types you will find a pentagrid converter used as a mixer tube, 
with a separate triode oscillator. This is done to reduce or prevent changes of oscillator frequency 
when the r-f signal circuit is tuned. Such an effect on oscillator frequency usually is called "pulling". 
Connections for a pentagrid converter used as a mixer are shown by Fig. 33-15. Grid number 1, the oscil-
lator grid, is connected through a small capacitor or possibly by inductive coupling to any type of separate 
oscillator. Bias for the mixer is shown as a cathode resistor type. With the r-f grid shielded from the oscil-
lator grid by the screen grids 2 and 4 there is only electron coupling within the tube. Any of the pentagrid 
converters may be used in this manner. One of the older types of tubes, the 6L7 pentagrid mixer, was es-
pecially designed for this kind of circuit, but its frequency characteristics are not satisfactory for other than 
standard a-m broadcast and the lower short-wave frequencies. The 6L7 is now considered obsolete. 

OSCILLATOR VOLTAGE. The greatest conversion gain or greatest signal voltage output is realized from 
a mixer or converter when oscillator r-f voltage is kept as high as possible. The limiting voltage is that 
which, when beating with the r-f signal, gives peaks which equal the mixer grid bias voltage. Anything 
more than this causes flow of grid current in the mixer or mixer section, and results in distortion of the 

signal. (3) Earlier we talked about how oscillator frequency is determined by the resonant frequency of inductance 
and capacitance in the oscillator tuned circuit, but said nothing about how far the oscillating voltage may 
swing in the positive and negative directions. For any given type of oscillator tube this oscillation ampli-
tude is determined chiefly by the applied plate voltage and the impedance or resistance of the plate circuit 
load through which flows the plate current. The action is as follows. 

We may assume, to begin with, that feedback is such that the grid voltage is becoming less and less neg-
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Fig. 33-16. Oscillator frequency remains 455 kc higher than radio frequency of the received signal. 

ative or is changing in the positive direction. The result is an increase of plate current and a continued 
feedback that drives the grid even more positive. At the same time the increase of plate current through the 
load causes a greater drop of voltage in the load, and less and less positive voltage remains at the plate of 
the tube. This decrease of plate voltage tends to prevent the rise of plate current. Eventually the plate volt-
age drops so low that plate current can become no greater, even though the grid still is going positive. It 
is the change of plate current that has been causing the feedback, and when there is no further change the 
feedback ceases. 

With no feedback there is nothing to drive the grid more positive, and grid voltage commences to change 
from maximum positive back toward zero. This really is a change of grid voltage in the negative direction, 
and a negative-going grid always causes plate current to decrease. The decreasing plate current now pro-
duces a feedback in a polarity which is the reverse of that with which we commenced, and the grid is driv-
en more and more negative. The lessened plate current means less voltage drop in the plate load impedance 
or resistance, and voltage increases at the tube plate. But in spite of this rising plate voltage the grid con-
tinues going more and more negative and eventually it reaches the value for plate current cutoff. 
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When plate current is cut off, or when this current reaches zero value, there can be no further change of 
current. With no further change there is no feedback. With no feedback the grid can be driven no further neg-
ative, and grid voltage begins to return toward zero. This is a change of grid voltage in the positive direc-
tion.We commenced this explanation by assuming a grid voltage changing in the positive direction, and now 
we are back at that same point in the cycle. The process repeats over and over again, once for each cycle 
of oscillation. 

Everything described in the three preceding paragraphs could happen in the most minute fraction of a sec-
ond so far as the tube itself is concerned. How fast it does happen, or can happen, depends on the resonant 
frequency of the tuned grid-plate circuit. The maximum plate current reached before the increase is stopped 
by lack of plate voltage, and also the value of negative grid voltage at which there is plate current cutoff, 
both these depend on applied plate voltage and on the average grid voltage or the grid bias voltage at which 
the tube is operating. Amplitude is increased by higher applied voltage on the plate circuit. Also, since the 
oscillating voltage goes alternately positive and negative from the average voltage or bias voltage, the 
amplitude of oscillation is increased by making the bias more negative. 

With biasing by the grid-leak method, as employed for nearly all oscillators, the value of negative bias 
depends on the resistance of the grid leak resistor and on the amount of rectified current flowing in this re-
sistor. Bias voltage is equal to the product of ohms and milliamperes divided by 1,000 which is our regular 
rule for determining voltage when knowing resistance and current. The bias voltage may be measured direct-
ly without any very great error by connecting a sensitive electronic voltmeter across the grid leak resistor. 

In no practical r-f oscillator circuit is there the same grid current or same grid leak current at all fre-
quencies wititin the normal operating range. Consequently there will be changes of bias and of oscillating 
voltage amplitude with changes of tuned frequency. Total change throughout the tuning range ordinarily is 
no more than 20 per cent. For example, the lowest bias voltage might be 10 volts and the highest 12 volts. 

If the receiver or other apparatus containing an r-f oscillator tunes in more than one frequency band, as 
in both standard broadcast and short-wave bands, the oscillator voltage may be quite different in the vari-
ous bands. As a rule the voltage will be relatively high on low-frequency bands and will be lower on the 
higher-frequency bands. This is far from being a universal rule, as may be seen from the following oscil-
lator grid voltage measurements made on a combination receiver having a standard a-m broadcast band, an 
a-m short-wave band, and an f-m band. All measurements were made with an electronic voltmeter across the 
grid resistor. 

Frequency Volts Frequency Voks 

Standard broadcast 550 kc — 2.7 1,600 kc — 5.2 

Short-wave 9.5 mc — 10.5 — 15.5 16.0 mc 

F-m broadcast 88 mc — 9.0 108 mc — 6.5 

In this particular receiver the oscillator grid voltage is lowest in the lowest frequency (standard broad-
cast) band, is highest in the medium frequency (short-wave) band, and is in between on the highest frequency 
(f-m) band. In the standard broadcast and short-wave bands the oscillator grid voltage increases negatively 
as the tuned frequency is increased, while in the f-m band the grid voltage decreases as the tuned frequen-
cy is increased. 

0If oscillator grid voltage drops to zero at some frequency, or shows very wide fluctuations with a small 
change of frequency, there is trouble in the oscillator circuit. As an example, the tuning capacitor might 
have a short circuit between rotor and stator plates at some points in tuning. 
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Fig. 33-17. How radio frequency and oscillator frequency must change together throughout the range 
of received signal frequencies. 

TRACKING OF OSCILLATOR AND R-F TUNING. In nearly all receivers designed for standard broad-
cast and international short wave reception the intermediate frequency is either 455 or 456 kilocycles. In 
f-m receivers the intermediate frequency is quite well standardized at 10.7 megacycles. The intermediate 
frequency for any superheterodyne receiver must remain constant for all received carrier frequencies. Since 
the intermediate frequency is the difference between oscillator frequency and received radio frequency it 
is necessary to maintain a constant difference between these two frequencies. 
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Fig. 33-18. A cut plate variable tuning capacitor. 

The oscillator frequency almost always is higher than the received radio frequency. This means that 
standard a-m broadcast and most short-wave receivers the oscillator frequency must remain 455 or 456 kc 
higher than the radio frequency, and in f-m receivers the oscillator frequency must remain 10.7 mc higher 
than the received frequency throughout the tuning range. Oscillator and radio frequencies for a standard a-m 
broadcast receiver may be represented as in Fig. 33-16. Throughout the reception range the oscillator fre-
quency is 455 kc higher than the radio frequency which is applied to the mixer. 

If tuning is by means of fixed inductances and variable capacitors the tuning capacitances must change 
together in such manner as to preserve the correct difference between oscillator and radio frequencies. If 
tuning is with variable inductances and fixed capacitances there must be similarly suitable changes of in-
ductances. Circuits with which the frequency difference remains constant or practically so are said to be 

tracked. 

As an example of what is necessary in order to accomplish satisfactory tracking we shall consider a case 
of standard broadcast tuning with variable capacitors covering the range from 550 to 1,600 kc with a 455-kc 
intermediate frequency. Since oscillator frequency always remains higher than radio frequency we may use 
less inductance and less capacitance for oscillator tuning than for r-f tuning. For our example we shall as-
sume in the r-f coil an inductance of 230 microhenrys, and 140 microhenrys, in the oscillator coil. 

By using formulas given in an earlier lesson you can figure out the changes of r-f and oscillator tuning 
capacitances required with these inductances. To tune the r-f circuit from 550 to 1,600 kc you will find that 
the capacitance must change from approximately 365 mmfd to 43 mmfd. To tune the oscillator circuit from 
1,005 to 2,055 kc (455 kc above r-f tuning) the capacitance must be varied from about 179.2 mmfd to 42.9 

mmfd. 
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Fig. 33-19. Connections for padder capacitors which maintain tracking. 

Now we shall make the further assumption that fixed capacitances in each circuit amount to 30 mmfd. This 
will include distributed capacitances of the coils, input capacitances of the tube or tubes, and stray capac-
itances in wiring and other parts. Subtracting these 30-mmfd fixed capacitances from the required variations 
of tuning capacitance shows that the r-f tuning capacitor itself must provide a change from 335 to 13 mmfd, 
and that the oscillator tuning capacitor must provide 149,2 to 12.9 mmfd. By computing the tuning capac-
itances for many received frequencies in between 550 and 1,600 kc we would obtain values for drawing the 
two curves of Fig. 33-17. These curves show capacitance changes required to maintain a 455-kc intermed-
iate frequency with our assumed values of inductance. 

One way of providing the required simultaneous changes of r-f and oscillator capacitances is to use a 
"cut plate" tandem tuning capacitor such as illustrated by Fig. 33-18. The section of smaller plates and 
smaller capacitance, at the left, is for the oscillator circuit. The section of larger capacitance, at the right, 
is for r-f tuning. 

A cut plate tandem capacitor may be designed to cover any one frequency band. But if we wish to use a 
tandem tuning capacitor for one or more additional frequency bands the same cut plate design will not work 
in the added bands. If you care to figure out the changes of capacitance for any short-wave band, as from 
8 to 25 mc, and compare the required changes with those of Fig. 33-17 it will be apparent that relations be-
tween simultaneous oscillator and r-f capacitances are quite different. 

For tuning in more than one band with the same set of capacitors we may employ identical capacitor sec-
tions for both the oscillator and the r-f circuits, but in series with the oscillator tuning capacitor we must 
connect an adjustable capacitor called a "padder". Two methods of connecting padders are shown by Fig. 
33-19. In either case the padder is effectively in series with the oscillator tuning capacitor, so far as the 
resonant circuit is concerned. The combined capacitance of series capacitors is less than that of either 
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unit alone, so the padder reduces the capacitance of the oscillator circuit throughout the tuning range. The 
combined capacitance for any tuned frequency is equal to the product divided by the sum of the two capac-

itances. 

If the oscillator coil is made with inductance suitable for use with a padder system it becomes passible 
to have precise tracking at three places in the tuning range, at high, low, and middle frequencies, and to 
have only small errors at other points. Obtaining correct inductance is a matter of original design. 

At high frequencies, which require very small capacitance in the tuning capacitor, even large changes of 
padder capacitance have little effect on combined series capacitance. For example, with the tuning capac-
itor adjusted to 13 mmfd, changing a padding capacitance all the way from 300 to 200 mmfd varies the com-

bined capacitance only from 12.46 to 12,20 mmfd. 

At low frequencies the tuning and padding capacitances are more nearly equal, and every change of pad-
der capacitance causes a large variation of combined capacitance or effective tuning capacitance. Because 
of this fact the padder is adjusted to obtain correct tracking or correct tuning at or near the low-frequency 

end of the tuning range. 

But at the high-frequency end of the tuning range, with the tuning capacitor adjusted for least capacitance, 
the trimmer capacitor in parallel with the variable tuning capacitor has maximum effect. As an example, with 
a tuning capacitor set for 13 mmfd, a change of trimmer capacitance from 5 to 15 mmfd alters the combined 
parallel capacitance from 18 to 28 mmfd. For this reason the trimmer is adjusted for correct tuning at or 
near the high-frequency end of the frequency range. The trimmer and padder are service adjustments. 

In a multi-band receiver using the same tuning capacitors for all frequency bands it is necessary to provide 
separate inductance coils and separate adjustable padders for each band. The higher the frequency band the 
smaller must be the tuning inductance and the greater must be the padder capacitance. 

?Tracking is a problem in standard broadcast receivers because of the high ratio of maximum to minimum 
frequencies. The ratio of 1,600 kc to 550 kc is about 2.9 to 1. Similarly high ratios are found in many short-
wave bands. But in the f-m broadcast band the maximum received frequency is 108 mc and the minimum is 
88 mc, for a ratio of only about 1.23 to 1. This makes tracking a minor problem. The frequency ratio of tel-
evision channels 2 through 6 is 1.49 to 1, and of channels 7 through 13 it is about 1.2 to 1. Most television 
receivers have tuning inductances or capacitances, or both , which are separately adjustable or adjustable 
in groups for the channels or bands, which obviates any overall tracking problem. Television receivers hav-
ing continuously adjustable inductances for the total variation of frequency have suitable means for adjust-
ing the tracking. These matters will be investigated when we come to service alignment of television tuners. 
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We have succeeded in obtaining from the mixer or converter a signal whose center frequency remains the 
same for every station or channel received, yet which carries the modulation for pictures or sound of each 
different program. The constant center frequency of this signal is the intermediate frequency coming from 
the mixer or converter. This modulated signal voltage will be put through the intermediate-frequency am-
plifier system of the receiver and then will go to the detector. 

Since the intermediate frequency remains the same for all received signals, the transformers or other 
couplings in the i-f ( intermediate-frequency) amplifier system may be tuned for this frequency and left that 
way. Tuning of these transformers or couplers is a service adjustment, it is not under the control of the op-
erator. The only tuning to be done by the operator is that for the r-f oscillator,-for the mixer, and for the an-
tenna if the antenna coupling is a tuned type. Here we have advantage number one of the superheterodyne; 
simplicity of tuning. 

The intermediate frequency always is lower than any received frequency. In an earlier lesson we learned 
that the lower the resonant frequency at which tuned circuits are operated the greater is their selectivity. 
So the second advantage of the superheterodyne is improved selectivity. 

When talking about some cf the old-time receivers we learned that undesired oscillation, with its result-
ing whistling and howling, occurs at the high-frequency end of the tuning range — unless amplification is 
kept at a very low value. Since the i-f amplifier of the superheterodyne operates at a frequency even lower 
than the low end of the tuning range, we may use very great gain or amplification in this amplifier without 
running into difficulty with oscillation. This possibility of high i-f gain is advantage number three of the 
superheterodyne . 

Although the choice of intermediate frequency is made by the designer of the receiver, and cannot be 
changed to any great extent by service adjustments, we should understand a few of the facts which influ-
ence the choice. 

In early superheterodynes for broadcast reception the intermediate frequencies were as low as 50 to 175 
kilocycles. These low interirediates were chosen to avoid feedback through the plate-to-grid capacitance 
inside the amplifier tubes, for at that time all amplifiers were triodes, screen grid tubes and pentodes had 
not yet appeared. 

The old triode amplifiers had transconductances of only 400 to 800 micromhos, and to obtain sufficient 
total amplification it was recessary to use three or more i-f stages with low-loss or high-Q couplings in 
every stage. Using many stages of amplification with low-loss construction increases the tendency to os-
cillate. To prevent such trouble it was necessary to use the low intermediate frequencies. 
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Fig. 34-1. An i-f transformer for television sound. The shield has been removed and set to one side. 

Nowadays practically all i-f amplifier tubes are pentodes, in which there is very small plate-to-grid cap-
acitance and through which there cannot be enough feedback to cause oscillation at any intermediate fre 
quency which may be used. Furthermore, present i-f amplifier pentodes have transconductances of 2,000 to 
6,000 micromhos, which makes it unnecessary to use many stages of i-f amplification to obtain all the gain 

that is desirable. 

One of the principal advantages of high intermediate frequencies is a reduced tendency to pulling between 
mixer and oscillator tuned frequencies. Naturally, if the oscillator frequency differs from the incoming radio 
frequency by something like 455 kc the two circuits are much less likely to pull toward the same frequency 
than with adifference of only 175 kc or less. Another important advantage of higher intermediates is greater 
separation of " image frequencies" from receiver frequencies. This matter of image frequencies requires a 

little explanation. 

IMAGE FREQUENCIES. Assume that your superheterodyne broadcast receiver operates with an inter-
mediate frequency of 455-kc, and that you have it tuned to receive an r-f signal at 600 kc. Since the os-
cillator frequency will be equal to the radio frequency plus the intermediate frequency, the oscillator fre-
quency will be 1,055 kc in this particular case. Supposing now that another broadcast signal at 1,510 kc 
can reach the mixer or converter of your receiver. This other signal frequency will beat with the oscillator 
frequency to produce a beat frequency equal to their difference. The difference between the 1,510-kc signal 
frequency and the 1,055-kc oscillator frequency is 455 kc, which is the intermediate frequency at which 

your receiver operates. 

If both the desired r-f signal at 600 kc and the undesired r-f signal at 1,510 kc reach the mixer grid, both 
will produce a 455-kc intermediate frequency, and this intermediate frequency will carry the modulations or 
programs of both stations. The i-f amplifier of your receiver will be tuned for the intermediate frequency of 
1.55 kc, so both programs will be amplified, detected, and reproduced from the speaker at the same time. 
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Fig. 34-2. A " slug tuned" i-f transformer for standard broadcast. 

The 1,510-kc frequency is called an image frequency. It is 455 kc above the oscillator frequency, while 
the desired 600-kc signal is 455 kc below the oscillator frequency. An image frequency is one that is just 
as far above the oscillator frequency as the desired signal frequency is below the oscillator frequency. 
Another way of saying the same thing is to state that an image frequency differs from the desired signal 
frequency by twice the intermediate frequency. Twice our intermediate frequency of 455 kc is 910 kc. The 
image frequency of 1,510 kc is just 910 kc higher than the desired frequency of 600 kc. 

To keep the image frequency away from the mixer grid or the r-f grid of a converter, we must have one or 
more tuned circuits between the grid and the antenna, into which, both the desired frequency and the image 
frequency are induced. If the circuit or circuits between antenna and mixer are tuned to the desired signal 
frequency, and if these circuits are reasonably selective, they will exclude the image frequency while ac-
cepting the desired signal. 

The higher the intermediate frequency the farther the image frequencies will be placed above the desired 
signal frequencies. Supposing we were to use an intermediate frequency of 535 kc. When tuned to the lowest 

Fig. 34-3. I-f transformers with widely separated windings providing loose coupling. 

A 
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Fig. 34-4. Basic circuits for i-f amplifier sections of standard broadcast, f-m broadcast, and television 
receivers. 

American broadcast carrier, 550 kc, the oscillator frequency would be 535 plus 550, kc, or would be 1,085 
kc.The image would be at 1,085 kc (oscillator) plus 535 kc ( intermediate), or would be 1,620 kc. This would 
be above the highest broadcast carrier frequency. 

But with the i-f amplifier tuned to535kc it would require a high degree of selectivity to prevent the lower 
broadcast carriers, around550 kc, from being picked up directly by wiring and parts in the i-f amplifier sys-
tern, without having to come through the antenna and mixer circuits. To avoid such pickup it is necessary 
to use an intermediate frequency quite a bit lower than the lowest r-f signal frequency to be received. 

If you assume an intermediate frequency of 455 kc and figure out the images for received frequencies be-
tween 550 and 690 kc you will find that all these images are within the standard broadcast band, between 
1460kc and 1600 kc. If you compute the images for received frequencies between 840 and 1,600 kc you will 
find they fall between 1,750 and 2,510 kc, a range within which other radio services are operating. 
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INTERMEDIATE-FREQUENCY AMPLIFIERS. Fig. 34-4 represents, in greatly simplified form, the most 
common practices in i-f amplifiers for standard a-m broadcast, f-m broadcast, and television receivers. Di-
agram A shows standard broadcast practice. A pentagrid converter is coupled to the i-f amplifier pentode 
by means of an i-f transformer. The output of the i-f amplifier tube is coupled to the diode detector through 
a second i-f transformer. Both transformers are tuned to the intermediate frequency used in the receiver. 
The diode detector is one section of a duodiode-triode tube whose other section, the triode, acts as an 
audio-frequency amplifier. 

Both the primary and the secondary windings of the i-f transformers may be tuned to resonance at the in-
termediate frequency in either of the ways shown by diagram B. With one method there are adjustable cores 
in each of the windings, to vary their inductances, and fixed capacitors are connected across each winding. 
With the other method there are adjustable capacitors across each of the windings. 

Diagram C represents common practice for i-f amplifiers in f-m broadcast receivers. There is a pentagrid 
converter of a type suited for operation at the f-m carrier frequencies. There are two i-f amplifier pentodes 
with three i-f transformers for coupling between converter and first i-f amplifier, between the two i-f ampli-
fiers, and from the second amplifier to the detector. The detector is a twin-diode connected into a special 
circuit suited for demodulation of f-m signals. The matter of f-m demodulation or detection will be investi-
gated a little later. The coupling transformers may be tuned either by adjustable cores or else by adjustable 
capacitors, as shown by diagram B. 

Diagram D of Fig. 34-4 shows what probably is most common practice in television i-f amplifiers which 
handle the picture or video signals.Following the mixer are three pentode i-f amplifiers. A good many sets 
use four such amplifiers. All the couplings between tubes consist of a single coil or inductor tuned to re-
sonance by an adjustable core, for varying the inductance. Capacitance for the resonant circuit is furnished 
by internal capacitances of the tubes, by distributed capacitance of the coil, and by stray capacitances in 
wiring and other parts. The diode type video detector usually is one section of a twin-diode, with the sec-
ond section employed for some other purpose. 

® More i-f amplifying stages are needed for f-m reception than for standard broadcast because it is not 
possible to obtain as much gain per stage at the higher intermediate frequency used in f-m receivers. We 
need still more i-f stages for television picture or video signals than for f-m broadcast reception because 
of the still higher intermediate frequencies employed with television, and the resulting still lower gains 
per stage. 

eThere is less gain per stage at higher frequencies partly because high-frequency resistance goes up and 
the "Q" of tuned circuits goes down as we go into the ranges of intermediate frequencies used for f-m broad-
cast and television reception. However, the big reason for drop of stage gain at high frequencies is the de-
crease of reactance in tube capacitances, distributed capacitances, and stray capacitances. These de-
creased capacitive reactances act like bypass capacitors across all the tuned circuits, and it is impos-
sible to get enough impedance in the plate circuits to obtain much amplification per tube. 

The elementary circuits of Fig. 34-4 are only the most common kinds. There are many exceptions. In f-m 
receivers there may be more than two i-f stages, or there may be one or more single-coil couplers instead 
of all transformers.In television i-f amplifiers there may be two-winding transformers instead of single-coil 
couplers, or there may be some of each kind in the same amplifying system. 

The principal object of any coupling device used in an i-f amplifier is to cause maximum amplification 
at the intermediate center frequency and the modulation frequencies on both sides of the center, while al-
lowing minimum amplification at all other frequencies. 
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Fig. 34-5. An i-f transformer having adjustable. mica capacitors for tuning the primary and secondary. 

In the standard broadcast band each channel is 10 kc wide.This means that audio-frequency modulation 
may extend to 5 kc below the intermediate center frequency and to 5 kc above this center frequency. Any 
audio frequencies higher than these limits would mean that sideband frequencies are extending over into 
lower or higher channels. h follows that the ideal coupling device for standard broadcast reception would 
have maximum gain throughout a range of 10 kc, and zero gain everywhere else, as represented at A in Fig. 
31-6. 

For f-m sound broadcasting the maximum variations of frequency go to 75 kc below and 75 kc above the 
center frequency. Then the ideal i-f coupling device for this class of service would have frequency re-
sponse as at B, giving maximum amplification throughout a range 150 kc wide, and zero everywhere else. 

Transmission and reproduction of sound for television programs is handled by the frequency-modulation 
method, but maximum frequency variation extends to only 25 kc below and 25 kc above the center frequency, 
rather than to 75 kc as for f-m sound broadcasting. Consequently we would need maximum frequency re-
sponse over a range of only 50 kc for f-m sound in television receivers. 
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Fig. 34-6. Passbands are relatively narrow for a-m and f-m reception, but very wide for television. 
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Fig. 34-7. Response curve showing coverage of a wide range of frequencies. 

Signals for television pictures, for blanking, and for synchronization, are handled by amplitude modula-
tion. These "video" signals extend over a maximum frequency range of about 5V2 megacycles in the tele-
vision i-f amplifier. Both these a-m video signals and the f-m sound signals for a television program are 
within a channel extending over a total frequency range of 6 megacycles. Consequently, the ideal frequen-
cy response for the television i-f amplifier would be 6 megacycles, as at C in Fig. 34-6. 

It is impossible to construct i-f amplifiers with cutoffs of amplification so sharp at certain frequencies 
as indicated in Fig. 34-6, but the closer we come to the ideals the more satisfactory will be the perform-
ance.The actual range of frequencies throughout which there is voltage amplification of no less than 0.707 
or about 70% of the maximum amplification usually is considered as the effective band width of an ampli-
fier or of any single stage of amplification. Amplification or voltage gain at various frequencies maybe 
shown by a curve like that of Fig. 34-7. Then the range of frequencies within the points at which ampli-
fication falls off to about 70 per cent may be called the passband of the amplifier or the stage, or it may 
be called the bandpass. 

1-F TRANSFORMERS. It is impractical to construct either a single-coil coupler or a two-winding trans-
former to provide satisfactorily high gain, good selectivity, and at the same time allow a passband so wide 
as required for television. A single television channel covers a range of frequencies about six times that 
of the entire standard broadcast band, in which there are more than 100 channels. To adequately amplify 
all frequencies in a television channel and provide sharp enough cutoff at both ends it is necessary to use 
several i-f amplifier couplings tuned to different frequencies, as s hown by Fig. 34-8. The overall frequency 
response or overall amplification will be about as shown at the bottom of the figure. By suitable choice of 
the separate frequencies the overall response may be made as wide as required. This is called staggered 
tuning. 

The passband for f-m sound broadcast reception is only 2'4 per cent of that for television. A two-winding 
transformer may be constructed and adjusted to cover this narrower range without difficulty. For a-m stan-
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Fig. 34-8. Stagger tuned stages provide a wide overall frequency response with sharp cutoffs. 

dard broadcast the passband need be only1/6 of one per cent of that for television, so it is a simple matter 
to cover this very narrow range with a two-winding transformer. 

The basic design of i-f transformers for f-m receivers is like that for a-m standard broadcast receivers, 
except for changes required in handling the higher intermediate frequency. The same basic design is used 
for sound i-f transformers of television receivers. All this makes it logical to examine the i-f transformers 
for standard broadcast, F-M broadcast, and television sound all at the same time. Video i-f amplifying sys-
tems for television will be taken up a little later. 

l-f transformers having primary and secondary windings separately tuned by adjustable capacitors or by 
adjustable iron cores are pictured in Figs.34-1, 34-3, and 34-5, and are shown by symbols at B in Fig. 34-
4.1f the two windings of a transformer were of identical construction and Q-factor, had very loose coupling, 
and were tuned to the same frequency, the response curve would have a single rather sharp peak. Because 
of the loose couplingthe voltage and current induced in the secondary would not be very strong; there would 

not be an efficient transfer of power through the transformer. 

As the coupling between windings is made closer and closer there will be an increase of power transfer, 
while the frequency response will continue to show a single peak. Finally you would reach a degree of 
coupling at which there is maximum power transfer, and maximum induced voltage and ctrrent in the sec-
ondary. With either greater or less coupling the secondary voltage and current would drop lower. This is 

the condition called critical coupling. 

With increase of coupling beyond the critical value the single peak of response will separate into two 
peaks, one at a frequency lower than the original resonant frequency and the other above the original fre-
quency. Changes of frequency response will be somewhat as shown by Fig. 34-9. At 1 we have less than 
critical coupling. At 2 there is critical coupling. At 3 we have " overcoupling" to a degree slightly greater 
than the critical value. At 4 the coupling has been greatly increased, causing two distinct peaks with rela-
tively weak response at the original resonant frequency, which now lies between the two peak frequencies. 

A B C 

FREQUENCIES 
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Tie two peaks ap pear because the mutual inductance alternately adds to and subtracts from the induc-
tances of the two windings, producing the effect of two different inductances and the corre4ponding two 
peaks of response. 

We have assumed identical primary and secondary circuits with equal Q-factors. If the two circuits are 
not alike, but have different Q-factors, and if there is overcoupling. the voltages of the separate peaks will 
' be less than the voltage for a single peak with critical coupling. The greater the Q-factor of either circuit 
the sharper will be its peak. High Q-factors in both circuits make both peaks sharper and increase the 
depth of the "valley" in between them. 

There is a great deal of interesting theory dealing with the effects of over-coupling, but to follow the 
theory we would have to know the coupling coefficients and how they vary, and would have to know the Q-
factors of the two circuits. These things would not be known during ordinary service work, and itwould 
not be worth our while to go into them because few i-f transformers are constructed with adjustable coup-
lings. 

Nearly all i-f transformers are designed with fixed coupling. There are adjustments that allow you to 
alter the frequency at which the peak or peaks appear, but during service operations you cannot materially 
change the shape of the response curve other than to distort it beyond all usefulness. The shape of the fre-
quency response, when there are correct adjustments, depends on the original design. 

Fig. 34-10 sh ows some of the changes in frequency response which might be seen by a service tech-
, nician during adjustment of a double-tuned overcoupled i-f transformer. These curves were taken on an i-f 

transformer in an f-m receiver employing an intermediate frequency of 10.7 mc, the intermediate frequency 
used in all modern f-m sets. 

In diagram 1 both windings are far out of adjustment. There is a low peak at 103 mc, a higher peak at 
10.83 mc, and between them is a fairly flat response. Adjustment of one or the other of the windings will 
bring the peaks closer together, as at 2. Further adjustment brings the peaks still closer, as at 3, and there 
is an increase of height on the lower peak because of greater power transfer. Now it becomes possible, by 
adjusting either winding, to produce the effect shown at 4. Here there is a high, sharp peak at the left and 
a lower one at the right. The high peak might be at the right instead of at the left. 

Final adjustment will produce the response shown at 5 in Fig. 34-10. The center is at 10.7 mc, with 

Fig. 34-9. How frequency response is altered by increasing the coupling. 
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Fig. 34-10. Frequency responses obtained during tuning or " alignment" of an i-f transformer in an 
f-m receiver. 

peaks 0.1 mc lower and 0.1 nie higher. There is almost complete cutoff at frequencies 0.2 mc lower and 
0.2 mc higher than the center frequency. The effective passband is about 0.3 or 0.3 mc. The valley is very 
little lower than the peaks. 

In examining this i-f response you should keep in mind that maximum frequency modulation or frequency 
change ( for an f-m sound receiver)will extend to 75 kc or to 0.075 mc above and below the center frequency. 
That is, the total change of frequency will be twice 0.075 mc or will be 0.15 mc. Since our passband is 
0.30 mc there is sure to be practically uniform amplification of all modulation frequencies within the 0.15 
mc range of reception. 

With an i-f transformer designed for less than critical coupling, or with one in which overcoupling cannot 
be had, it still is possible to have •wo peaks or a single fairly broad peak by tuning the primary and sec-
ondary to slightly different frequencies. Such i-f transformers are used in many f-m and a-m sound receivers, 
and in some television video i-f amplifiers. This method of coupling may be shown as at the left in Fig. 
34-11. Primary and secondary are tuned by adjustable cores. There is neither a fixed nor an adjustable 
capacitor across either winding. But across the primary is the output capacitance of the first tube, and 
across the secondary is the input capacitance of the second tube. These tube capacitances are indicated 
by broken-I tne symbols. 
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BIAS = B + BIAS 

Fig. 34-l1. Interstage coupling with a double-tuned transformer ( left) and with a single tuned coil (right) 

The diagram at the right in Fig. 34-11 shows the coupler between two amplifying tubes as a single tuned 
coil rather than a two-winding transformer. Now both tube capacitances are across the single coil. Since 
the capacitances are inparallelwith each other there is more capacitance across the coil than across either 
of the windings in the transformer at the left. 

One of the advantages of a double-tuned transformer as compared with a single coupling coil is that each 
tube capacitance and also the circuit capacitance act with only their own winding, and the tuning of each 
winding may be exactly suited to the capacitances with which it must operate. A double-tuned transformer 
is capable of producing a frequency response with a flatter top and steeper sides than oLtainable with a 
single coil. 

The frequency response of an i-f transformer does not have to have such steep sides or such sharp cut-
offs as indicated in Fig. 34-10 by diagram 5. The double-peaked response at the left in Fig. 34-12 would 
be entirely satisfactory, as would also the broad single peak at the right — especially when there is more 
than one amplifying stage. When one stage feeds into another the effect is to produce an overall response 
with sides much steeper than in the response of any one of the stages by itself. The responses of Fig. 34-
12 are photographs of oscilloscope traces. 

Some i-f transformers have their primary and secondary windings not as separate coils close together but 
with the turns of each winding wound rightalong with those of the other winding. Such a transformer is made 
up by laying the wires for the two windings parallel and right against each other, then winding both to-
gether around the form which is to support them. Such windings sometimes are called bifilar, a name orig-
inally applied to two threads running side by side on the body of a machine screw or bolt. 

These bifilar windings may be indicated by symbols such as illustrated in Fig. 34-13. Any symbol showing 
two coils with only one adjustable core for both indicates a winding of this general type. Moving the core 
farther into the windings increases the inductance and lowers the tuned frequency, while turning the core 
out of the windings lessens the inductance and raises the frequency of resonance. Although changing the 
position of the core makes large variations of resonant frequency, it has very little effect on the coupling. 
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Fig. 34-12. Frequency responses with double and single peaks as observed on an oscilloscope. 

This is because the core does not form a complete magnetic circuit and changing its position cannot alter 
the proportions of iron and air in the magnetic circuit nor make any material change of permeability. 

When there is only a single adjustable core,as at the right in Fig. 34-11 and in Fig. 34-13, the frequency 
at which there is peak response is varied by moving this core farther into or out of the winding or windings. 
With two adjustable cores, as at the left in Fig. 34-11, both cores must be moved to change the peak fre-
quency while maintaining maximum gain or maximum height of the response curve. If the frequency is to be 
lowered, both cores must be turned farther into their windings to increase the inductance. To raise the fre-
quency both cores must be turned farther out of their windings to lessen the inductance. If there are two ad-
justable capacitors, as at B in Fig. 34-4, both capacitances must be increased to lower the peak frequency, 
or both must be decreased to raise the peak frequency. 

When adjustment is by means of a movable core or slug, there will be maximum inductance and lowest 
tuned frequency with the core centered along the length of its winding or windings. Movement either way 
from this center position decreases the inductance and raises the peak frequency. As a consequence, you 
sometimes may screw a core one direction to make the peak frequency lower only to find that continued 
movement in the same direction finally brings the frequency up again. This means that you have turned the 

adjustment past the center point. 
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Fig. 34-13. Transformers with bifilar windings may be shown by symbols of these types. 

INDUCTANCE TUNING. You have noticed that some circuits are tuned to resonance by adjustable in-
ductance, with fixed capacitance, while others are tuned by adjustable capacitance with fixed inductance. 
Inductance is adjusted by means of a movable iron core inside a coil winding. If this inductance is tobe 
varied only during service operations, as when tuning the i-f transformers, the adjustment ordinarily is al-
tered by turning a threaded stud or screw to which the core is attached. If the inductance is to be varied 
by the set operator, for tuning to various stations or channels, the change is made by means of a knob or 
dial with some form of pulley and cord arrangement for moving the core. 

When variable capacitance is to be used by the set operator for tuning to stations or channels, the cap-
acitor is an air dielectric type with movable rotor plates and fixed stators. Small air dielectric capacitors 
may also be used for service adjustments, with the end of their rotor shaft slotted to take a screw driver, 
or of square or hexagon shape to take a socket wrench. A capacitor more commonly used for service adjust-
ments is the mica compression type having a screw for bringing the plates closer together or letting them 
spring apart. We have looked at a number of these mica compression capacitors used as trimmers. Two such 
trimmers are on each of the i-f transformers pictured in Figs. 34-3 and 34-5. 

Adjustable capacitors used as trimmers or for any service adjustments sometimes are of the rotary ceramic 
type, with thin metallic plates formed on the surfaces of ceramic discs. There also are tubular ceramic trimmer 
capacitors in which the dielectric is a thin ceramic cylinder. The fixed plate is a metallic coating or a metal 
tube or a winding of wire around the outside of the dielectric cylinder. The other plate is either a solid 
cylinder or else a tube of metal inside the dielectric cylinder, arranged to be moved lengthwise by a threaded 
stud or screw. Capacitance is increased by turning the inside adjustable plate farther into the outer fixed 
plate. 

eBy using a movable iron core it is possible to obtain a necessary inductance with a much smaller coil 
winding than when using air-core construction, this is because the iron greatly increases the permeability 
of the magnetic circuit and the inductance of the winding. The smaller winding will have less distributed 
capacitance and less high-frequencyresistance, thus tending to increase the Q-factor. But there are losses 
due to eddy currents and hysteresis in the iron core. These losses would not be present with air-core con-
struction. The net result is that there is little difference between Q-factors and resonant gains of circuits 
tuned by adjustable inductance and by adjustable capacitance. The chief advantage o f iron-core construct-
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Fig. 34-14. The superheterodyne circuit with which we started our investigations of this type of 
receiver. 

ion is reduction of the space needed, because the coil winding may be smaller and because the movable 
core is inside the coil and adds nothing to the overall size. 

COMPLETING THE SUPERHETERODYNE. When first commencing the study of superheterodyne re-
ceivers we looked at the circuit diagram for a five-tube set and saw many parts which then were wholly 
unfamiliar. That diagram is reproduced in Fig. 34-14. Now only a few parts are unfamiliar, and these can 
be disposed of in short order because you are well versed in principles that explain their operation. 

Up to this point we have had to deal chiefly with fundamentals, to make sure of having a firm foundation 
for future practical applications. Now we are almost ready to undertake some of the most importantservice 
opefations. Of course, there are many principles still to be learned, but once we get started in actualser-
vicing procedures it will be easy to grasp all the remaining basic facts. You will learn these factors just 
as any beginning sery ice technician learns new things every day he works. He learns by running into prob-
lems that demand additional knowledge, by acquiring that knowledge, and immediately putting it to use in 
solving the problems. 

To finish what little preliminary work remains we shall examine our receiver diagram to discover which 
parts or circuits require additional explanation. Over at the left-hand side of the diagram we have aeon-
verter tube, also a tuned circuit between antenna and r-f grid, and we have a Bartley oscillator circuit con-
nected to the oscillator grid. 

Next comes an i-f transformer, then the i-f amplifier tube, and another i-f transformer. These parts have 
been discussed in the present lesson. From the second i-f transformer the signals go to the diode detector 
which is part of the duodiode-triode tube. We know how the diode detector performs. Down below is the B-
power supply and the series heater connections. We are well acquainted with power supplies. 
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There remain only two parts to be examined; the audio amplifying system between detector and speaker, 
and the connection from the grid returns of the converter and i-f amplifier to the top of the volume control 
resistor. This latter connection provides automatic volume control which compensates for variations in 
strength of received signals. 

The circuits for automatic and manual volume control are shown by themselves in Fig. 34-15. As we 
learned when studying diode detectors, the demodulated signal voltage in the detector circuit appears 
across the volume control resistor. Part of this s ignal voltage is taken through the slider contact and cap-
acitor Cg to the grid of the triode audio-amplifying section of the combined a-f amplifier and detector. The 
farther the slider is moved away from the grounded lower end of the volume control resistor the stronger is 
the signal voltage taken to the grid of the a-f amplifier, and the greater will be the sound volume from the 
speaker. Moving the slider toward the grounded end of the control resistor reduces the volume. This is the 
action of the manual or hand-operated volume control. 

Now to explain the action of the automatic volume control, a name usually abbreviated to " avc" or " AVC". 
First look at the grid return circuits shown by figure 34.-14 of the converter and i-f amplifier. From the con-
verter grid the return circuit goes through the transformer winding to the line marked AVC Bus, thence 
through resistorRf and the volume control resistor to ground. This grid circuit is completed through ground 
to the lower end of the oscillator coil and through part of this coil back to the converter cathode. 

From the grid of the i-f amplifier the return circuit goes through the transformer winding to the avc bus, 
through resistorRf, t he volume control resistor, and through ground back to the cathode of the i-f amplifier. 

T 
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I-F 
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Fig. 34-15. Manual and automatic volume control circuits of the superheterodyne. 

Rg 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 34— Page 16 

A-F AMP 
 •  

Cb 

T  

• 

Cc 

Rg 

Cg 

VOLUME 
— CONTROL 

OUTPUT 
AMP. 

R k 

Cd 

 4 

COUPLING 
TRANSFORMER 

SPEAKER 

Fig. 34-16. The audio amplifying system of the superheterodyne receiver. 

The grids of both tithes are connected to the top of the volume control resistor. The cathodes of both tubes 
are connected through ground to the bottom of this resistor.Therefore, the voltage or potential difference 
across the volume control resistor must be the grid bias voltage for the two tubes, because this voltage is 
the difference between pctentials of the grids and the cathodes. 

Electron flow in the volume control resistor comes from the diode detector plates through the transformer 
winding and passes from top to bottom of the resistor. The electron flow continues on through ground and 
back to the cathode of the detector tube. This direction of electron flow means that the top of the volume 
control resistor is negative with reference to the bottom. Consequently, the grids of the converter and i-f 
amplifier (connected to the top of the resistor) are negative with reference to their cathodes (connected to 
the bottom of the resistor) and there is negative grid bias on both tubes. 

°The grid bias voltage is varied by changes of strength in the antenna signals which are amplified by the 
converter and i-f amplifier. A stronger signal delivered from the converter and i-f amplifier to the detector 
will increase the average electron flow through the volume control resistor. The greater electron flow 
means increased voltage across this resistor. The increased voltage makes the bias for the tubes more 
negative. As the bias becomes more negative it reduces the amplification, thus counteracting the stronger 
received signal. If the incoming signal gets weaker there is less -voltage across the volume control resistor, 
and bias on the converter and i-f amplifier tubes becomes less negative. The less negative bias allows am-
plification to increase — again counteracting the effect of the weaker signal. 

We have looked at the simplest of automatic volume controls. A stronger incoming signal acts to decrease 
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the amplification,while a weaker incoming signal acts to increase the amplification. Variations of strength 
in received signals are largely compensated for, and sound volume from the speaker depends chiefly on the 
setting of the manual volume control. 

Next we shall look at the audio amplifying section, shown by itself in Fig. 34-16. The a-f amplifier is 
the triode portion of the combined detector-amplifier tube. The grid is biased by the grid-leak method,with 
grid resistor Rg and capacitor Cg. Capacitor Cb bypasses to ground any intermediate frequencies which 
might get into the audio amplifier system. Resistor Ro is the load resistor in the plate circuit of the a-f 
amplifier. Amplified audio signal voltages developed across Ro go through coupling capacitor Cc to the 
grid of the output amplifier. Tong ago we learned how amplified signal voltages are produced across a load 
resistor in a plate circuit. 

The output amplifier is a beam power tube. It is operated with cathode bias by means of bias resistor Rk. 
The grid return is through resistor Ra to ground and the cathode. Amplified signal output from this tube is 
coupled to the speaker through a transformer. The transformer primary provides the load impedance in the 
plate circuit of the tube. A small amount of signal voltage is fed from the plate to the cathode of the out-
put amplifier through capacitor Cd. This is a degenerative feedback for lessening distortion of reproduced 
sound, something to be examined at length at a later date. 

Finally we have arrived at the speaker of a complete superheterodyne receiver after following the signals 
all the way from the antenna, Principles which have been studied in many lessons here have come together 
and found their applications in the superheterodyne system which is the basis of all a-m receivers, all f-m 
receivers, most of the short-wave receivers, and all television receivers. 

To make this a-m receiver over into an f-m type would require only two major changes; the i-f amplifier 
section would be designed to operate at higher frequencies, and we would use a different kind of detector. 
Then, to adapt the f-m receiver for use as the sound section in a television set we could take off the f-m 
tuner, connect the i-f amplifier to the regular tuner of the television receiver, and design the i-f amplifier 
for still higher frequencies. 

To use our a-m superheterodyne for the r-f and video sections of a teleyision receiver we would replace 
the converter with separate mixer and oscillator, add more i-f stages; and connect the output of the diode 
detector through a video amplifier to the picture tube instead of through the audio amplifier to the speaker. 
‘lways we would retain the basic superheterodyne principle. 
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LESSON NO. 35 

ALIGNING THE SUPERHETERODYNE 

Many a service man has begun his professional career with less knowledge of radio than you already po-
ssess. Let's imagine that you are on your own, and have the job of aligning the six tube-two-band super-
heterodyne of Fig. 35-1. To align a receiver means to make all necessary tuning adjustments in circuits 
for antenna and r-f amplifier, the r-f oscillator, and the intermediate-frequency amplifier. 

The minimum equipment for alignment of a standard broadcast set is a narrow bladed screw driver with 
an insulated shaft, and a thorough knowledge of what you are trying to accomplish and how it should be 
done. A trained technician can do more of a job with a screw driver and his ears, to hear with, than can be 
done by someone with less mental equipment and a bench full of signal generators, electronic voltmeters, 
output meters, oscilloscopes, and everything else that he doesn't know how to use. Don't conclude, how-
ever, that good equipment is not worth while. with suitable instruments and tools the trained man can do 
even a better job and do it in far less time. 

Quite likely you will have available the manufacturer's service information, which will be of the general 
order shown under the heading of "Service Information" in this lesson. The instructions tell how the manu-
facturer believes the job should be done to insure best results with the testing equipment mentioned. As a 
general rule it is assumed that you have a signal generator and some kind of meter for measuring signal 
output from the set. After a few pages of preliminaries we shall discuss each of the alignment steps. 

Accompanying the service information will be a circuit diagram. Fig. 35-2 is such a diagram for the par-
ticularreceiver we intend to align. This diagram gives the values of all fixed capacitors and fixed resistors. 
In accordance with usual practice the capacitances are in micro-microfarads for all values less than 1,000 
micro-microfarads, and are in decimal fractions of a microfarad for all greater values. Resistor values fol-
lowed by the letter M are in megohms, those followed by the letter K are in thousands of ohms, and with no 
letter the values are in ohms. 

A competent service technician would recognize all the parts and their purposes from the symbols, the 
relative positions, and circuit connections. For convenience in explanation there has been added to the 
circuit diagram a series of reference letters from A to N. These letters would not appear on a regular ser-
vice diagram. Information to be gained from each reference point is as follows. 

A. This is part of the band switch for selecting either standard broadcast or short-wave reception. The 
switch rotors are shown in the broadcast positions. 

B. The antenna tuning transformer. Short-wave windings are above and the standard broadcast windings 
below. Trimmer capacitors are across each secondary. In this multi-band set the trimmers must be across 
the coils, not on the tuning capacitor sections, because the same tuning capacitors are used for both bands 
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and each band requires separate alignment. A 40K resistor is across the broadcast primary to broaden the 
tuning by increasing high-frequency resistance. The lower ends of the primaries connect to chassis ground 
through an.01 mf capacitor, to insulate the antenna from the "hot" chassis. 

SERVICE INFORMATION 

Tuning Ranges: Broadcast, 540 to 1,600 kc. Short-wave, 6 to 16 mc. 

Intermediate Freq: 455 kc. 
Power Supply: D-c or 50-60 cycle a-c. 115 to 120 volts. 

ALIGNMENT 

Connect receiver to 110V line through isolating transformer if possible, otherwise connect 0.1 mf between low 

side of generator and chassis. 

Output indicator: High-resistance voltmeter in series with 300K resistor, or electronic voltmeter, between high 
side of volume control and chassis. Meter negative to volume control, positive to chassis (volume control not 

marked on scherratic) 

Note a: 

Note b: 

Note c: 

SIGNAL GENERATOR RECEIVER 
INPUT SETTING DIAL ADJUSTMENT 

I-f Transformers 

1. Converter pin 8, r-f grid, 
through 1000 mmf. Note "a" 455 kc 

2. Same as step 1. 455 kc 

3. Antenna terminal through 
1000 mmf. 

4. Antenna terminal through 
200 mmf. Note " b". 

5. Same as step 4. 1400 kc 

6. Same as step 4. 600 kc 

7. Antenna terminal through 
400- ohm carbon resistor 

8. Same as step 7. 

For no Secondary and primary of 2nd 
signal i-f transformer for maximum 

For no Secondary and primary of 1st 
signal i-f transformer for maximum. 

Wave Trap 
455 kc 600 kc Wave trap for minimum. In-

crease generator output. 

Broadcast R-f ( Antenna) 
1400 kc 1400 kc Broadcast oscillator trimmer 

for maximum. 

1400 kc Broadcast antenna trimmer 
for maximum. 

600 kc Padder capacitor for maximum. 
Note "c". 

Short-wave R-f 
16 mc 16 mc Short-wave oscillator trimmer 

for maximum. Tighten, then 
loosen to second peak. 

16 mc 16 mc Short-wave antenna trimmer 
for maximum. 

Use signal generator unmodulated for all steps in alignment. 

Band switch at broadcast position for steps 4 through 6, at short-wave position for steps 7 and 8. 

Rock receiver tuning dial back and forth around 600 kc marking to find position allowing maximum 
meter reading, which may not be at exactly 600 on the dial. 
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Fig. 35-1. The six-tube two-band superheterodyne receiver. The antenna tuning transformers 
and i-f transformers are visible. 

C. This coil with adjustable core and the paralleled .005 mmf capacitor form a wave trap in series with 
the cathode of the r-f amplifier. The trap will be tuned to 455 kc, the intermediate frequency. Plate or ca-
thode currents due to signals at this frequency which might come to the r-f tube meet the high impedance 
of the parallel resonant trap circuit and are greatly weakened instead of passing through the converter to 
the i-f amplifier. There are other radio services, including some code stations, operating at and near this 

frequency. 

D. Cathode-bias resistor for the r-f and i-f amplifier tubes. Note that the cathodes of both these tubes 
connect through this 100-ohm biasing resistor to ground. 

E. and F. The first and second i-f transformers. There are capacitor trimmers on each winding. In other 
sets there might be adjustable cores with screws reached from the top or bottom of the can, or with one 
winding adjusted from above and the other from below. Alignment procedure is exactly the same with induc-
tance trimmers as with capacitance trimmers. 

G. The diode detector is part of the duodiode-triode tube whose triode section is the a-f amplifier. 

H. This is the avc bus connected to the top of the 500K volume control resistor. The grid return of the 
r-f amplifier connects to this avc bus through either of the secondaries in the antenna coupling transformer. 
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Fig. 35-2. The complete service diagram for the 6- tube superheterodyne. 
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Fig. 35-3. Alignment adjustments reached from the top of the chassis. 

The r-f or mixer grid of the converter connects to the avc bus through a 2M resistor. Thus the r-f amplifier 
and the mixer section of the converter have automatic volume control. We noted previously that the r-f and 
i-f amplifiers have cathode bias. 

With this rather unusual avc and biasing system there is cathode bias and avc actiop on the i-f and r-f am-
plifiers and there is avc bias on the converter mixer section. A change of strength in the incoming signal 
will alter the avc voltage and cause a change of cathode current in the r-f amplifiers and in the biasing re-
sistor at D. This resistor also biases the i-f amplifier. 

When a change of avc voltage acts to decrease cathode current in the r-f amplifier this lessened current 
in the biasing resistor at D lessens the voltage across the resistor and allows the r-f amplifier grid to be-
come even more negative with respect to cathode than it would be made by avc action alone. A given change 
of signal strength causes maximum avc action on the r-f amplifier, it has less effect on the i-f amplifier, 
and still less effect on the converter. In this way the r-f amplifier is given a great control over strong sig-
nals, which prevents overloading of the following converter and i-f amplifier. 

You will come across many peculiar avc systems, especially in the r-f and video sections of television 
receivers — where they are called automatic gain control systems. Fortunately, these controls do not af-
fect ordinary alignment procedures. At least, they do not alter the general methods by which alignment is 
carried out. Only when there are troubles with overloading and distortion will we have to consider these 
volume and gain controls. 

I. This is the tandem variable tuning capacitor. The section at the left, in the circuit diagram, tunes the 
antenna transformer, and the right-hand section tunes the r-f oscillator. 
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Fig. 35-4. The selector switch, tube sockets, most of the small parts, and wiring, are reached 
from underneath the chassis. 

J. Another part of the band selector switch. This part connects the oscillator grid and cathode of the con-
verter tube to the upper oscillator coil for broadcast reception or to the lower oscillator coils for short-wave 
reception. 

K. This is the padder capacitor for alignment at the low-frequency end of the standard broadcast band. 
There is no adjustable padder for the short-wave band, but there is a fixed .003 mf capacitor in series with 
the short-wave oscillator coil. Note that there are trimmer capacitors across the oscillator coils for both 
broadcast and short-wave. 

L. The pilot lamp, in parallel with a 220-ohm resistor and part of the heater in the rectifier tube. 

M. The series heating string. Heaters for detector and converter, the tubes most sensitive to 60-cycle 

line-frequency hum, are connected at the grounded end of the string. 

N. Note especially the connections on the output beam power tube and the a-f amplifier. Signals from the 
a-f plate come to the grid of the output tube through the .02 mf coupling capacitor. The a-f plate is connected 
to the B+ line through a 500K resistor. From the a-f plate to ground there is a 250-mmf capacitor for by-
passing any high frequencies which would add to the load on the output tube even though these frequencies 
are above audibility. The .02 mf capacitor between plate and cathode of the output tube provides degenera-
tive feedback for improvement of sound quality. 
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In addition to the circuit diagram there might be provided a diagram like that of Fig. 35-3 which shows 
the location of service adjustments as seen when looking down on top of the chassis. This type of diagram 
is a convenience but is not essential because you could locate all the adjustments by looking at the parts 
on top of the chassis and following connections underneath. 

Underneath the chassis are the fixed resistors and capacitors, the band switch, volume control, oscillator 
coils, tube socket lugs, and most of the wiring, all as pictured by Fig. 35-4. 

The actual layout of wiring and parts bears little resemblance to the connections as shown on the circuit 
diagram, but there are certain " landmarks" which make it easy to check the actual connections against 
those on the diagram.These landmarks are the tube socket pins and the terminals of some of the more easily 
recognized parts. By looking at the circuit diagram you can tell where the leads must go from each of the 
numbered pins on the tubes and the similarly numbered lugs on the sockets. Small capacitors and resistors 
of certain values may be identified by their color coding, while the larger paper and electrolytic capaci-
tors are plainly marked with words and numerals. Terminals on parts such as padders and traps are easily 
identified. By watching the band switch while turning the rotor shaft you can tell which terminals are used 
for each frequency band. 

ALIGNMENT METHODS. Having completed our examination of the receiver we may get ready to follow 
the instructions for alignment. Naturally, the exact methods for alignment will vary somewhat with different 
receivers. If detailed instructions are at hand they should be followed in order to save time and insure sat-
isfactory results without loss of time.However,afterdoing a few actual jobs, you will be well able to make 
suitable adjustments without any printed instructions, and you even can get along without a service diagram 
by taking enough time to trace connections in the actual wiring. 

The first step is to check indications of the tuning dial against positions of tuning capacitor rotors or 
tuning inductor cores. Some dials have special markings at which rotors or cores should reach the limits of 
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Fig. 35-5. Connecting the d-c voltmeter or electronic voltmeter for alignment measurements. 
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Fig. 35-6. A signal generator such as used for alignment of standard broadcast and short-wave bands. 

their travel. At any rate there should be maximum capacitance or inductance somewhat below the lowest fre-
quency marking, and minimum capacitance or inductance somewhat above the highest frequency marking. 
Dial pointers usually are adjustable by mechanical means which should be evident upon inspection. 

f"'Under the heading of Alignrnent in our service instructions it is recommended that an isolating transformer 
be used between receiver and line. An isolating transformer is a power type with primary and secondary in-
sulated from each other, and usually with a voltage or turns ratio of one-to-one. The purpose is to insulate 
a "hot" chassis from both sides of the power line while applying line voltage to the receiver. This avoids 
danger of severe electrical shock when touching the chassis, and prevents possible damage or burnout of 
testing instruments which may be connected to the chassis. 

no isolating transformer is available the signal generator is insulated from the receiver with a large 
capacitor (0.1 mf is recommended) in series with the normally grounded lead from the generator. This cap-
acitor must have a working voltage rating of at least 150 volts. 
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Fig. 35-7. The inside of a small service- type signal generator. Shielding covers and r-f os-
cillator tube have been removed to show attenuator and band tuning coils. 

The next instruction is with reference to the output indicator, which is to be a high-resistance voltmeter. 
This means ad-c voltmeter with sensitivity or internal resistance of 20,000 ohms per volt or more. Connect-
ing the meter between the top of the volume control and ground, as in Fig. 35-5, allows measuring changes 
of voltage across the control resistor. As we have learned before, the stronger the signal coming from the 
converter and i-f amplifier to the detector, the greater is the current in the volume control and the voltage 
across the control. Consequently, our voltmeter will read proportionately to the incoming signal and its am-
plification in converter and i-f amplifier. When alignment adjustments are correct there will be maximum 
amplification and maximum reading of the voltmeter. 

If we use the 10-volt scale of a 20,000 ohms per volt meter the meter resistance will be only 200,000 
ohms. The 300K series resistor is used to prevent too much of the volume control current from flowing 
through the resistance of the meter, with too little remaining in the regular volume control resistor. If an 
electronic voltmeter is available it may be used without a series resistor, because the resistance of an 
electronic voltmeter is several megohms on any of its scales. Either type of meter may be connected to any 
point along the avc bus in case the volume control terminal is difficult to reach. The volume control slider 
or manually operated knob may be at any position, it will have no effect on the alignment readings. 

When we come to the alignment of television receivers you will find that the great majority of measure-
ments are made with a d-c meter or electronic voltmeter connected to the detector load resistor, which is 
equivalent to the volume control resistor in the present type of receiver. 

SIGNAL GENERATOR. The usual source of signal voltages for i-f, and r-f or antenna alignment is the 
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type of instrument commonly called a signal generator. Fig. 35-6 is a picture of a fairly typical generator 
suitable for a-m broadcast receivers. Inside the generator is a radio-frequency oscillator, usually of either 
the Ilartley or the Colpitts type, with a number of coils or inductors which allow tuning through a number 
of frequency ranges. A range suitable for the job in hand is selected by a rotary switch whose knob is on 
the front panel. There is an output voltage control or attenuator for regulating the strength of signW de-
livered to the output cable.The attenuator control ordinarily consists of two parts, one being a coarse con-
trol, and the other a fine control or vernier control for close adjustment of the output voltage. 

Practically all service generators contain also an audio-frequency oscillator whose principal purpose is 
to modulate the r-f output voltage. The audio frequency usually is fixed at about 400 cycles per second. On 
the front panel of the signal generator will be a switch that allows applying the modulation to the r-f output 
or cuts it off to leave a"pure"r-f output or an unmodulated output. The audio voltage is available by itself 
from a separate connection or jack on the panel so that it may be used for some tests on a-f amplifier and 

speaker systems. 

The generator illustrated provides for adjustment of the percentage of modulation anywhere between zero 
and 100 per cent. In instruments having no such adjustment the modulation commonly is fixed at about 30 per 
cent, or there may be two degrees of modulation selected by a switch to provide something like 30 per cent 

and RO per cent. 

The remaining part of the signal generator is its power supply system. There will be a half- wave or full-
wave rectifier, a filter which usually consists of a choke coil and large filter capacitors, and the voltage 
dropping resistors with additional bypass or filter capacitors in the lines to oscillator plates and screens. 

The inside of a small signal generator is shown by Fig. 35-7. At the upper left is the coarse attenuator 
from which the shield cover has been removed. Underneath the tube shelf is the fine attenuator. Near the 
center is a twin-triode tube, one section of which is used as the a-f oscillator while the other section, with 
plate and grid connected together, is used as the half-wave rectifier. Behind this tube is the tuning capaci-
tor. 

The r-f oscillator tube has been removed to expose the tuning coils in the right-hand compartment, from 
which the cover has been removed. There is a separate set of windings for each frequency range. Parts of 
the power supply, except for the rectifier tube and filter capacitor can, are underneath the tube shelf. 

(5 The r-f voltage output from any signal generator is delivered to the receiver through a shielded cable. 
This is a cable with a central flexible copper conductor surrounded by insulation, with a braided flexible 
copper shield over the insulation. The outside of the braided shield is protected by an insulating cover. 
The shield is connected to chassis metal or ground inside the generator, and the other end has a clip for 
connecting it to chassis metal or B-minus of the receiver. This outer grounded shield is referred to as the 
low-side connection. The central conductor, carrying output voltage from the oscillator plate and attenu-
ator, is called the high side. The shielded cable is necessary in order that r-f fields may not escape, to be 
picked up on various parts of the receiver, and so that the desired signal voltage may be delivered only 
where it is wanted. 

The first two columns of our alignment instructions tell where the high side of the generator cable is to 
be connected in the receiver, how the connection is to be made, and the frequency at which the generator 

is to be set for the various tests. 

ALIGNMENT CONNECTIONS AND ADJUSTMENTS. Before any alignment adjustments are undertaken 

the signal generator and receiver should be connected to the power line, turned on, and allowed to warm up 
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Fig. 35-8. Connection of signal generator to mixer grid of converter tube. 

to normal operating temperature in all their parts. During this warming up period there will be changes in 
values of resistors, capacitors, and inductors. Were adjustments made during this period they would not be 
satisfactory during regular operation of the receiver. The warm up should be allowed to continue for ten 
minutes at the very least, and twenty minutes to a half hour will be much better. 

No metallic shielding covers should be removed from tubes or any other parts while alignment adjust-
ments are being made. Such shielding covers change the capacitance of protected parts and also alter the 
effective inductance of coils. Adjustments made without the shields would be incorrect when these parts 
are replaced. 

Most alignment adjustments are provided with slotted head screws. Some will have hexagon shaped or 
possibly square headed screws. It is best to use screw drivers or wrenches made especially for alignment. 
These alignment tools have handles and shafts of plastic or fibre and have a minimum of metal at their 
points. For adjustments of very high frequency parts the entire tool must be of insulating material, with no 
metal at all. 

When using the voltmeter on the volume control or ave bus, the volume control knob of the set may be in 
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Fig. 35-9. Test setup of signal generator, high-resistance voltmeter, and a receiver to be 
aligned. 

any position, as mentioned before. Usually the volume will be turned all the way down. with other methods 
of alignment a special type of output meter (described later) is connected to the speaker. Then the volume 
control must be kept at its maximum setting. If the receiver has push-button tuning or any kind of automatic 
tuning, this control should be turned off and ordinary manual or hand tuning used throughout the alignment 
process. Some tone controls affect the passband or selectivity of tie receiver. Any tone control should be 
placed in the position for speech reception, or a so-called normal position, or at the middle one of several 

possible positions. 

STRONG SIGNALS 
AVC Begins Much AVC Action 

Fig. 35-10. Voltage peaks are flattened if there is avc action during alignment. 
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Fig. 35-11. Signal generator may be connected first to the grid of the i-f amplifier for aligning 
the second i-f transformer. 

Step number 1 of our alignment instructions says to connect the signal generator (high side) to pin 8 of 
the converter tube through a fixed capacitor of 1,000 mmf capacitance. This connection is to the r-f grid or 
mixer grid of the converter, as in Fig. 35-8. The capacitor must be used between the generator cable and 
grid connection to avoid upsetting the bias voltage. The avc bias for the converter, like any other bias 
voltage, is applied through a conductive path or a d-c path extending all the way from the grid around to 
the cathode. In the output attenuator of the signal generator there is a conductive path to ground through 
the control resistors.%ere the output lead of the generator attached directly to the grid of the tube, the con-
ductive resistor path inside the generator would be in parallel with the grid return circuit of the tube, and 
bias voltage would be decreased. This is prevented by the insulating dielectric of the capacitor. R-f and i-f 
currents go through this capacitor, but it stops or blocks the d-c biasing voltage for the converter. 

In step 1 of the instructions there is a note (a) saying to use the signal generator unmodulated. The un-
modulated signal fed to the mixer grid of the converter is amplified in the converter, passes through the 
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first i-f transformer, is further amplified by the i-f amplifier tube, and passes through the second i-f trans-
former to the detector. The detector demodulates the a mplified high frequency voltage and delivers to the 
volume control resistor a direct current whose accompanying voltage is measured by the d-c voltmeter or 
electronic voltmeter connected across the volume control resistor. 

The signal generator is tuned to deliver signal voltage at 455 kc, the intermediate frequency at which the 
two i-f transformers are to have peak response. The instructions say to tune the receiver dial for no signal. 
This means to set the dial at any point where no regular broadcast signal would be received, at any point 
where no nearby station is operating, or at some point between stations. This will prevent a broadcast signal 
picked up by the receiver from affecting or interfering with the signal from the testing generator. 

We now have a setup as illustrated by Fig. 35-9, with the signal generator connected to the converter 
grid and the voltmeter on the volume control or avc bus. This picture shows a different receiver than the 
one for which we have detailed instructions, but the connections and general method of alignment would 
be the same. The receiver with which we are working is merely a typical example. Any other a-m broadcast 
receiver would be handled in practically the same way. 

(  
_y To complete step 1 of the instructions we now use our alignment tool for adjusting the secondary and pri-
mary trimmers of the second i-f transformer to produce maximum reading of the voltmeter being used as an 
output indicator. It is absolutely necessary to use the weakest voltage output from the signal ener-t-ir that 
will give distinct indications on the voltmeter. Unless we use the weakest possible signal there will be avc 
action in the receiver. With such action the amplification or the response will be limited, and instead of 
having a sharp peak of output voltage as at the left in Fig. 35-10 we shall have peaks flattened by avc ac-
tion as at the right. A sharp peak is easily identified by maximum voltmeter reading with only one exact ad-
justment of the trimmers. With flattened voltage peaks it is possible to shift the adjustments quite a ways 
in one direction or another with little change of output voltage, and the correct adjustment point is difficult 

to recognize. 

To insure working with the weakestpossible signal, always use the lowest range on the output voltmeter. 
Depending on the make and model of meter this may be 3 volts, 5 volts, or 10 volts. Generator output should 
be such that the meter reading varies only about 1 volt throughout the entire range of trimmer adjustments, 
from zero to peak. As you bring the adjustments closer and closer to their correct positions the meter read-
ing will rise. Then you must use the attenuator of the signal generator to reduce its output, and thus pre-
vent aye action from setting in. This matter of using the weakest possible input signal cannot be overem-
phasized. It is impossible to make correct trimmer adjustments with a strong signal. 

For step number 2 of the alignment instructions the connections and settings are the same as for step 1. 
Now we adjust the trimmers for the secondary and primary of the first i-f transformer, the one following the 
converter, in exactly the same way as was done for the second i-f transformer. The output as indicated by 
the voltmeter will increase as this first transformer is brought into adjustment, and it will be necessary to 
keep reducing the signal voltage from the generator. 

There is a certain rather definite order in which alignment adjustments are made, whether you are work-
ing with a-m,f-m,or television receivers. First comes the i-f amplifier. In aligning the i-f amplifier we com-
mence with the transformer or coupler nearest the output indicator and farthest from the signal generator, 
then work back toward the generator connection. After aligning the i-f amplifier we go to the r-f oscillator. 
The work then is completed by adjustment of whatever r-f and antenna transformers or couplers may be used. 

Wave traps are used in relatively few a-m and f-m receivers, but they are found in most television re-
ceivers. Wave traps, when used, are aligned immediately following the i-f amplifier. If there are short-wave 
bands, as in our present receiver, their alignment is carried out after finishing work on the standard broad-
cast band. 
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When aligning the i-f transformer nearest the detector while the signal generator is connected to the con-
verter or mixer, it sometimes happens that adjustments are so far out of line that no distinct peak reading 
can be obtained on the voltmeter. Then you should connect the signal generator, through the usual blocking 
capacitor, to the grid of the tube preceding the last i-f transformer, as shown at 1 in Fig. 35-11. The volt-
meter or other output indicator remains in its usual position. 

Now it will be possible to align the secondary and primary of this last transformer for peak reading on the 
voltmeter. Then the generator connection is moved back to the mixer grid of the converter, as at 2, or to the 
grid of a separate mixer tube, and the first transformer is aligned for peak reading of the voltmeter. After 
completing alignment of the first transformer you should re-check the adjustments of the second transformer 
to get them exactly on the peak. This method of moving the generator connection progressively back from 
the grid of the last i-f amplifier until reaching the mixer {yid often is required when working on television 
i-f amplifiers in which there are three or more i-f tubes and four or more couplers. 

For step number 3 of the alignment instructions we adjust the wave trap. The purpose of the trap is to 
guard against undesired signals coming from the antenna. Therefore, we connect the signal generator to the 
antenna terminal of the receiver, and use the 1,000-mmf capacitor on the high-side lead. With the generator 
tuned to 455 kc the movable core of the wave trap coil is adjusted for minimum reading on the voltmeter, 
which still is connected across the volume control. The voltage output from the signal generator should be 
increased as this trap adjustment proceeds, since the object is to attenuate or reduce the effect of a strong 
signal on the antenna. 

In steps numbers 4, 5, and 6 we align the tuner, the r-f section, or the antenna transformer for standard 
broadcast reception. The high-side of the signal generator lead is connected to the antenna terminal of the 
receiver through a 200-mmf capacitor. This capacitor often is called a dummy antenna, because it is pre-
sumed to make the capacitance load of the generator about the same as the capacitance of the usual an-
tenna, or to provide about the same capacitance as would exist in an ordinary antenna. 

There is no hard and fast rule about the _ capacitance to be used as dummy antenna. For standard a-m 
broadcast alignment, service technicians use almost anything between 75 and 500 mmf. The purpose is not 
to upset the effects of alignment when the signal generator is disconnected and a regular antenna connected 
in its place. Alignment instructions sometimes specify the use of a standard IRE (Institute of Radio En-
gineers)dummy antenna, which is made up as in Fig. 35-12. The fixed capacitors should be mica or ceramic 
types. The resistor should be a carbon type. 

® The dummy antenna for short-wave broadcast bands is a fixed carbon resistor of 400 ohms, connected be-
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Fig. 35-12. The standard IRE dummy antenna for alignment in the broadcast band. 
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Fig. 35-13. Trimmer capacitors for broadcast and short-wave bands are mounted on the coil form 
that carries the antenna transformers. 

tween the high-side lead of the signal generator and the antenna terminal of the receiver just as the fixed 
capacitor or IRE dummy antenna is used for the standard broadcast band. 

In step 4 of the alignment instructions it is specified that the generator and receiver both be tuned to 
1,400 kc.The two settings always must be alike, but they may be almost anywhere between 1,400 and 1,600 
kc.This frequency must be one at which there are no sounds or other evidences of a broadcast signal being 
received and amplified. The generator must furnish the only signal voltage. Now we adjust the broadcast 
oscillator trimmer for maximum reading on the voltmeter. Next, in step 5, we adjust the broadcast antenna 
trimmer for maximum voltmeter reading. 

If the trimmers are far out of adjustment to begin with you may have difficulty in obtaining a peak reading 
on the voltmeter. Then the thing to do is leave the signal generator at its specified frequency and operate 
the receiver tuning dial until you do get a peak reading. If the receiver dial is now at a frequency higher 
than that of the generator the trimmers are set for too much capacitance or inductance. You have had to re-
duce it by turning the dial to a higher frequency point. The thing to do is adjust the trimmers for less cap-
acitance or inductance until it becomes possible to pick up the peak reading of the voltmeter with generator 
and receiver dials at the same frequency settings. If the receiver dial is at a frequency too low, lower than 
the generator frequency,the thingtodo is adjust the trimmers for more capacitance or inductance. Then make 
a final precise setting. 

If the receiver tuning dial is varied throughout its range you are practically certain to get voltage peaks 
of various values at several frequencies. These peaks are due to broadcast signals being picked up by the 
receiver in spite of having the antenna disconnected. To avoid working on a broadcast signal peak rather 
than on one from the signal generator, shift the generator tuning dial a little ways one direction or the other. 
If this changes the meter reading very decidedly you have the true signal generator peak. If changing the 
generator tuning has little or no effect on the meter reading you have a broadcast signal. 

Now we proceed tostep 6 of the alignment instructions. The signal generator remains connected as before. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 35 — Page 17 

_ 
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Fig. 35-14. Inductance adjustment with movable core in oscillator coil, for aligning the low-

frequency end of the tuned band. 

Frequencies of both the generator and receiver are readjusted for 600 kc, at which frequency the padder 
capacitor is adjusted for maximum voltmeter reading. The footnote on the instructions (c) says to rock the 
tuning dial of the receiver while making this peak voltage adjustment. The padder is to be adjusted for peak 
voltage even though the receiver dial is slightly off its 600 kc marking. 

In receivers having no padder, which means the majority of them, the broadcast band alignment is com-
pleted when you adjust the oscillator and antenna transformer trimmers, or when you adjust the oscillator 
trimmer and a trimmer for a tuned r-f stage if the set has such a stage. In the receiver with which we are 
working the coupling between r-f amplifier plate and converter mixer grid is untuned, hence requires no 
alignment adjustment. When there is no padder or any equivalent arrangement for adjusting the tuning at the 
low-frequency end of the broadcast band the only alignment adjustments will be trimmers for the oscillator 
and the antenna or r-f couplings. These adjustments are made at some frequency between 1,300 and 1,500 
kc. The low end of the frequency band is assumed to tune satisfactorily. 

In a number of receivers there are capacitor trimmers for adjustment of antenna or r-f transformers and 
also for the r-f oscillator at the high-frequency end of the standard broadcast band, and there is an adjust-
able core in the oscillator coil for alignment at the low- frequency end of the band. One such system is shown 
byFig.35-14.Trimmer capacitors Ca and Co are adjusted in the usual way at some frequency between 1,400 
and 1,500 kc. Then the adjustable core L in the oscillator coil is adjusted at a frequency of 600 kc, just as 
a padder capacitor would be adjusted. The adjustable core is the equivalent of a padder capacitor in its ef-
fect. It should be noted that either capacitor or inductor padders may be used in sets tuning only in the 
stairdard broadcast band as well as in multi-band types. 

After making alignment adjustments for the oscillator at 1,400 to 1,500 kc and also at 600 kc you always 
should re-check the high-frequency adjustment by returning the signal generator to the high frequency and 
tuning the receiver dial to get a peak reading on the voltmeter. Unless the adjustments were very nearly 
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correct before you touched them, the receiver dial reading no longer will be at 1,400 kc or at whatever fre-
quency you originally used. Adjustment of any padder always changes the resonant frequency controlled by 
the trimmer.The procedure is to readjust the oscillator trimmer at the original high frequency. Then re-check 
the receiver dial setting with the signal generator at 600 kc. It will have changed because every adjustment 
of the trimmer affects the resonant frequency as adjusted by the padder. So you readjust the padder at 600 
kc. This will throw out the high-frequency position of the receiver dial, and you give the trimmer a slight 
readjustment. 

It is a case of working back and forth between the two frequencies until the receiver dial reading checks 
very closely with the generator frequency at both of the test frequencies. Finally, make a check and any 
necessary readjustment of the antenna or r-f trimmer at the high-frequency setting of the signal generator. 

At last we arrive at steps numbers 7 and 8 of the alignment instructions. The high-side of the signal 
generator is connected to the receiver antenna terminal through a 400-ohm carbon resistor, the correct an-
tenna for short-wave broadcast bands. Generator and receiver are both adjusted for 16 mc, or they could be 
set together for any other frequency near the high end of the short-wave range. 

On the short-wave bands the oscillator trimmer usually will be capable of altering the frequency over 
such a wide range that oscillator frequency may be made either higher or lower than the received frequency. 
In both cases there will be a beat which is the intermediate frequency of the receiver. 

We wish to tune the oscillator at a frequency higher than the received signal frequency. The adjustment 
instruction for step 7 tells how to do this. By first turning the trimmer all the way in, for maximum capaci-
tance, you will tune the oscillator to a frequency far below that of the generator signal. As you loosen the 
trimmer to reduce its capacitance the oscillator frequency will increase until there is a peak reading of the 
voltmeter with the oscillator far enough below the generator frequency to produce a beat of 455 kc. This 
causes a peak reading of the voltmeter. Then you continue reducing the trimmer capacitance, and raising 
the oscillator frequency, until there is a second peak reading of the voltmeter. This indicates that the os-
cillator frequency is far enough above the generator frequency to produce the intermediate frequency of 455 
kc. 

The same result might be accomplished by first turning the trimmer all the way out, for least capacitance 
and highest oscillator frequency, then turning it in until the first voltmeter peak reading appears. This me-
thod is not so good, because you have identified only one peak. It could be the wrong one. With the method 
first described you are certain of the results, because you check both peaks. In a few cases it is possible 
to adjust the oscillator either above or below the generator frequency in the broadcast band. The same 
checks may be used to select the higher frequency, the one above the received signal frequency. 

There is a final step not mentioned in the instructions. It is this. Start all over again at step number 1 
and check every adjustment with the signal generator correctly connected and tuned to the specified fre-
quencies. This is the only way of making certain that the job is right in every particular. 

Here is a question. how should you align a superheterodyne when you have nothing but a screw driver and 
your ears to hear with? First you tune the set to the weakest broadcast station you can hear with the vol-
ume control all the way up. Then you go through all the steps of the alignment instructions, so far as ad-
justments are concerned, and make the settings for loudest reception. As the signal becomes louder, tune 
to weaker and weaker stations or disconnect the antenna. Now go through all the adjustments once more. 
The alignment may be a little lopsided as compared with what you can do with regular test equipment, but 
after you gain some experience in this work it will be good enough to satisfy most people. 

Alignment by ear can produce passable results. But alignment with suitable test instruments correctly 
used will increase the sensitivity, sharpen the selectivity, and make a great improvement in tone quality. 
These are the things that give you the kind of reputation that builds profitable business. 
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LESSON NO. 36 

FREQUENCY MODULATION 

Our next big project in the way of service operations will be alignment of a frequency-modulation receiv-
er. From there we shall proceed to combination f-m and a-m receivers, a class which includes a large per-
centage of all presently popular sound receivers. In becoming acquainted with these f-m receivers we shall 
cover also most of the work to be done in the sound sections of television receivers, except for a few min-
or modifications. 

To.understand the methods of aligning f-m sound receivers we first must learn something about frequency 
modulation and how it works. Fig. 36-1 represents an audio-frequency modulating voltage and the carrier 
that is frequency modulated by means of the audio signal. The process of modulation occurs at the trans-
mitter. 

4C9While there is no modulating voltage, as at the left, the carrier is of constant frequency and of constant 
amplitude, just like any unmodulated carrier wave. Tlis unmodulated frequency of the carrier is called its 
center frequency. When modulating voltage is applied, and increases in a positive direction, it causes the 
carrier frequency to increase. There is no change of amplitude. Maximum positive audio modulating voltage 
causes maximum frequency of the carrier. 

As the modulating audio voltage falls back toward its own zero value the carrier goes back toward its 
center frequency. When modulating voltage then increases in the negative direction it causes a decrease of 
carrier frequency, which becomes lower than the center frequency. With maximum negative modulating volt-
age there is minimum carrier frequency. 

What happens during each complete cycle of modulating voltage is shown from a to b in Fig. 36-1. The 
carrier is first at its center frequency, then goes to maximum frequency, back through the center frequency 
to minimum frequency, and returns to the center frequency. 

The greater the amplitude or strength of the audio signal the farther the carrier will be driven away from 
its center frequency. That is, the greater the sound "volume" the higher and lower the carrier frequency 
will be driven, and the greater will be the total variation of carrier frequency. The change of frequency away 
from the center value is called frequency deviation, or simply deviation. Deviation is the change with re-
spect to the center frequency. For example, if the frequency goes alternately to a maximum of 75 kc above 
the center frequency and then to a minimum of 75 kc below the center frequency the deviation is 75 kc. In 
this case the total variation of frequency would be 150 kc, from 75 kc above to 75 kc below the center val-
ue. The total change is equal to twice the deviation. 

The greater the number of cycles per second of modulating audio voltage the more often the carrier will 
deviate above and below the center frequency during each second. 
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Fig. 36-1. Frequency modulation corresponding to an audio modulating voltage. 
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When studying amplitude modulation itwas easy to get a clear mental picture of how the modulating audio 
voltage affected the carrier wave, for the envelope of the carrier looked just like the modulating voltage 
wave. But with frequency mbdulation the carrier amplitude is not changed at the transmitter, there is no 
change of shape in the carrier envelope, and it becomes somewhat more difficult to visualize the relations 
between the audio signal and the carrier frequency. 

Some of the relations are shown by Fig. 36-2. At 1 the carrier is transmitting a loud sound and at 2 it is 
transmitting a relatively weak or soft sound. The difference is that there is a greater deviation of frequency, 
or a greater change of frequency with the loud sound than with the weaker one. There is greater difference 
between maximum and minimum frequencies for loud sounds than for weak ones. 

In diagram 3 the carrier is transmitting a sound of high pitch or high audio frequency, and at 4 is trans-
mitting a sound of relatively low pitch or lower audio frequency. Here the difference is that we have within 
a given period of time, more changes of carrier frequency for sounds of high audio frequency than for sounds 
of lower audio frequency. 

Carrier amplitude remains the same for loud sounds and weak ones,also for high pitched and lc.% pitched 
sounds. The differences are in the extent of frequency deviation, which corresponds to sound volume, and 
in the number of frequency changes or deviations per second, which corresponds to sound pitch or frequency. 

The frequency-modulated carrier leaving a transmitter remains at constant amplitude so long as the radi-
ated power is not changed. If, however, the power were to be increased there would be an increase of car-
rier amplitude, and with less power there would be a decrease of amplitude. If the received carrier is of 
relatively great amplitude it constitutes a strong incoming signal, and if of lesser amplitude there is a 
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Fig. 36-2. Frequency variations resulting from different audio signals. 

weaker received signal. Carriers of any strength (amplitude) may carry the same audio signals, for the vol-
ume and pitch of audio signals depend on changes of carrier frequency, not of carrier amplitude. 

A frequency-modulated signal is amplified in the receiver just as an amplitude-modulated signal is amp-
lified.Both kinds of signals are strengthened by increasing their amplitude. The amplification occurs in the 
r-f amplifier, in the mixer or converter, and in the i-f amplifier section. Amplification does not alter the car-
rier frequency nor the intermediate frequency, nor does it alter the deviations of frequency. 

To illustrate, we might take the frequency-modulated voltage at the left in Fig. 36-3 and amplify it as at 
the right. Frequencies and deviations of frequency are the same before and after amplification. Only the 
amplitude is altered. We must not alter the frequency nor the changes of frequency, for that would alter the 
sounds that are being carried as frequency modulation. We may alter the amplitude to any extent, for amp-
litude represents only signal strength and has nothing to do with the modulation signal being carried. 

For f-m sound broadcast and reception the standard maximum deviation is 75 kc. That is, the loudest 
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sound which is to be transmitted is allowed to produce a deviation of 75 kc above and 75 kc below the cen-
ter frequency. This amount of deviation represents maximum amplitude of the audio voltage that can be han-
dled. Any greater audio voltage would cause still greater deviation, and over-modulation. Then there would 
be distortion of reproduced sound, because all the f-m receiver apparatus is designed to handle maximum 
deviation of only 75 kc either side of center frequency. For television sound, which is transmitted by an 
f-m carrier, the standard maximum deviation is 25 kc either side of center frequency. 

Just because there can be greater maximum deviation for f-m sound broadcast than for television sound 
does not mean that louder sounds can be transmitted. It means only that apparatus used for f-m sound broad-
casting is arranged to handle up to 75 kc deviation,while that for television sound is designed for maximum 
deviation of only 25 kc. The loudest sound transmitted by an f-m broadcast carrier would cause deviation 
of 75 kc. The same sound or the same loudness for television would cause deviation of 25 kc. It is merely 
a matter of how the transmitting and receiving apparatus for the two services is designed, adjusted, and 
operated. 

Ilere is a comparison of frequency modulation with amplitude modulation. _ 
CHARACTER ISTICS 
OF SIGNALS 

. 
FREQUENCY MODULATION AMPLITUDE MODULATION 

Audio 
Signal 

Louder 

Softer 

Greater deviation of frequency. 

Less deviation of frequency. 

Greater variations of ampli-
tude. 

Less variation of amplitude. 

Higher pitch 

Lower pitch 

More changes of frequency 
per second, 

Fewer changes of frequency 
per second. 

More changes of amplitude 
per second. 

Fewer changes of ampli-
tude per second. 

Carrier wave or 
voltage 

Stronger 

Weaker 

Greater amplitude 

Less amplitude. 

Greater average amplitude. 

Less average amplitude. 

The chief reason for employing frequency modulation rather than amplitude modulation for any kind of 
sound transmission is relative freedom from the kind of interference we call static. Static interference is 
caused by electric cars and trains, by ignition systems of automobiles and airplanes, by flashing electric 
signs, by electric switches and other electrical devices which have sparking contacts, by lightning and other 
atmospheric electrical disturbances, and all similar things. Static impulses vary the amplitude modulation 
of any carrier wave in an irregular manner. This irregular amplitude modulation acts in the diode detector 
of an a-m receiver just like normal sound modulation, and is reproduced from the speaker as noise. 

The amplitude of frequency-modulated carrier waves in space is varied by static impulses, but this does 
not alter the variations of frequency that represent the desired sound signals. In the detector system of the 
f-m receiver there are means for greatly reducing or completely eliminating any variations of amplitude in 
voltages resulting from the received carrier. This removal of unwanted amplitude modulation leaves the 
frequency modulation unaffected. The remaining frequency modulation is detected to yield the transmitted 
audio signal. Were the same means for removing amplitude modulation to be employed in an a-m receiver 
the desired sound signal would be removed at the same time as the static, for both are carried as amplitude 
modulation. 
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Fig. 36-3. An f-m signal may be amplified without altering the extent or rate of deviation. 

F-M CHANNELS. With maximum deviation of 75 kc above and below the center frequency for f-m broad-
casting the total change of frequency is 150 kc or 0.150 mc. To accomodate this range, while preventing 
possible interference between transmission, each f-m channel extends over a frequency range of 200 kc 
or 0.200 mc. The entire f-m broadcast band extends from 88 to 108 mc. This f-m broadcast band is just 
above the low band of television broadcast frequencies, as shown by Fig. 36-4. Within the total of 200 mc 
included within the f-m broadcast band there is room for 100 channels, each 0.200 mc or 200 kc wide. 

The lowest-frequency f-m channel extends from 88.0 to 88.2 mc, with its center frequency at 88.1 mc. 
The next higher channel extends from 88.2 to 88.4 mc, with a center frequency of 88.3 mc. Then come other 
center frequencies at 88.5, 88.7, 88.9, and so on as far as the last center frequency at 107.9 mc, which is 
in the channel extending from 107.8 to 108.0 mc. Channels usually are specified according to their center 
frequencies. All the center frequencies are in decimal fractions of odd tenths; 0.1, 0.3, 0.5, 0.7, or 0.9. 

At the very-high frequencies used for f-m broadcast transmissions the carrier waves behave in space like 
those used for television broadcasting. That is, both f-m and television carrier waves follow a straight line, 
much as does the beam from a searchlight. Consequently, the maximum distance of reception from a given 
transmitter is practically the line-of-sight distance at which you could see a powerful searchlight, or is 
normally no more than 15 to 30 miles. It follows that f-m transmitters separated by 75 to 100 miles may op-
erate in the same channel without interfering with each other. 

Best results are secured with an f-m receiver when signals are collected by some form of dipole antenna 
of the same general type used for television receivers. This type of antenna may be elevated out of doors, 

TELEVISION FM 
OTHER RADIO 
SERVICES 

TELEVISION 

54 CHANNELS 88 
2 to 6 

108 174 CHANNELS 7 to 13 216 FREQUENCIES IN MEGACYCLES 

Fig. 36-4. Position of the f-m broadcast band in relation to television broadcast bands. 
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Fig. 36-5. A Tricraft antenna suitable for f-m and television reception. 

or may be indoors,or may be built into the receiver cabinet. Because of the similarities of wave propagation 
and antenna problems for f-m broadcast and television broadcast we shall consider this whole subject at 
one time when we come to study television antennas. 

F-M RECEIVERS. There are but few makes or models of " straight" f-m receivers, which tune only in the 
f-m broadcast band. Nearly all receivers which tune in the f-m band have provision for tuning also in the 
standard a-m broadcast band. 

If we • consider only the f-m portions of these combination sets a design that represents a considerable 
percentage of the models is shown by the simplified block diagram of Fig. 36-6. Coupled to the antenna is 
a converter tube performing the functions of mixer and r-f oscillator. Next there are two i-f amplifier tubes. 
Then, instead of the diode detector used for demodulation of a-m signals, we have what is called a ratio 
detector which demodulates f-m signals. The remainder of the receiver consists of the usual audio ampli-
fier tubes, the speaker, and the power supply. 

Instead of having the antenna feed through a tuned coupling to the mixer section of the converter you are 
just as likely to find the antenna feeding an r-f amplifier, as in Fig. 36-7. The output from the r-f stage goes 
to a separate mixer tube or to a twin triode in which one section is used as the mixer. There is either a sep-
arate r-f oscillator or else the second section of the twin triode is used as the oscillator. 

Following the mixer in this design are two i-f amplifiers.The output of the second i-f amplifier most often 
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Fig. 36-6. Relations of parts in one of the simplest f-m receivers. 

goes to a ratio detector for demodulation, but in some sets the demodulation is effected by a limiter stage 
and a discriminator. The limiter and discriminator perform the same work as the ratio detector, but in a 
somewhat different way. Then we have the audio amplifiers, speaker, and power supply to complete the re-

ceiver. 

Other than being designed for operation at much higher frequencies there is no fundamental difference 
between the tuning sections of f-m sets and a-m sets. The same principles and almost the same constructions 
are found in both kinds of receivers. 

ANTENNA DISCRIMINATOR 
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AMP. MIXER 
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DETECTOR 
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Fig. 36-7. Relations of parts in an f-m receiver having separate mixer and r-f oscillator. 
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Fig. 36-8. Amplificj0n systems for f-m and a-m signals in a combination receiver. 

If a straight f-mreceiver the i-f transformers would be similar to those in a-m receivers, except for changes 
which adapt them to high intermediate frequencies.In a combination fm-am receiver there will be two sets of 
i-f transformers, one for f-m and the other for a-m reception. The transformers for both bands often are en-
closed within a single shield or are in the same " can". 

Fig. 36-8 shows a common arrangement for combination fm-am receivers. The output of the converter or 
mixer is switched to either an f-m transformer or an a-m transformer, depending on which band is to be re-
ceived. The secondaries of both transformers feed into the first i-f amplifier tube. The output of this tube 
goes to two more i-f transformers, one for f-m and the other for a-m reception. The widely different inter-
mediate frequencies affect only the transformer tuned to one or the other, and will pass through the second 
unit without causing any difficulties. We shall examine the entire i-f amplifier system later on. 

The secondary of the second f-m i-f transformer feeds the input of the second i-f amplifier tube, which is 
used only for f-m amplification. The output of this f-m i-f amplifier goes through still another f-m transformer 
to the f-m demodulator, either a ratio detector or a discriminator systsm, and from here the signal goes to the audio amplifiers and speaker. 

Were the f-m system of our receiver to have a discriminator for demodulator there would be one additional 
tube, the limiter, and one more coupling transformer between limiter and discriminator tubes. The purpose 
of the limiter stage is to remove any amplitude modulation which may have added itself to the frequency 
modulated carrier, so that a signal of constant amplitude is fed to the discriminator stage. The ratio de-
tector type of f-m demodulator is capable of ridding itself of amplitude modulation effects, and a limiter is not essential. 

Going back to the second a-m if transformer of Fig. 36-8, we find its secondary connected to the a-m 
detector, which will be a diode type. The output of this a-m detector goes to the same audio amplifiers and 
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speaker that are used for f-m reception, the changeover being made by a second part of the band switch. 
For f-m reception we now have an extra i-f amplifier tube, possibly an added limiter, and necessary extra 
i-f transformers — all for feeding an f-m demodulator. For a-m reception we have one i-f amplifier tube and 
two i-f transformers for feeding a diode detector, just as in a separate a-m receiver. 

RATIO DETECTOR. Our examination of the block diagrams showing typical f-m receiver designs brings 
out the fact that there is only one part that differs fundamentally from anything in an a-m receiver. This 
wholly different part is the demodulator. We shall commence our detailed examination of f-m sets with the 
demodulator, which nearly always is either a ratio detector or a discriminator and limiter, although a few 
other methods are used. Action of these demodulators in f-m receivers is identically the same as in tel-
evision sets, where again we nearly always find either a ratio detector or a discriminator. 

The ratio detector is used more often than the discriminator, chiefly because the ratio detector requires 
no extra limiter tube for removal of amplitude modulation, also because there may be somewhat more ef-
fective reduction of noise interference on very weak received signals. The ratio detector is a comparatively 
recent development. All early f-m and combination fm-am sets used discriminators, and the discriminator 
system still is used in many high-quality f-m and television receivers. Sometimes a ratio detector is marked 
on a service diagram as being a discriminator. The difference will become apparent as we proceed. 

For f-m demodulation by any method there are three requirements.First, when the i-f signal is at its cen-
ter frequency ( unmodulated) there must be zero audio signal output. Second, when the i-f signal deviate* to 
a higher frequency there must be audio output voltage in one polarity, of strength or amplitude proportional 
to the amount of frequency deviation. Third, with deviation to a lower frequency the audio output must go 

TRANSFORMER 
TWIN DIODE 

• H 

VOLUME 

CONTROL 

Fig. 36-9. Connections for a popular type of ratio detector. 
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to opposite polarity, in strength proportional to deviation. To commence the explanation of ratio detectors 
we shall assume an i-f signal centered at 10.7 mc and having equal deviations above and below this fre-
quency. 

The circuit connections for ratio detectors may be modified in a great variety of ways without affecting 
the basic operating principle. One of the circuits in general use is shown by Fig. 36-9. Here we have the two 
diodes required forany f-mdemodulator. The two units are in a single twin-diode tube. The diodes are coup-
led to the last i-f amplifier tube through the detector transformer. 

The primary winding of the detector transformer, in the plate circuit of the i-f amplifier, is marked Li. 
The center-tapped secondary, whose outer ends are connected to the diodes, is marked L2. A third winding, 
L3, is inductively coupled to the primary. The upper end of L3 is connected to the center tap of the second-
ary and the lower end is connected to the output side of the diodes.Both the primary and the secondary are 
tuned to resonance at the intermediate center frequency, 10.7 mc. 

Electron flow paths in the two diodes and other parts of the circuit are stown by Fig. 36-10. These flows 
.occur only during half-cycles of intermediate frequency which make the upper end of the secondary negative 
and the lower end positive with reference to each other, for only then are the diode cathodes negative and 
their plates positive with reference to each other. 

Electron flow for diode A, shown by broken-line arrows, is as follows. Diode plate. Capacitor Ca. Point 
X. Winding L3. Upper half of secondary L2. Back to the diode cathode. 

— — 

Fig. 36-10. Electron flows in the diode circuits of the ratio detector having two capacitors in the 
audio output section. 
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Fig. 36-11. Voltages in ratio detector secondary and diodes when there is no deviation. 

Flow for diode B, shown by full-line arrows, takes this path. Diode plate. Lower half of secondary L2. 
Winding L3. Point X. Capacitor Cb. Back to diode cathode. 

Deviations of frequency in. the primary of the detector transformer will cause greater conduction andelec-
tron flow first in diode A and then in diode B. These electron flows will become alternately greater and less 
at the same rate as the rate of deviation to higher and lower frequencies. Since the changes of frequency 
deviation follow the audio frequency of the transmitted signal we shall have at point X an electron flow al-
ternating at this audio frequency. Point X is the audio-frequency output point of the ratio detector. Now we 
shall learn what happens in the secondary of the transformer to cause variations of the diode currents. 
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CV Two voltages are produced simultaneously in the secondary winding. One is the voltage fed in at the 
center tap from winding L3. Because this voltage is introduced at the center of the secondary winding it 
appears without change of polarity or phase at both top and bottom of the secondary. That is, when voltage 
from L3 is positive it remains positive at both ends of the secondary, and when it is negative it remains 
negative at both ends of the secondary. 

The voltage brought in from winding L3 is 180° out of phase with the primary voltage across L/, just as 
the induced voltage across the secondary winding L2 is 180° out of phase with the primary voltage. The 
voltage induced across the secondary winding L2 acts as a generator in.series with L2 and the capacitor 
connected across it, as shown by the small diagram at the lower left in Fig. 36-10. 

At the resonant i-f frequency nodeviationwill occur. Therefore, the current 12 due to the induced voltage 
is in phase with the induced voltage, because a series resonant circuit acts resistive at resonance. Since 
current 12 is allowed to flow, a reactive voltage E2 developed across the secondary is 90° out of phase 
with the voltage that caused the flow. This phase relationship of current and voltage is true of any induct-
ance. Then the voltage E2 developed across the secondary winding is 90° ahead of the current 12. 

r\D At any one instant the reactive voltage E2will be of opposite polarity at opposite ends of the secondary. 
When the reactive voltage is positive at the top it will be negative at the bottom, and vice versa.The react-
ive secondary voltage E2 w ill be 90° out of phase with the primary voltage. This comes about because both 
primary and secondary are tuned to resonance at the center frequency.In any double-tuned transformer there 
is a 90° phase difference between primary voltage and reactive secondary voltage E2 when the resonant 
frequency is applied to te primary. 

Fig. 36-11 shows the two voltages in the secondary winding when we apply to the primary the center inter-
mediate frequency, at which both primary and secondary are resonant. The reactive voltage is shown by 
broken-line curves. Voltage from L3 is shown by full-line curves. Relations of the two voltages shown on 
the line extending from the top of the secondary are as they appear at this end of the winding. Along the 
line extending from the bottom of the secondary are shown the two voltages as they appear at this end of 
the winding. 

All conditions previously mentioned are fulfilled in Fig. 36-11. Voltage from L3 is of the same polarity 
and phase at both ends of the secondary.The reactive voltage E2 is 90° out of phase with voltage from L3, 
which is 180° out of phase with primary voltage. Reactive voltage at the top and bottom of the secondary 
is of opposite polarity, there is 180° phase difference. 

The two voltages at each end of the secondary combine their strengths or amplitudes as shown on the 
two lines down below inFig.36-11.These curves, showing combined voltages at top and bottom of the sec-
ondary, are arrived at by adding together the original voltages when both are positive or both are negative, 
and by subtracting when one is positive and the other negative.The principal thing to be noted is that amp-
litudes or strengths of combined voltages from top and bottom of the secondary are equal. The voltage from 
the top of the secondary acts on diode A, and voltage from the bottom acts on diode IL Since both voltages 
are of equal strength the two diode currents are equal. Remember, this is the condition existing at the cen-
ter frequency, when there is no deviation. 

The equal diode currents will flow in the paths we traced in Fig. 36-10. Current coming toward point X 
from either direction will be balanced by current flowing away from this point in the same direction. Of 
course, you don't actually have two separate currents in the same conductor at the same time, you have a 
single current or electron flow which is the sum or difference. In the present case the sum and the differ-
ence are zero, so there is no electron flow to or from point X, which is the audio output point. 
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Fig. 36-12. Ratio detector voltages when there is deviation to a frequency lower than the center frequency. 

Now we have satisfied the first of our three original requirements; when the i-f signal is at its center fre-
quency ( unmodulated or with no deviation) there is zero audio signal output. 

Next we shall turn to Fig. 36-12, where are shown the two voltages in the secondary winding as they ex-
ist when there is deviation to a frequency lower than the center frequency. Voltage from L3, shown by full-
line curves, is the same as belore. 

Even though a change of applied frequency were to change the timing of the voltage of L3, induced in 
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that winding by primary current variations, it would make no difference for it is merely our reference volt-
age with which the reactive secondary voltage E2 will combine. There has been a change of phase differ-
ence between primary voltage and reactive secondary voltage. The difference was 90° in Fig. 36-H, now 
it is 120°. This change of phase difference is explained by facts with which we have been acquainted for 

a long time. 

\2/ First, when an emf or voltage is induced in a tuned secondary circuit that circuit behaves like a series 
resonant circuit. At frequencies lower than resonance in a series resonant circuit there is an excess of 
capacitive reactance.Second,when there is an excess of capacitive reactance the current leads the applied 
voltage or emf. This is the same as saying that the voltage lags the current, or we may say that increase 
of capacitive reactance makes the voltage peaks occur later in time or in phase. These two facts explain 
the whole performance when deviation is to a lower frequency and the secondary acts capacitive. 

Here is the explanation: The voltage induced in L2 and L3 is 180° out of phase with the primary voltage, 
as before. Voltage L3 is the reference voltage, as explained. The induced voltage causes a current 12 to 
flow in the circuit. Because the circuit is operating below the resonant frequency the series inductance and 
capacitance behaves like a capacitor, and 12 leads the induced secondary voltage by a certain amount, in 
degrees, depending on the amount of deviation below the resonant frequency. 

A reactive voltage E2 is developed across L2, because of the current 12, which is 90° ahead of 12 due to 
the coil inductance. The voltage at the upper end of L2 is 180° out of phase with the voltage at the lower 
end. The voltage at this end then is 90° behind the current 12. In a capacitive series circuit the voltage 
lags, its peaks occur later in time. In Fig. 36-12 the voltage has taken the lag. Its positive peaks now oc-
cur 120° after the reference peaks of L3, whereas in Fig. 36-11 the reactive voltage peaks occur only 90° 
after the réference peaks. We are using this particular change of phase only to illustrate the action. Were the 
deviation something less than has been assumed there would be less lag, and were the deviation still greater 
there would be more lag of reactive voltage. 
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Fig. 36-13. Path of increased current when deviation is to a lower frequency. 
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Down below in Fig. 36-12 are shown the results of the change in phase that occurs when there is devi-
ation to a lower frequency. Again the curves from combined voltages have been computed by adding and sub-
tracting the separate voltages up above. There is a considerable decrease of voltage applied to diode A, and a 
large increase of voltage applied to diode B. Now diode A carries less current, while diode B carries more 
current than before. Were there greater deviation there would be still greater change in diode currents. With 
less deviation there would be less change in diode currents. 

Next we may go back to Fig.36-10 and note how the changed diode currents act in the connected circuits. 
To more easily see what happens we may look at only the portion of the circuit associated with diode B 
and capacitor Cb, as this portion is reproduced in Fig. 36-13. 

There is more current in diode B, which means that more current is flowing into and out of capacitor Cb. 
The result is an increase of charge on Cb and an increase of potential difference across this capacitor. Ac-
cording to the direction of electron flow we can see that the top of tb is becoming more negative and the 
bottom more positive. The top of this capacitor is connected through point X, resistor Rf, and capacitor Cc 
to the top of the volume control resistor.The bottom of Cb is connected through ground to the bottom of the 
volume control. Consequently, potential difference across the volume control resistor must be undergoing 
the same change as potential difference across capacitor Cb. 

The top of the volume control, and also its slider that connects to the following audio amplifier, are be-
coming more negative with reference to ground. This is the result of deviation to a lower frequency. Thus 
we have satisfied the second of our three original requirements; when the i-f signal deviates to a lower 
frequency there is audio output voltage in negative polarity, of amplitude proportional to the amount of 
deviation. 

Now in Fig. 36-14, we may see what happens when there is deviation to a higher frequency. Along the 
upper two lines, connected to top and bottom of the transformer secondary, are L3 and reactive voltages as 
they appear at the respective ends of the secondary. The phase difference has decreased to only 60°, it is 
less than with no deviation. Again the voltage induced in the secondary is 180° out of phase with primary 
voltage. Above resonance the series inductance-capacitance circuit acts inductive. Then the resulting 12 
lags the induced voltage by a certain amount, in degrees, depending on the deviation. 12 develops a voltage 
E2 across the secondary winding 90° ahead of 12, and since the voltage at the bottom of the secondary is 
1800 out of phase with the top, then the voltage at this end is 90° behind the current 12. 

•..)The same two facts that explained the change of phase due to lower deviation also explain this new and 
opposite shift of phase due to higher deviation. At any frequency higher than resonance the reactance of a 
series resonant circuit becomes more inductive than capacitive. When there is an excess of inductive react-
ance the current lags the voltage or the voltage leads the current. This means that voltage peaks occur ear-
lier in time or phase. The earlier voltage has reduced the phase difference to 60°. 

The combined voltages are shown in the lower part of Fig. 36-14. Deviation to a higher frequency has 
brought about an increase of voltage on diode A and a decrease on diode B, just the opposite of what hap-
pened with deviation to a lower frequency. There is a resulting increase of current in diode A and a de-
crease of current in diode B. 

During the interval of time between the former deviation to a lower frequency and the present deviation 
to a higher frequency the charges on capacitors Ca and Cb have been equalizing themselves by electron 
flow occuring between these capacitors and resistor Rs and capacitor Cs which are shown in Figs. 36-9 
and 36-10. The charges and potential differences on Ca and Cb will have dropped back to low values or to 
zero due to electron flow through the paralleled resistor Rs. 
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Fig. 36-14. Ratio detector voltages when there is deviation to a frequency higher than the center 
frequency. 

With the new relatively large charging current through capacitor Ca and the small current through capac-
itor Cb the charge and potential difference of Cb will be much smaller than before. This same smaller po-
tential difference will exist across the volume control resistor, which is connected to top and bottom of 
capacitor Cb as previously explained. The top of Cb still is negative and the bottom still is positive, but 
the difference of potential with the present deviation to higher frequency is not so great as with the earlier 
deviation to lower frequency. 

Across capacitor Cb we have a direct voltage which is becoming alternately more negative and less neg-
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ative withdeviations to lower and higher frequencies. This changing direct voltage is applied to the volume 
control resistor through capacitor Co. But capacitor Co, like any other capacitor, does not conduct for direct 
voltage— itpasses only the alternating component of the direct voltage. Then in the volume control we have 
alternating current and voltage which becomes negative when there is deviation to lower frequencies and 

becomes positive when there is deviation to higher frequencies. 

We have satisfied the third and last of our original requirements;with deviation to a higher frequency the 
audio output voltage swings positive, in strength proportional to the amount of deviation.The ratio detector 
has changed deviations of frequency into an alternating audio voltage that follows the modulation put on the 

carrier at the transmitter. 

Before proceeding to learn how the ratio detector gets rid of amplitude modulation in the carrier and i-f 
signal voltages it will be well to look at another typical circuit as shown by Fig. 36-15. If you compare 
this detector with the one of Fig. 36-9 it is apparent that the transformer and its connections to the i-f amp-
lifier and to the twin diode have not been altered. There are, however, changes on the output side or load 
side of the twin diode. Instead of the two capacitors Ca and Cb of the earlier circuit there are now two re-
sistors, Ra and Rb. We have retained capacitor Cs but have omitted the single paralleled resistor Rs which 

appears in Fig. 36-9. 

The effect of frequency deviations on diode voltages and currents is exactly the same as previously de-
scribed. Electron flow paths for the two diode circuits are as shown by Fig. 36-16, where broken line arrows 
indicate flow for diode 4, and full-line arrows for diode R. 

The path for diode 4 is as follows: Diode plate. Resistor Ra. Ground, to lower end of capacitor Cf. Through 
Cf to point X. Resistor Rc. Winding L3. Upper half of secondary L2. Back to the diode cathode. 
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Fig. 36-15. Ratio detector having two resistors instead of two capacitors in the audio output circuit. 
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e 

Fig. 36-16. Electron flows in the ratio detector having two resistors in the audio output circuit. 

For diode B the flow is as follows: Diode plate. Lower half of secondary. L2. windingL3. Resistor Rc. 
Point X. Resistor RI. Capacitor Cf to ground. Through ground to Rb. Back to diode cathode. 

When there is deviation to a lower frequency the current in diode B increases. Then, as shown by full-
line arrows in Fig. 36-16, there is increase of electron flow through capacitor Cf to ground and the top of 
Cf accordingly becomes more negative, the top of Cf is connected through capacitor Co to the top of the 
volume control, so the top of the volume control resistor and its slider become more negative with refer-
ence to ground. Thus we have an audio signal voltage going negative when deviation is to a lower fre-
quency. 

Deviation to a higher frequency causes an increase of current in diode A. Along the path of the broken-line 
arrows in Fig. 36-16 there is increased electron flow. This increased flow passes from ground upward through 
capacitor Cf, making the top of this capacitor more positive. This increasingly positive voltage appears at 
the top of the volume control resistor, making the top of this resistor and its slider more positive with refer-
ence to ground. Here we have the audio signal going positive when there is deviation to a higher frequency. 
The audio signalgoes alternately positive and negative as the deviation swings above and below the center 
frequency. 

There are numerous other variations of the ratio detector circuit. Differences between them are principally 
in the means by which the alternating audio voltage is taken from the output side or load side of the diodes. 
Fortunately, these differences make little or no alteration in the methods of aligning a ratio detector. The 
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Fig. 36-17. Charging circuit for the large capacitor of the ratio detector. 

point which we have identified as X is the one at which we make most of our alignment measurements for 
detector adjustments, and this point is quite easily located through its connection to the volume control no 
matter how the remainder of the detector circuit may be arranged. 

REMOVAL OF AMPLITUDE MODULATION. On the output side or load side of ratio detector circuits 
are one or more resistors totaling 12,000 to40,000 ohms, connected from the plate of one diode to the cath-
ode of the other diode. In parallel with the resistor or resistors is an electrolytic capacitor or sometimes 
two such capacitors having total capacitance of one to twenty or more microfarads. The single reistor is 
marked Rs in Figs. 36-9 and 36-10. Its place is taken by the two resistors Ra and Rb in Figs. 36-15 and 
36-16. The paralleled capacitor is marked Cs in all the diagrams. 

As shown by Fig. 36-17, resistor Rs is electrically in series with the two diodes and the secondary of 
the transformer. The source of voltage for this series circuit is the emf induced in the secondary. The volt-
age is rectified by the two diodes, with the result that there is one-way electron flow in the path shown by 
arrows. This flow is from the negative upper end of resistor Rs to the positive lower end. 

The average rate of electron flow and the average potential difference across resistor Rs will depend on 
the amplitude of the i-f voltage, or on strength and amplitude of the received signal. A stronger received 
signal will increase the potential difference across Rs, and weaker signal will decrease this potential dif-
ference. 

Because capacitor Cs is in parallel with resistor Rs, or resistors Ra and Rb, the capacitor voltage must 
be the same as the average voltage across the resistance. Since the capacitance is very large the time con-
stant of capacitance and resistance is proportionately long. The time constant is longer than the period of 
the lowest audio frequency and far longer than the period of the intermediate frequency. Consequently, the 
charge of the capacitor and tee voltag3 across capacitance and resistance cannot vary to any extent either 
at intermediate frequency or at audio frequency. This voltage can vary only when there is a change of aver-
age signal strength, or when there is change of carrier amplitude and i-f amplitude continuing long enough 
to alter the charge of capacitor Cs. 

Static interference causes voltage pulses at audio frequencies. The resulting momentary changes of cur-
rent in the detector output are absorbed by the large capacitance at Cs with no appreciable change of ca-

CS 
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pacitor charge or voltage. Any other amplitude modulation at audio frequencies is similarly absorbed. This 
is why the audio output of the ratio detector does not vary with nor respond to amplitude modulation. 

Frequency deviation drops the voltage on one of the small capacitors (Ca or Cb) in Fig. 36-10 while rais-
ing it on the other small capacitor. Deviation similarly drops the voltage across one of the resistors (Ra or 
Rb)in Fig.36-16while raising it on the other resistor. But the two small capacitors or the two resistors are 
in parallel with the large capacitor Cs, whose voltage remains constant unless there is change of signal 
strength.Therefore, the sum of the voltages across the two small capacitors or across the two resistors can-
not change at audio frequency. 

The separate voltages across the two small capacitors or across the two resistors may vary at audio fre-
quency to any extent so long as their sum never is more or less than the constant voltage across capacitor 
Cs. It is variation between the voltages or the difference between voltages across the small capacitors or 
the two resistors that is responsible for the output voltage that varies at audio frequency. 

If there is increase of strength in the received signal the sum of the voltages across the audio output ca-
pacitors or resistors will increase, along with increase of voltage across capacitor Cs. This permits great-
er voltages across each of the audio output capacitors or resistors,and there is a stronger alternating audio 
voltage at the volume control and at point X in the diagrams. A weaker received signal allows capacitor Cs 
to lose some of its charge. This reduces the sum of the audio output voltages and decreases the maximum 
voltage on each of the small capacitors or the resistors. Then there is weaker alternating audio voltage at 
point X and at the volume control. 

So long as the received signal is of constant strength the only change at an audio frequency rate in the 
output or load circuit of the detector is in the ratio of one voltage to the other voltage on the two small ca-
pacitors or the two resistors. The sum voltage cannot vary at audio frequency, but the ratio of separate 
voltages can vary. This is the reason for calling this type of demodulator a ratio detector. 

We have spent a great deal of time examining the action of a ratio detector, for the following very good 
reasons. 

The ratio detector is used for sound reproduction in most f-m receivers and in most of the recently de-
signed television receivers. 

The basic principles of the ratio detector are used also in the discriminator circuit, which is employed for 
sound reproduction on practically all other f-m and television receivers. 

The same basic principle of combining out-of-phase voltages is used in both discriminators and phase 
detectors which are employed for automatic control of sweep frequency in television receivers. 
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The discriminator type of demodulator for f-m reception is subject to numerous modifications, as is the 
ratio detector type. But again none of the modifications in general use make any change in fundamental op-
erating principles, and the procedure for alignment is practically the same for all arrangements or circuits. 

©Fig. 37-1 shows a discriminator circuit widely used in f-m receivers and in the sound sections of many tel-
evision sets. 

The most noticeable difference between the discriminator and the ratio detector is the connection of the 
transformer secondary to both diode plates in the discriminator, rather than to the plate of one diode and 
the cathode of the other as in the ratio detector. 

1' Another difference plainly apparent upon examination of service diagrams is in the value of the capacitor 
(ID connected across the output side or load side of the demodulator. This capacitor is marked Cd in Fig. 37-1. 

It was marked Cs in our ratio detector circuits.For the discriminator this capacitance is only 50 to500 micro-
microfarads, while in the ratio detector the value is one microfarad or more. Each of the load resistors Ra 
and Rb for the discriminator is of 100K to 500K resistance, whereas in the ratio detector using two of these 
resistors the value is only 6K to 20K each. 

In the discriminator transformer the primary and secondary are both tuned to the intermediate frequency, 
just as in the ratio detector transformer. Again the secondary is center-tapped with a connection from this 
tap to the primary circuit. In Fig. 37-1 the primary voltage is brought to the secondary center tap through 
capacitor Cc. In some discriminator circuits the primary voltage is introduced from a third winding, as in 
the ratio detector transformers which we examined. There are ratio detector transformers in which coupling 
from primary to secondary center tap is through capacitance. With any type of coupling, the primary i-f 
voltage is brought to the secondary center tap. 

In addition to the primary voltage introduced at the center tap of the discriminator transformer there is 
another secondary voltage induced by means of inductive coupling between the two windings. These two 
secondary voltages act in the discriminator transformer just as they act in the ratio detector transformer. 
When there is no deviation, and the applied frequency is the center frequency, the combined voltages ap-
plied to the two diodes are equal and the diode currents are equal. When there is deviation to a higher fre-
quency there is increase of voltage and electron flow in diode A, and decrease in diode R. With deviation 
to lower frequency there is increase of voltage and current in diode B, and decrease in diode A. We learned 
all about this action when studying ratio detectors. 

Electron flows in the two diodes and their connections are shown by Fig. 37-2.The upper diagram shows 
the flow in diode A, from the diode plate through the upper half of the transformer secondary, from the cen-
ter tap through the common lead to the bottom of resistor Ra, upward through this resistor, and back to the 
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Fig. 37-1. Typical discriminator circuit for demodulation of f-m signals. 
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cathode of diode A. With this direction of electron flow the top of resistor Ra is positive with reference to 
the bottom. This flow occurs during half-cycles of i-f voltage that make the top of the secondary positive 
with reference to the bottom and the center tap, for only during these half-cycles is the plate of diode A 
positive with reference to its cathode. There is no flow in diode B because during these half-cycles its 
plate is made negative with reference to its cathode. 

The lower diagram of Fig. 37-2 shows electron flow in diode B and its connections. This flow occurs 
only during i-f voltage half-cycles that make the bottom of the transformer positive with reference to its 
top and the center tap, since only then will the plate of diode B become positive with reference to its ca-
thode. From the diode plate the electron flow is upward through the bottom half of the secondary, thence 
from the center tap through the common lead to the top of resistor Rb, downward through this resistor, and 
through ground back to the cathode of diode B. The top of resistor Rb is negative with reference to its 
bottom. Note that polarities of the two load resistors are opposite or are opposed to each other. 

Now we shall assume that there is no deviation, that frequency applied to the transformer primary is the 
center frequency. With no deviation there will be equal currents in the two diodes and in the two load re-
sistors, as represented by diagram 1 of Fig. 37-3. We shall assume further that the equal electron flows are 
accompanied by 5-volt potential differences across each of the load resistors. The equal voltages cancel 
each other, because of their opposite polarities, and the net voltage from the top of Ra to the bottom of Rb 
is zero. This is the voltage between the audio output point, X, and ground. Therefore, with no deviation, 
the audio output voltage is zero. 

Diagram 2 of Fig. 37-3 shows what happens when deviation is to a higher frequency. Now there is more 
cuitent in diode A and less in diode B, and more current in resistor Ra while there is less current in re-
sistor Rb. We shall assume that these changes of resistor currents are accompanied by a potential difference 
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Fig. 37-2. Electron flows in the discriminator circuit during deviations to higher and lower frequencies. 

increasing td7 volts in Ra and by one decreasing to 3 volts in Rb. Now the greater voltage across Ra over-
comes the smaller voltage across Rb, and leaves the difference of 4 volts as the net potential difference 
from top to bottom and between audio output X and ground. Thus the deviation to higher frequency has caused 

the audio output voltage to go positive. 

Still greater deviation would cause still greater difference between currents in the diodes and the load 
resistors, and there would be still greater net positive voltage at the audio output point X. Any lesser de-
viation would cause less difference between currents in the diodes and the load resistors, and there would 
be a smaller net positive audio output voltage. 

Diagram 3 of Fig. 37-3 shows what happens when deviation is to a frequency lower than the center fre-
quency. Now there is more current in diode R and resistor Rb while there is less current in diode A and re-
sistorRa. If this deviation is equal in frequency change to the former high-frequency deviation the voltages 
across the two load resistors will be reversed. Again the difference is 4 volts, but now this net voltage is 
negative because the greater voltage is across resistor Rb whose upper end, toward the audio output point, 
is negative with reference to ground. With this lower deviation the audio output voltage swings to 4 volts 

negative. 
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Fig. 37-3. Changes of voltage across load resistors and at audio output with the discriminator. 

V:ith frequency deviation swinging alternately higher and lower at the audio frequency of the signal modu-
lation the audio-frequency output of the discriminator will alternately become positive and negative, with 
its amplitude proportional to the extent of frequency deviation. Thus the discriminator has accomplished its 
purpose of demodulating the f-m signal and recovering the audio signal. 

Some of the variations found in discriminator circuits are illustrated byFig.37-4. The transformer is like 
that used for many ratio detectors, with inductively coupled primary and secondary and with primaryvoltage 
taken off through a third winding connected to the secondary center tap. On the output side of the diodes 

VOLUME 
CONTROL 

Bi-

Fig. 37-4. Some of the modifications found in discriminator circuits. 
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are the two load resistors, but instead of having a single capacitor across both resistors there are separate 
capacitors across each resistor. The common line from the third winding of the transformer runs to a com-
mon junction point between the capacitors and the resistors.Demodulatingaction is the same as previously 
explained. 

Fig. 37-5 shows a discriminator circuit in which the tube has two diode plates but only a single cathode. 
Full-line arrows show the path of electron flow when deviation is to a higher frequency. Broken-line arrows 
show the flow when deviation is to a lower frequency.In.order to utilize only a single cathode it is neces-
sary to have two separated secondary windings in the transformer, with both secondaries inductively coupled 
to the primary. Voltage from the primary is taken through capacitor Cc to the common cathode and thus is 
introduced into both secondary circuits, since the one cathode is in both these circuits. During frequency 
deviations there are unbalanced currents and unequal voltages across load resistors Ra and Rb. Polarities 
across these resistors oppose, and yield audio output voltage alternating positive and negative as deviation 
goes higher and lower than the center frequency. 

In some of the older discriminator circuits there were two separately tuned secondary windings, with one 
made resonant at a frequency slightly higher than the center frequency and the other resonated at a fre-
quency slightly lower than the center frequency. A higher deviation frequency would more nearly approach 
the resonant frequency of one secondary while getting farther from the resonant frequency of the other sec-
ondary. This would alter the relative values of inductive and capacitive reactances in the two secondaries, 
would cause shifting of phase of the induced secondary voltages and would increase the current in one di-
ode while decreasing it in the other diode. Deviation to a lower frequency would, of course, have opposite 
effect on phase shift and on diode currents. 

F-m demodulators may be constructed with crystal diodes instead of thermionic or hot-cathode tube di-
odes. Fig. 37-6 is the circuit diagram for a typical discriminator in which the diodes are of the germanium 
crystal type. Crystals for this service usually are a pair carefully matched for conductivity or resistance in 
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both directions. A pair of matched germanium crystals is available under the type number 1N35. The use of 
crystals instead of tube diodes calls for no alterations in any other parts of the demodulator circuit. 

PRE-EMPHASIS AND DE-EMPHASIS. In the signals radiated by f-m broadcasters the audio frequencies 
of modulation extend all the way from 50 to 15,000 cycles per second. This is a range of sound frequencies 
extending much higher than anything transmitted in the standard a-m broadcast channels, where maximum 
audio modulating frequency is limited to 5,000 cycles per second. The wide audio range of f-m reception 
permits improved tone quality or fidelity, provided the audio system of the receiver is capable of good re-

production. 

When using an audio amplifier capable of reproducing high frequencies there is a tendency toward noise 
that results from slight irregularities of electron flow in tubes,resistors,and other circuit elements. These 
irregularities of electron flow are accompanied by minute voltages at the higher audio frequencies. These 
voltages, when amplified, cause hissing and ` frying" noises from the speaker. 

In addition, any amplitude modulation added to the carrier by static interference causes more noticeable 
sound from a wide range audio amplifier because voltages due to such interference extend through frequen-
cies in the higher audio range. Although any of these amplitude modulation effects are greatly reduced by 
the ratio detector or the limiter-discriminator combination, it still is desirable to use additional means for 
reducing any noise voltages which may get through to the audio output of the demodulator circuits. This 

audio output point has been marked X in our circuit diagrams. 

t1.1)High-frequency noise is reduced without losing the desired higher frequencies of the audio modulation 
by a most ingenious method. The higher frequencies of the audio signal are intentionally over-amplified at 
the transmitter, then reduced to their normal values in the receiver. The process is called pre-emphasis at 

the transmitter and de-emphasis at the receiver. 

(3 Pre-emphasis at the transmitter consists of amplifying all audio frequencies above about 400 cycles per 
second at a gradually increasing rate,untilvoltages at the maximum of 15,000 cycles are made six or seven 
times as strong as those around 400 cycles per second. As a result, we have in the demodulated audio out-
put of the ratio detector or discriminator an audio voltage whose amplitude increáses with rise of audio fre-
quency. The higher frequencies of the desired sound signal are over-emphasized. 
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Fig. 37-6. Discriminator circuit employing crystal diodes. 
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Fig. 37-7. Element connections of tubes having three diodes and a triode within one envelope. 

In the output from the demodulator (point X in the diagrams) the high-frequency noise voltages will have 
whatever amplitude may have resulted from interference affecting the carrier and from irregularities of el-
ectron flow, so far as these effects have gotten through the demodulator. But amplitudes at the higher fre-
quencies of the desired audio signal have been intentionally over-emphasized. The signal containing both 
noise and desired sound goes to the de-emphasis filter that always follows the demodulator in f-mreceivers. 
In all our circuit diagrams the de-emphasis filter consists of the series resistor marked Rf and of a capaci-
tor to ground, marked Cf. 

This filter is designed to have its maximum attenuation at the highest audio frequencies, and gradually 
decreasing attenuation as audio frequencies become lower. Thus the de-emphasis filter compensates for 
over-emphasis at the transmitter. In bringing the higher audio-frequency voltages down to their normal am-
plitudes the noise voltages are reduced in the same proportions. We have then, at the output of the filter, 
all the desired sound voltages at their normal level, but have greatly attenuated noise voltages. This cor-
rected audio signal voltage goes to the volume control and the audio amplifier section of the receiver. 

For suitable de-emphasis the filter system should have a time constant of 75 to 100 microseconds, or 
0.000075 to 0.000100 second. That is, the product of filter resistance in megohms and filter capacitance in 
microfarads should be something between 0.000075 and 0.000100. As an example, the filter resistance (1.10 
might be 15,000 ohms or 0.015 megohm, and the filter capacitance 0.005 microfarad. The product of the two 
numbers is 0.000075, and the time constant is 75 microseconds. 

COMBINATION DEMODULATOR-AMPLIFIER TUBES. There are a number of tubes which contain in a 
single envelope the diodes for both f-m and a-m demodulation and also a triode for audio amplification. 
These types are quite commonly used in combination fm-am receivers. Among the tubes of this class in 
general use are types 6S8-GT, 12S8-GT, 6T8, and 19T8. All these are called triple-diode high-mu triodes. 
All have the same elements and the same grouping of elements, but they have different base pin connections, 
and different heater ratings. 
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Fig. 37-7 shows the internal elements and their connections when looking at the bottoms of the bases, or 
sockets, for the tubes mentioned. The 6S8-GT and 12S8-GT are alike except for having respective heater 
ratings of 6.3 volts at 0.3 ampère and of 12.6 volts at 0.15 ampere. Both have octal bases with GT-style 
glass bulbs and a top cap connection for the grid of the triode audio amplifier. The triode plate goes to pin 
6. 

On the same cathode that serves the triode are two diode plates, connected to pins 1 and 4. The diode 
plate on pin 4 and the cathode on pin 2 serve as the diode detector for a-m demodulation. On the same ca-
thode, pin 2, is the first of the diode plates for f-m demodulation, the plate to pin 1. The second diode for 
f-m demodulation is entirely separate,consisting of the plate connected to pin 3 and the cathode connected 
to pin 5. 

The 6T8 and 19T8 triple-diode high-mu triodes, whose symbols are at the right in Fig. 37-7, are alike ex-
cept for respective heater ratings of 6.3 volts at 0.45 ampere and of 18.9 volts at 0.15 ampere. Both are 
miniature glass tubes with 9-pin bases that fit into the small button noval 9-pin socket. The internal ele-
ments and their grouping are like those for the 6S8 and 12S8 types, but element connections to the num-
bered base pins are entirely different. The connections are shown by the symbol. 
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In Fig. 37-8 are circuit connections for a ratio detector and first audio amplifier employing either the 
6T8 or 19T8 triple-diode high-mu triode tube. If you trace the connections from the transformer secondary 
to diode plate 1 and cathode 3, and trace the connections to the load resistors (Ra and Rb) from cathodes 
on pins 2 and 7, you will find them essentially like connections in earlier diagrams for a ratio detector. 
The audio output from pointX goes through the de-emphasis filter, resistor Rf and capacitor Cf, to the band 
switch leading to the volume control. 

The diode plate on pin 6 connects to the high-side of the secondary in the last i-f transformer used for 
a-m reception. The low side of this winding goes to the band switch and to the volume control when the 
switch is in the position for a-m reception. The cathode (pin 7) for the a-m detector diode is grounded, so 
we have here the same diode detector circuit with which we became familiar in an earlier lesson. In order 
to permit grounding of the diode cathode the audio circuit of the ratio detector is completed through capac-
itors Cc and Cd to the point between the two load resistors. Note that the audio amplifier triode in the com-
bination tube is biased by grid leak resistor Rg and capacitor Cg. 

In Fig. 37-9 we have a discriminator for f-m demodulator and the first audio amplifier employing a 6S8-GT 
or 12S8-GT tube. There is nothing new about the connections for the discriminator. One end of the trans-
former secondary connects to diode plate 3, for which the cathode is connected to pin 5. The other end of 
the secondary connects to diode platel,whose cathode is connected to pin 2.The cathode on pin 5 is con-
nected to the outer end of load resistor Ra, and from point X through the de-emphasis filter (Rf and Cf) to 
the f-m position of the band switch. This side of the circuit is completed through the volume control to the 
cap for the grid of the triode audio amplifier. Capacitor Cg and the resistor Rg provide grid lead bias for 
the triode amplifier. 

LIMITER 

A-M 
TRANS 

Fig. 37-9. Discriminator circuit with a combination tube for f-m and a-m demodulation and for 
audio amplification. 
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Fig. 37-10. A double-diode triode tube used in f-m receivers ( left) and the type usually found 
in a-m receivers (right). 

The diode detector for a-m demodulation consists of the diode plate on pin 4 and the cathode to pin 2, 
which is grounded. The diode plate goes to the secondary winding of the last i-f transformer for a-m re-
ception, and the other end of this secondary is connected through the band switch to the top of the volume 
control. Grounding of cathode 2 not only completes the a-m detector circuit but also completes the dis-
criminator load circuit through ground to the bottom of resistor Rb. 

Were we to use a 6T8 or 19T8 tube in this discriminator circuit the only change in the diagram would be 
alteration of the pin numbering on the tube symbol. Similarly, using a 6S8-GT or 12S8-GT tube in the ratio 
detector circuit of Fig. 37-8 would require, so far as the circuit diagram is concerned, only a change of the 
pin numbering on the tube symbol. 

Another type of tube that may be used as a combination f-m demodulator and first audio amplifier is the 
7X7 and 14X7 whose symbol is shown at the left in Fig. 37-10. This is a lock-in tube with an 8-pin base 
and glass bulb. For one side of the demodulator circuit, either ratio detector or discriminator, the diode 
element consists of the plate on pin 6 and the cathode on pin 7. For the other side of the demodulator cir-
cuit there is diode plate 5 operating with the cathode on pin 4. This latter cathode is used also for the 
triode audio amplifier, whose grid is on pin 3 and whose plate is on pin 2. 

Any tube having two diode plates operating with separate cathodes could be used in circuits for ratio 
detectors or discriminators where independent cathodes are required. For such circuits it is not possible 
to use the ordinary duodiode-triode tube like the 6SQ7 and12S07 type shown at the right in Fig.37-10. This 
is the tube, or the type of tube, most often employed as a diode detector for a-m demodulation in combina-
tion with the first triode audio amplifier. Here the two diode plates are on the same cathode. Both diode 
plates may be tied together to operate as a detector, or one of them may be used for detector service and 
the other for rectification of automatic volume control voltage. 

A twin-diode high-mu triode having both diode plates working from the same cathode may be used in the 
discriminator circuit illustrated in Fig. 37-5. Tubes designed especially for this kind of service are shown 
by means of their symbols and base pin connections in Fig. 37-11. One is the type 6AQ7-GT with a stan-
dard octal base and glass bulb of the GT style. The other is the type 7K7, which is a lock-in tube with the 
lock-in style of 8-pin base and a glass bulb. 
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7 K 7 

Fig. 37-11. Twin-diode triode tubes used in discriminator circuits having both diodes operated 
from a single cathode. 

I3oth these tubes have a twin diode section operating with one of the cathodes as the f-m demodulator, 
and have a triode section with separate cathode for use as the first audio amplifier. There is no special 
provision for an a-m diode detector. The tubes of this style are employed chiefly in television sound sec-
tions where there is no a-m sound signal, but only the regular television sound which is handled by fre-
quency modulation. These particurar tubes are suitable also for straight f-m sound receivers in which there 
is no a-m band requiring a separate diode detector. 
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Fig. 37-12. how the limiter acts on a signal having amplitude modulation. 
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(i) LIMITERS. During our discussion of f-m demodulators it has been mentioned that a limiter stage is used 
ahead of a discriminator in order that the i-f voltage fed to the discriminator transformer may be free from 
amplitude modulation. We require this condition because the audio output of a discriminator will vary in ac-
cordance with any amplitude modulation that may be present while the applied signal deviates from the 
center frequency, or when the transformer windings are not tuned precisely to the center frequency. Then 
currents and voltages in the discriminator load resistors will be unbalanced by the changes of amplitude 
occuring at audio frequency, as well as by deviations of frequency, and the amplitude modulation will be 
demodulated to cause noise.There is nothing on the output side of the discriminator to absorb the changes 

due to amplitude modulation. 

It is only while the i-f voltage is at the center frequency for which the transformer windings are resonant 
that the diode currents will be equal. Then, no matter how great may be the variations of amplitude in the 
applied voltage, there will be zero audio output. 

The limiter stage might be omitted from a receiver using a discriminator. The f-m signals still would be 
demodulated and changed to audible sounds, but there might be an excessive amount of noise accompany-
ing the desired sound. Although a limiter is not essential with a ratio detector, a limiter stage sometimes 
is used ahead of this type of demodulator to further improve the reproduction. 

The purpose of a limiter stage is illustrated by Fig. 37-12. At the left is represented an input voltage 
which is frequency modulated and which also varies in amplitude. The limiter stage is intended to remove 
the peaks of amplitude, reduce the entire signal to a uniform amplitude, and leave only the frequency mod-
ulation. Such an output from the limiter is represented at the right. Although the action is not always so 
perfect as pictured here, the amplitude modulation should be reduced to no more than three to ten per cent 

of its original amount. 

ACTION OF THE LIMITER. Typical connections for limiter stages are illustrated in Fig. 37-13. The 
principal difference between limiter connections and those in i-f amplifying stages is that the limiter tube 
is biased by the grid-leak method, with capacitor Cg and resistor Rg. One position for these biasing ele-

DEMODULATOR 

LIMITER 
TUBE 

I-F 
TRANSFORMER 

Fig. 37-13. Typical connections for limiter circuits. 



COMMERCIAL TRADES INSTITUTE 

Lesson No.37 — Page 13 

ments is shown in the left-hand diagram, another at the right. The action of biasing is the same with either 
arrangement. Another important difference is that the limiter tube is operated with plate and screen volt-
ages much lower than those used for amplifiers. The limiter tube is a sharp-cutoff pentode. 

So long as signal voltage coming to the limiter stage is of constant amplitude there is a negative grid 
bias of constant value. The bias voltage then depends on the average charge retained by grid capacitor Cg 
as this capacitor is repeatedly charged by each positive alternation of the incoming signal while continu-
ally discharging through grid leak resistor Rg. The bias will be sufficiently negative to hold plate current 
almost as low as the point of cutoff, were grid voltage only a little more negative it would cut off part of 
the plate current. This condition is represented at the left in Fig. 37-14. 
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Fig. 37-14. How the limiter holds its plate current alternations at a constant amplitude. 
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Fig. 37-15. Action of the limiter stage on strong and weak signal voltage». 
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At the most positive point of each positive alternation of input voltage there is a very small flow of grid 
current, just enough to restore the charge of capacitor Cg which has been lost through resistor Rg during 
the preceding cycle of voltage. During the brief periods during which the capacitor is recharged there is an 
increase of negative bias. These momentary increases of negative voltage on the grid prevent normal in-
crease of plate current, and the positive peaks of current are flattened as shown on the graph. 

Should there be an increase of amplitude in the input voltage the conditions will change as shown at the 
right in Fig. 37-14. The greater positive peaks of input voltage cause increased flows of grid current and 
of charging current into capacitor Cg. These increased pulses of grid current continue until the charge and 
voltage of the capacitor have increased to make the grid bias more negative than before. The more negative 
bias brings the zero line of the input voltage farther down on the curve of grid voltage and plate current. 
There is additional flattening of the positive peaks of plate current. The negative peaks of input voltage 
now go beyond the value which causes plate current cutoff, with the result that negative dips of plate cur-
rent are flattened out along the line of zero current. 

The net result of the increase of signal amplitude and the accompanying increase of negative grid bias 
is to limit the alternations of plate current to practically the same amplitude as existed with the original 
weaker signal voltage. Any greater increase of amplitude in the signal voltage would again cause increase 
of grid current pulses, a greater charge on the grid capacitor, a more negative bias, and the zero line of 
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the signal would drop still lower on the characteristic curve. The plate current would show negligible in-
crease of amplitude. This is the action of the limiter. 

Limiting action is made effectively by using low voltages for the plate and screen circuits. With a tube 
that would be operated as an amplifier with voltages on the order of 135 to 150, limiter operation is at 
voltages between 40 and 60 for both the plate and the screen. With the resulting small current in the plate 
circuit only a small increase of negative grid bias is needed to reach the value for plate current cutoff. 

t e'lligh values of resistance are used between the B-power supply and limiter plate to drop the voltage. 
Small changes of plate current are accompanied by relatively large changes of voltage drop in this resist-
ance. Consequently, during the portion of every signal cycle in which plate current is increasing there is 
a rapid decrease of voltage at the plate of the tube — because of increasing voltage drop in the load re-
sistance. This decrease of plate voltage limits the increases of plate current and helps to cut off or flat-
ten the positive peaks of current, No matter how positive the grid voltage might become, or how great might 
be its amplitude, there would come a point beyond which the plate current could show no further increase. 
Voltage remaining at the plate of the tube would have dropped too low to permit additional flow of current. 
This action may be called plate saturation. 

LIMITER GAIN AND OUTPUT. While the limiter is performing its function there is severe distortion of 
waveform, as you may see from Fig. 37-14. The input voltages are shown as sine waves. The output, as 
shown at the right, is a succession of waves that have been flattened across both top and bottom. Instead 
of sine waves we have square waves. 

Such waveform distortion would be very bad were we depending on changes of amplitude for carrying the 
desired audio signal.But in the f-m receiver we are depending on changes of frequency to carry the signal, 
and flattening or otherwise distorting the current waves does not alter their frequency nor does it alter the 
transmitted audio signal. It is true that a distorted waveform actually contains not only the original fre-
quency but also many multiples (harmonics)of that frequency. But the demodulator transformer that follows 
the limiter has its windings tuned to the original frequency, which is the center frequency, and reactance 
in the transformer is so low to multiples of the center frequency that they have no effect. 

At the top of Fig. 37-15 is illustrated the action of the limiter stage when input to this stage is a strong 
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Fig. 37-16. Frequency responses before and after limiting occurs. 
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frequency-modulatedvoltage of constant amplitude. The limiter reduces the amplitude of this signal voltage 
just as it would reduce variations of amplitude which constitute amplitude modulation. The limiting action 
is the same as shown by Fig. 37-12. No matter how great may be the amplitude or strength of any incoming 
signal, within any reasonable values, the limiter will bring the amplitude down to the value determined by 
operating characteristics of the limiter stage. 

Down below in Fig. 37-15 the input to the limiter stage is shown as a weak frequency-modulated voltage 
of constant amplitude. For this input the limiter acts as an amplifier. The output from the limiter is of 
greater amplitude than the input. But the limiter output for the weak incoming signal is not so great as for 
a strong signal. Output amplitude at A, when there is limiting action, is greater than output amplitude at 
R. For the weak signal there is no limiting. There is some amplification of the weak signal, but not a great 
deal, because with its low plate and screen voltages the limiter tube is not an efficient amplifier. 

Had the weak signal contained amplitude modulation as well as frequency modulation the variations of 
amplitude would have been amplified by the limiter, and in the limiter output there would be amplified am-
plitude modulation. The limiter can perform its proper function of limiting, or getting rid of amplitude mod-
ulation, only when the input voltage to the limiter stage is strong enough to cause plate current cutoff and 
plate saturation as illustrated by Fig. 37-14. On incoming signals so weak that there is no limiting action, 
any amplitude modulation in these signals will be slightly amplified and passed on to the following demod-
ulator stage. 

During service work you often will look at the frequency response of a limiter, with the help of an os-
cilloscope. The frequency response shows relative voltage gains or amplifications at the center frequency 
and at frequencies above and below the center when there is deviation. Such responses are shown in Fig. 
37-16. When you apply a weak signal from a signal generator there will be no limiting action, the peak of 
the response curve will rise and fall as you increase and decrease the voltage from the generator. When 
the input voltage is raised to the value that causes limiting the top of the response curve will flatten off. 
With very great input voltage the top of the curve may develop peaks, but its height will not be noticeably 
greater than when limiting commenced. 

In order that the limiter may operate in the intended manner, and remove amplitude modulation, the gain 
in the i-f amplifying stages ahead of the limiter must bring signal strength up to the value that causes lim-
iting. Always there will be some signals so weak that gain in the i-f amplifiers cannot bring the voltage up 
to the level for limiting. For such signals the sounds from the speaker always will contain noise, because 
there is no limiting to remove the noise pulses. How weak may be the received signals that are reproduced 
without noise will depend on how much gain there is in the i-f amplifiers, the converter or mixer, and the 
r-f stage if such a stage is used in the receiver. 

The greater the total gain or amplification between the antenna and limiter the stronger will be the volt-
ages applied to the limiter for all received signals, both weak and strong. Then the limiter may be operated 
with fairly high voltages for its plate and screen, and the limiter output will be proportionately greater for 
operating the following demodulator. When there is less total amplification ahead of the limiter it becomes 
necessary to reduce the plate and screen voltages in order that limiting action may take place with all 
signals which normally should be reproduced without noise. This, of course, reduces the output from the 
limiter and provides smaller voltages for operating the demodulator. 

LIMITER TIME CONSTANTS. The time constant of the biasing resistor and capacitor in the limiter grid 
circuit determines how quickly or how slowly the bias voltage will follow any changes of amplitude in the 
applied signal voltage. As you know, the time constant in fractions of a second is equal to the product of 
resistance in megohms multiplied by capacitance in microfarads. Limiter time constants in general use 
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range from 2 to 5 microseconds, or from about 0.000002 to 0.000005 second. These constants result from 
using such combinations as 0.047 megohm with 0.00005 mf (47K resistance and 50 mmf) or 0.047 megohm 
with 0.0001 mf, or 0.1 megohm with 0.000025 mf. These latter two combinations are equal respectively to 
17K resistance with 100 mmf, and to 100K resistance with 25 mmf. 

In order to maintain a reasonably steady average grid bias the time constant must be much longer than 
the intervals between successive i-f voltage cycles. With intermediate frequency of 10.7 mc this interval 
or period is somewhat less than 0.1 microsecond. Then a grid bias time constant of 2 microseconds ex-
tends over about20 i-f signal cycles, and a constant of 5 microseconds extends over about 50 signal cycles. 
The longer the time constant the greater will be the range of signal voltages or amplitudes at which there 
is effective limiting. 

r, 
On the other hand, the limiter time constant must be short enough to permit the bias to change fast enough 

to cut off sudden and brief noise pulses, such as are caused by sparking electrical devices, automotive 
ignition, and similar things. There will be effective cutoff or limiting, so far as speaker output is con-
cerned, with any time constant considerably shorter than the period of the highest frequency to which hu-
man ears respond. If this high limit is taken as 20,000 cycles per second the interval or period is 50 mi-
croseconds, so when we get down to time constants around 2 to 5 microseconds there is effective cutoff of 
all ordinary noise. 

In receivers which have a large number of tubes, with the intention of obtaining best possible results 
regardless of cost, we often find two limiter stages in cascade, one after the other. Usually the first him. 
iter stage is operated with a short time constant for suppressing high-frequency noise pulses, while the 
second stage is operated with a longer time constant to permit handling a wide range of signal strengths. 
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Now that we are familiar with demodulators or detectors for both f-m and a-m reception we shall examine 
some intermediate-frequency amplifiers and tuners which bring signals to these demodulators. We are chiefly 
interested in the f-m portions of the timers and i-f amplifiers, but since nearly all receivers that cover the 
f-m broadcast band cover also the standard a-m band we shall use combination fm-am circuits for most of our 
examples. 

Fig. 38-1 is a circuit diagram for a combination i-f amplifier system which is fairly representative in this 
field. The diagram extends from the converter at the left to the demodulators at the right. There are two i-f 
transformer units, one f-m demodulator transformer, and two i-f amplifier tubes. In each of the i-f transformer 
units there are two complete transformers. At the top are a primary and secondary tuned to 10.7 mc for f-m 
operation. Down below are another primary and secondary tuned to 455 kc, the intermediate frequency for 
a-m operation. 

The lead from the converter plate goes to one section of the band switch. This switch, which has posi-
tions for f-m reception and for a-m reception, is shown in its f-m position by a full line and in the a-m posi-
tion by a broken line. For f-m reception the converter plate is connected to the top of the f-m portion of the 
first i-f transformer. When the band switch is changed to its a-m position the converter plate is connected 
to the top of the primary of the a-m portion of the transformer unit. 

In tuner circuits, which precede this i-f amplifier, are other sections of the band switch. One of these 
other sections of the band switch connects the r-f amplifier tube to either the f-m antenna and its tuned 
coupling or else to the a-m antenna and its tuned coupling. Another switch section not shown in the present 
diagram connects the plate of the r-f amplifier to the mixer grid of the converter through a couplingwhich is 
tuned for f-m reception or else through another coupling tuned for a-m reception. Consequently, when the 
band switch of our diagram is turned to its f-m position the converter plate will be delivering intermediate 
frequencies centered around 10.7 mc, which is the center frequency for f-m reception. When this switch is in 
its a-m position the converter plate will be delivering intermediate frequencies based on 455 kc. 

The secondaries of both parts of the first i-f transformer are in series with each other, with the only con-
nection to the grid of the first i-f amplifier tube taken from the top of the f-m secondary. When an i-f signal 
voltage centered at 10.7 mc is being delivered from the converter plate to the f-m primary winding there are 
induced in the f-m secondary the signal voltages of corresponding frequencies, because this secondary is 
tuned to 10.7 mc.The f-m secondary circuit is completed through the lower a-m secondary, but because this 
a-m secondary is tuned to 455 kc its reactance or impedance to currents at and around 10.7 mc is practically 
zero. The a-m secondary capacitor acts as though it were little more than an ordinary short in series with 
the f-m secondary. 
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Fig. 38-1. Combination fm-am intermediate-frequency amplifier feeding a ratio detector and a 
diode detector. 

When the band switch is set to allow the converter plate to deliver to the a-m primary a signal voltage 
based on 455 kc, for a-m reception, voltages at and near this frequency are induced in the a-m secondary, 
because this secondary is tuned to 455 kc. The f-m secondary, up above, now has negligible reactance or 
impedance to the currents around 455 kc, because this secondary is tuned to 10.7 mc. Then the f-m second-
ary winding acts practically like a plain conductor so far as the 455-kc signals are concerned, and these 
a-m signals pass freely through the f-m secondary to the grid of the first i-f amplifier tube. 

We have seen how the position of the band switch determines whether f-m signals or a-m signals are ap-
plied to the grid of the first i-f amplifier tube. At the plate of this amplifier will appear either f-m signal 
voltages or else a-m signal voltages, according to the position of the band switch. 

'The plate of the first i-f amplifier tube is connected to the primary windings of the second i-f transformer. 
These primary windings are in series with each other. The upper primary with interelectrode and stray cap-
acitances is tuned to 10.7 mc, for f-m reception, and the lower primary is tuned to 455 kc for a-m reception. 
The impedance of the a-m capacitance to signals at the high band, or the f-m winding at the low band is so 
low as to have no appreciable effect on the action of the tuned circuit at the selected frequency. Each tuned 
circuit responds only to frequencies for which it is tuned, and for frequencies in the other band, the untuned 
circuit acts essentially as a plain conductor. 

Doubtless you will ask why we need no switching for the primaries of this second i-f transformer, yet we 
do need switching at the first i-f transformer? Switching is required in the plate circuit of the converter tube 
because in the output of the converter there otherwise might be voltages at sum frequencies and also athar-
monic or multiple frequencies of the unused band. Currents and voltages at these frequencies would reach 
the following i-f amplifier tube and increase its load. When these effects are prevented by switching ahead 
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Fig. 38-2. Positions of alignment adjustments on i-f transformer units. 

of the first i-f transformer there is no need for switching at any following transformer, since, with undesired 
voltages kept out of the first i-f amplifier they will not appear in following stages. 

The transformers for both f-m and a-m reception usually, but not always, are inside of a single can or 
shielding enclosure which is mounted on top of the chassis, with terminals or lead wires coming out through 
the bottom of the can. 

Alignment adjustments for primary and secondary transformer windings may all be of the movable core 
type, or all of the adjustable capacitor type, or both methods may be used in a single transformer unit as in 
the diagram of Fig. 38-1. At A in Fig. 38-2 all transformer tuning adjustments are reached from the top of 
the can. At B some adjustments are on top and others underneath, where they are reached from the under 
side of the chassis. At C all the adjustments are by means of screw heads extending through one side of the 
can. Usually there are markings for the frequencies which identify f-m and a-m adjustments, and often there 
are markings also for primary and secondary adjustments. 

The two secondaries of the second i-ftransformerofFig.38-1 are not connected in series with each other. 
The f-m secondary feeds the second i-f amplifier tube, which is used only for f-rti reception. The output of 
this second i-f amplifier goes to the f-m demodulator transformer. The a-m secondary of this second trans-
former unit is connected to the plates of the a-m diode detector and to the volume control when the band 
switch is in its a-m position. When the band switch is in its f-m position the lower end of the a-m second-
ary is open circuited or disconnected, making this section of the transformer inoperative. 

A somewhat different i-f amplifier system is shown by the circuit diagram of Fig. 38-3. Again there is 
switching at the mixer (or converter) plate for the primaries of the first i-f transformer. Now this switching 
short-circuits the a-m primary when the switch is in its f-m position (shown by the full line), while the f-m 
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Fig. 38-3. An fm-am intermediate-frequency amplifier system operating into a pentode used as 
a diode for a-m detection. 

primary is short circuited when the switch is in its a-m position (shown by a broken line). This switching 
leaves only one or the other of the primaries effectively in circuit at one time— depending on which band is 
be ing received. 

Connections from the transformer secondaries to the grid of the first i-f amplifier tube, and connections 
from its plate to the primaries of the second i-f transformer, are the same as in Fig. 38-1. There is, how-
ever, an entirely different arrangement of secondary connections in this second i-f transformer. For recep-
tion in both hands the secondaries are in series with each other. The top of the f-m secondary is connected 
to the grid of the following pentode,which acts as an i-f amplifier and feeds its output signal to the f-m de-
modulator. The demodulator is shown as a ratio detector. 

The f-m secondary circuit is completed through the a-m secondary, thence through capacitor Cg and re-
sistor kg to ground, and through ground back to the tube cathode. During f-m reception the output of the 
ratio detector goes through a section of the band switch to the volume control and from there to the grid of 
the audio amplifier. 

When the band switch is shifted to its a-m position, 13-voltage is disconnected from the plate and screen 
of the pentode that formerly acted as the second i-f amplifier. With plate and screen dead, only the grid and 
cathode of this tube remain active. The grid and cathode now act as the plate and cathode of a diode. This 
diode becomes the detector for a-m operation. The tube grid, now acting as a diode plate, is connected to 
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the a-m secondary of the transformer through the negligible impedance of the f-m secondary. The lower end 
of the a-m secondary is connected through a section of the band switch to the volume control and audio am-

plifier tube. 

In some receivers you will find a pentode f-m i-f amplifier transformed into a diode for a-m detection by 
disconnecting the screen of the pentode from its B-voltage. With no voltage on the screen there is no elec-
tron flow to the plate, and only the grid and cathode remain active. Receivers which employ the grid and 
cathode of a pentode as a diode appear, at first gla nce, to have no means for a-m detection. 

IMAGE FREQUENCIES. As has been mentioned several times, practically all sets designed in recent 
years use an f-m intermediate frequency of 10.7 mc. This standard intermediate frequency was chosen be-
cause it avoids reception of signals at image frequencies. You will recall that an image frequency is one 
that is as far above the r-f oscillator frequency as the received signal is below the oscillator frequency, or 
the image is a frequency that is higher than the received frequency by an amount equal to twice the inter-
mediate frequency. Such frequency relations are illustrated by Fig. 38-4. 

In the lowest f-m channel the center carrier frequency is 88.1 mc. The oscillator frequency is higher than 
this or any other received frequency by the amount of the intermediate frequency. Consequently, with an in-
termediate of 10.7 mc and a receiver tuned to the lowest f-m channel the oscillator frequency will be the 
sum of 88.1 and 10.7 mc, or will be 98.8 mc. The image frequency will be the sum of the oscillator and in-
termediate frequencies, the suns of 98.8 mc and 10.7 mc. This comes to 109.5 mc, and is higher than the 
108-mc upper limit of the f-m broadcast band. Such a high frequency is beyond the normal tuning range of 
the receiver. For any higher f-m channel the oscillator and image frequencies will be proportionately higher, 
and the image will remain above the normal tuning range. 

It always works out that any intermediate frequency equal to more than half the band width will throw all 
image frequencies out of the normal tuning range, or will make them higher than the highest frequency in the 
received band. The f-m broadcast band has a width of 20 mc, since it extends from 88 to 108 mc. Half this 
width is 10 mc, andany intermediate frequency greater than 10 mc will place all images above the high limit 

• of the band. 

In many f-mreceiversmanufacturedbefore 1947 the intermediate frequency is 4.3 mc. This suited an earlier 
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Fig. 38-5. Frequencies of the r-f oscillator and i-f amplifier for a-m reception. 

f-m broadcast band which extended from 42 to 48 mc for a width of 6 mc. Then the 4.3 mc intermediate, which 
is more than half of 6mc, got rid of the image frequencies. Still other receivers of early design use an inter-
mediate frequency of 8.3 mc. 

FREQUENCY RELATIONS. It is necessary to take much more care in the tuning or alignment of i-f am-
plifiers for f-m receivers than for a-m receivers. This is because, in a-m receivers, we require correct fre-
quency relations between only the i-f amplifier and the r-f oscillator in order to permit satisfactory demodu-
lation by the diode detector. In f-m receivers we must have correct frequency relations between the r-f os-
cillator, the i-f amplifier, and the tuned transformer of the discrimina tor or ratio detector. The differences 
between alignment requirements will become apparent from an examination of the processes of signal repro-
duction in the two methods of reception. 

Detection of amplitude modulation is represented by Fig. 38-5. At A we have a 1,000-kc received signal 
and an i-f amplifier tuned to 455 kc. By tuning the r-f oscillator to 1,455 kc we obtain the difference between 
oscillator and signal frequencies as an intermediate frequency of 455 kc, with all the original amplitude 
modulation. This modulation is rectified by the diode detector. 

In diagram B we still have the 1,000-kc received signal, but the i-f amplifier has been mistuned to 430 kc. 
However, by returning or realigning the oscillator at 1,430 kc we may obtain a 430-kc intermediate frequency 
with exactly the same modulation as before. The i-f amplifier will provide satisfactory gain because this 
amplifier is tuned to 430 kc. The diode detector demodulates this lower intermediate frequency and delivers 
exactly the same audio output as before. 

A diode detector demodulates changes of amplitude regardless of the frequency, efficiently rectifying or 
detecting signals at all intermediate frequencies from a few cycles per second to many megacycles per sec-
ond. The diode detects whatever frequencies are applied to it. 

Fig. 38-6 shows how we may get into trouble with mistuning of either the i-f amplifier or the demodulator 
for f-m reception. In diagram A everything is correctly tuned or aligned. There is a received signal at 101.1 
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mc. The i-f amplifier and the demodulator transformer are both tuned to 10.7 mc. With the r-f oscillator tu ned 
to 111.8mc for this particular received signal we obtain as the difference between oscillator and signal fre-
quencies the required 10.7 mc intermediate center frequency. Deviations above and below the center are 
equally amplified, because the frequency response of the i-f amplifier extends equally above and below 10.7 
mc. With the demodulator transformer correctly tuned to 10.7 mc, deviations of frequency above and below 
this center frequency cause equal changes of currents in the demodula tor diodes, and the alternating audio 
output is equal above and below its zero value. This permits distortionless audio output. 

In diagram B of Fig. 38-6 we have the same 101.1 mc received signal, but the i-f amplifier has been mis-
tuned to 10.5 mc instead of 10.7 mc. The demodulator transformer still is tuned to 10.7 mc. By returning the 
r-f oscillator to 111.6 mc it is possible to obtain a modulated intermediate frequency centered on 10.5 mc, 
which is the difference between the signal frequency of 101.1 mc and the oscillator frequency of 111.6 mc. 
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The i-f signal voltages, now centered on 10.5 mc, suit the tuning of the i-f amplifier, and there are equal 
gains for deviation frequencies above and below 10.5 mc. But when this output of the i-f amplifier is ap-
plied to the demodulator transformer, tuned to 10.7 mc, there is trouble. Deviations to frequencies lower than 
10.7 mc will be reproduced as full audio output or possibly as excessive audio amplitudes. Deviations to 
higher frequencies can cause only very small audio amplitudes. This happens because the i-f amplifier is 
delivering practically no voltages at frequencies higher than 10.7 mc, while delivering plenty of signal v olt-
age at frequencies far below 10.7 mc. The result is severe audio distortion. 

Were the i-f amplifier to remain tuned at 10.5 mc, and oscillator at 111.6 mc for this particular channel, it 
would be necessary to retune the demodulator transformer to 10.5 mc to match the i-f amplifier. Quite likely 
it would be possible to do this, many transformers having enough tuning adjustment to allow it. Then the de-
modulator transformer and all the i-f transformers would be tuned to the same center frequency. The r-f os-
cillator could be aligned to produce this center frequency from signal frequencies in each channel. 

Although mistuning of all transformers to some certain center frequency usually would produce acceptable 
audio output it is better to be on the safe side and use the standard intermediate of 10.7 mc. All modern 
transformers surely will tune to 10.7 mc while having equal gains at higher and lower deviation frequencies. 
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Fig. 38-7. The ideal frequency response of the i-f amplifier system for f-m reception. 
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Fig. 38-8. Typical satisfactory overall responses of the i-f system for f-m reception. 

When aligning an f-m receiver, or the sound section of a television receiver, it is customary to commence 
by tuning the demodulator transformer. Then we go to the i-f transformers, and finally to the tuner section. 
Whatever may be the center frequency used for demodulator alignment, this same frequency must be used for 
i-f amplifier alignment, and the r-f oscillator must be aligned to produce this center frequency on all re-
ceived signals. 

FREQUENCY RESPONSES. Fig. 38-7 shows how we determine the ideal frequency response or the rela-
tive voltage gains at various frequencies for an i-f amplifier tuned to a center frequency of 10.7 mc. At the 
bottom is represented the range of frequencies for three adjacent channels, marked A, B, and C. We are tun-
ing with respect to channel B. Each channel extends over a total range of 200 kc 0.200 mc. Frequency de-
viations of signals in each of these f-m channels may go to 75 kc above and to 75 kc below the center fre-
quency of that channel, making a total frequency swing of 150 kc. There is a 50 kc gap either side of adja-
cent channels, used as guard bands, wherein there are presumed to be no signal frequency deviations. 

We should like to have equal gains or uniform response throughout the maximum deviations of 75 kc (0.075 
mc). This would require a uniform gain or response all the way from 10.625 mc, representing a downward de-
viation of 75 kc, up to 10.775 mc, representing an upward deviation of 75 kc. But at maximum deviations in 
the two adjacent channels we should like to have zero gain or zero response. This would call for complete 
cutoff or zero gain at 10.575 mc on the low side and at 10.825 mc on the high side. 

With response of this kind there would be perfect reproduction of all deviations in our own channel, and 
perfect selectivity or complete rejection of all signals in both adjacent channels. The ideal response, from 
zero gain below to zero gain above the center frequency, would extend from 10.575 mc to 10.825 mc. This is 
a range of 0.250 mc or 250 kc, with a fla t top 150 kc wide. 
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No matter how carefully you tune the i-f amplifier transformers in an ordinary receiver the respon se won't 
be of the ideal form. As a general rule, careful adjustment will produce a curve of gain versus frequency de-
viation somewhat like the responses in Fig. 38-8. Although there is considerable gain remaining at devia-
tion frequencies in adjacent channels, this is not objectionable because f-m transmitters are geographically 
spaced far enough apart that signals from stations in adjacent channels should not interfere with each other. 
That is, stations operating in channels adjacent to any used in your locality will be of so many miles away 
that their signals will be too weak to cause interference. 

)When the top of a response curve is not flat there is greater gain at some frequencies than at others, for 
each point from left to right along the curve represents one frequency. This means that signal voltage am-
plitude will be greater for some deviations than for others. Such unequal amplitudes should cause no diffi-
culty in f-m reception, because they will be reduced to a uniform value by the limiter used ahead of a dis-
criminator or by the large capacitor in the load circuit of a ratio detector. This limiting effect or equalizing 
of amplitudes is shown by Fig. 38-9. 

There is a peculiarity of f-m signal reception that improves selectivity. A strong received signal seems to 
"swamp" any weaker signals reaching the same set. When you correctly tune an f-m receiver to a reason-
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ably strong signa 1, other weak signals seem to produce no response — as though the receiver circuits could 
work on only one set of frequency deviations at a time. With a-m reception you could hear the weaker sig-
nals in the background as interference with the stronger signal that you wish to hear. This peculiarity of 
f-m signals makes them undesirable for some emergency services where, oftentimes, it is essential to hear 
or to "read" a distant weak signai in spite of stronger signals from closer transmitters. 

Selectivity is improved by having more tuned circuits in the signal path. The greater the number of am-
plifying stages, or the greater the number of tuned circuits of any kind which handle the signal one after 
another, the sharper will be the cutoff on the sides of the overall frequency response. A single i-f stage 
might have a rather broad frequency response. If followed by another similar stage there will be not only 
additional gain but also a narrower overall response. A third similar stage will give still more gain and a 
still narrower frequency response. 

There are many i-f transformers with which, by incorrect adjustment, it is possible to obtain an overall 
frequency response that is too sharply peaked, as in Fig. 38-10. Here the voltage at maximum deviations of 
75 kc either side of the center frequency drops to only about 20 per cent of the peak gain. 

The maximum frequency deviations represent maximums of audio loudness, because amplitudes in the de-
modulated audio signal result from deviations of frequency in the i-f signal. The sharp peaking of i-f ampli-
fier response will cut off maximums of audio loudness in the sound output. Sound will be flat and without 
liveliness. Of course, the entire sound reproduction may be made louder by manipulation of the volume con-
trol, but there will be little contrast in musical passages that should be alternately lond and soft, and 
speech will come through at a nearly constant level. All the audio frequencies will be there, because audio 
frequency results from the number of deviations per second rather than from the extent of deviation to higher 
and lower frequencies. 

AUTOMATIC VOLUME CONTROLS. Earlier we learned how amplifications of r-f and i-f amplifier tubes 
in a-m receivers is subjected to automatic volume control to compensate for variations in strength of the re-
ceived signal. The avc voltage usually is taken from the output of the a-m diode detector. Because we do 
not use a diode detector for demodulation of f-m signals it becomes necessary to use different methods of 
automatic volume control in f-m receivers. 

L2) In f-m receivers employing a discriminator and limiter the signal amplitude of the limiter output and the 
discriminator input is constant for all signals above a strength that operates the limiter. This constant am-
plitude would not produce a varying avc voltage if rectified. Consequently, in receivers having a discrim-
inator, the avc voltage is taken from the limiter input or from some point ahead of the limiter. With a ratio 
detector for f-m demodulation the i-f signal voltage in the detector and its load circuit varies with average 
strength of the received signal. This detector load voltage can be used for automatic volume control. 

Not all receivers which tune in the f-m broadcast band have automatic volume control for the f-m signals. 
Many designers have felt that amplification should not be reduced, but allowed to remain as great as pos-
sible so that even relatively weak received signals may be brought up to an amplitude at which they will be 
subjected to amplitude limiting by a limiter stage. Combination fm-am sets practically always have auto-
matic volume control for a-m reception, using systems like those employed in single band standard broad-
cast a-m receivers. 

We should keep in mind that when automatic volume control is used for f-m reception it really is a control 
for automatically increasing the amplitude of weak received signals and for automatically limiting the am-
plitude of strong signals. The latter function, of limiting the gain, supplements the action of a limiter stage 
in sets employing a limiter. 
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When automatic volume control is used for r-f amplifiers and i-f amplifiers in any receiver, these ampli-
fier tubes are protected against overloading when signals are excessively strong. When signal amplitude be-
comes very great the positive peaks of voltage may exceed the normal grid bias and cause distortion. Overly 
strong signals also have an effect in amplifier tubes which broadens the tuning in connected circuits. This 
effect is reduced by automatic volume controls. 

f-m receivers which have ratio detectors we have ready at hand a voltage suitable for automatic volume 
control. This voltage exists at the negative terminal of the large capacitor that absorbs variations of sig-
nal amplitude on the load side of the detector. You will recall that voltage across this large capacitor varies 
only with changes of average signal strength. The capacitor voltage increases on strong signals and de-
creases when signals are weaker. Then the potential at the negative terminal of this capacitor becomes more 
negative with reference to ground when signals are strong, and becomes less negative when signals are 

weak. 

One method of using this capacitor potential for automatic volume control on an r-f amplifier and on a 
second i-f amplifier is shown by Fig. 38-11. The avc bus connects to the negative terminal of capacitor Cs, 
and to the bus are connected the grid returns of the tubes to be automatically controlled. The various cap-
acitors marked Cf are bypasses for high-frequency fluctuations of signal voltage which exist at capacitor 
Cs. These bypasses, in connection with resistors marked Rf, ensure that only smooth direct biasing volt-
age reaches the grids of controlled tubes from the avc system, and that no signals from one grid circuit may 
pass to other grid circuits through the volume control system. 

When a strong received signal increases the voltage across capacitor Cs the grids of the controlled tubes 
are made more negative with reference to ground and to the tube cathodes, and amplification or gain is re-
duced. Weak received signals decrease the voltage across capacitor Cs, with the result that grids of the 
controlled tubes become less negative, and amplification increases. The controlled tubes may or may not 
have the additional cathode bias shown in the diagram. 

The automatic control vo ltage may be applied to the grids of different tubes and combinations of tubes. 
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Fig. 38-11. An automatic volume control taking its negative biasing voltage from the large 
capacitor on the load side of a ratio detector. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 38 — Page 13 

1st I- F AMP. 

AVC FOR A-M 
RECEPTION 

Fig. 38-12. How grid-leak biasing voltage may be used for automatic volume control. 

In receivers having an r-f amplifier this amplifier usually has automatic volume control. When there is no r-f 
amplifier the automatic control usually is applied to the first i-f amplifier tube. In some sets there is auto-
matic volume control on the r-f amplifier and also on both the i-f amplifiers used for f-m reception. 

Another method of automatic volume control makes use of grid-leak bias for the controlled tubes. Fig. 38-
12 shows a circuit in which grid-leak bias control is applied to the r-f amplifier and the first i-f amplifier. 
The biasing resistor or grid leak resistor is Rg. The biasing capacitor is Cg. Resistors Rf and capacitor 
Cf are for smoothing the direct biasing voltage, removing high-frequency variations, and for isolating the 
signal circuits from one another. 

As with any system of grid-leak biasing there is rectification of the positive peaks of signal voltage al-
ternations. The resulting pulses of grid current charge capacitor Cg in the marked polarity. This charge es-
capes slowly through resistor Rg. A strong received signal increases the charge on capacitor Cg and its 
upper end becomes more negative with reference to ground. This negative voltage at the upper ends of Cg 
and Rg is the biasing voltage for the controlled tubes. The more negative biasing voltage which results 
from strong signals reduces amplification of the controlled tubes.Weakersigna ls allow a bias voltage which 
is less negative, and there is greater amplification. 

Grid-leak bias for automatic volume control is applied to various combinations of amplifying tubes. In Fig. 
38-12 the automatic volume control acts on the r-f amplifier and the first i-f amplifier. It may be applied 
otherwise to one or more individual tubes, with separate grid-leak resistors and grid capacitors for each 
controlled tube. 
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In some f-m receivers which have a limiter and discriminator, an automatic volume control potential is 
taken from the grid end of the limiter grid resistor and applied to preceding i-f amplifiers, to an r-f amplifier, 
or to any combination of tubes which are to be automatically controlled. Connections would be essentially 
the same as in Fig. 38-12, except that the grid resistor and capacitor would be on the limiter instead of on 
an i-f amplifier tube. 

When a limiter acts to reduce excessive amplitude of signal voltages applied to it there is an increase of 
charge on the grid capacitor. Then the end of the grid resistor which is toward the grid of the limiter tube 
becomes more negative with reference to the other end or grounded end. This negative voltage varies with 
strength of the received signal, becoming greater on strong signals and less on weak ones. Consequently, 
the limiter grid voltage is suitable for automatic volume control. 

F-M TUNERS. In the great majority of recently designed f-m receivers and combination fm-am receivers 
the variable tuning is by means of variable capacitors and fixed inductors. This method of tuning is used 
also for the a-m sections of combination receivers. F-m and a-m tuning is handled by the same control knob. 
Usually there is a single pointer moving over a dial graduated for both bands. A tuning mechanism commonly 
used consists of a multi-section variable capacitor with groups of plates for both f-m and a-m tuning. One 
such design is illustrated by Fig. 38-13. In each a-m group of plates there are 12 stators and 13 rotors. In 
each f-m group there is only a single rotor plate that moves between two stators. 

In the three-gang tuning capacitor pictured one of the gangs would be used for the coupling between an-
tenna and r-f amplifier. Another gang would tune the coupling between r-f amplifier plate and grid of the 
mixer or converter. The third gang would tune the r4 oscillator. For a receiver having no r-f amplifier only 
two capacitor gangs would be needed, one for tuning the antenna coupling and the other for the r-f oscillator. 
A two-gang capacitor would be used also in receivers having an r-f amplifier but using an un tuned coupling 
between antenna and this amplifier. Then one of the two gangs would tune the coupler between r-f amplifier 
and mixer or converter, while the second gang would tune the r-f oscillator. 

Only small values of capa citance and inductance are needed for resonance at the f-m carrier frequencies 
between 88 and 108 mc. Typical variable tuning capa citors have maximum capacitances of 15 to 20 mrnf and 
minimums of 5 to 6 mmf. Tuning inductances are on the order of 1/20 microhenry, which would be provided 
by a coil of three to five turns, widely spaced, and with diameter of 3/8 to 1/2 inch.. 

Fig. 38-13. A three-gang variable tuning capacitor for f-m and a-m reception. 
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Fig. 38-14. Tuner circuits in a receiver having no r-f amplifier, and with the antenna 
coupled to the mixer grid. 

Fig. 38-14 is a circuit diagram for a tuning system on a receiver having no r-f amplifier, using a twin-
triode tube for mixer and oscillator, and having the antenna coupled to the grid of the mixer. The oscillator 
circuits for both f-m and a-m operation are of the Hartley type in this particular tuner. Other types of oscil-
la tors may be used for either or both bands. 

Four sections of the band switch are shown in the tuner diagram. Section 1 connects the grid of the mixer 
to the tuned coupler for the f-m antenna or to another tuned coupler for the a-m antenna. Switch section 2 
connects the oscillator grid to the tuned oscillator circuits for either band.Section3 connects the oscillator 
cathode to either one or the other of the tuned oscillator circuits. Section 4 shifts the connection of the 
mixer cathode for reception in either band. 
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Fig. 38-15. Combination fm-am tuner in which parts of a ganged tuning capacitor control 
the antenna coupling, the r-f to mixer coupling, and the oscillator circuits. 

The resistor and capacitor which are in series with the cathode lead of the mixer provide cathode. bias 
during operation in both bands. This is the only bias for the r-f amplifier during f-m reception. But when 
switch section 1 is in its a-m position the grid of the r-f amplifier is connected to an avc bus, providing 

automatic volume control for a-m signals. 

During f-m reception the high-frequency oscillator voltage is fed from the oscillator grid connection through 
capacitor Cc to the grid of the mixer while switch section 1 is in its f-m position. This oscillator-to-mixer 
connection is cut off when switch section 1 is moved to its a-m position. During f-m reception the cathode 
bias line of the mixer has been connected to ground through switch section 4. But when the band switch is 
moved over to the a-m position this section 4of the switch connects the mixer cathode line through the lower 
part of the a-m oscillator coil and thence to ground. Then oscillator voltage is introduced into the mixer from 

the oscillator coil. 

The variable or movable members of the ganged tuning capacitor are shown connected together by a broken 
line in Fig. 38-14. In parallel with each tuning capacitor is an adjustable trimmer capacitor. It should be 
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noted that in this entire diagram we have seen nothing new except the method of changing connections by 
means of the band switch. Every separate circuit detail has been examined in earlier lessons. 

In Fig. 38-15 is shown a combination fm-am tuner circuit in which there is an r-f oscillator, a mixer, and 
an r-f amplifier. There are tuned couplin gs leading to the grid of the r-f amplifier from the f-m antenna and 
from the a-m antenna. There are tuned couplings for each band between the plate of the r-f amplifier and the 
grid of the mixer. There are tuned oscillator coils for each band. 

Tuning is handled by six variable capacitors, shown connected together by a broken line in the diagram 
to indicate that the rotors are ganged on one shaft, as in Fig. 38-13. In parallel with each of the six groups 
of plates in the tuning capacitor is an adjustable trimmer capacitor. There is also an adjustable padder cap-
acitor Cp in series with one of the a-m oscillator coils shown at the bottom center of the diagram. 

Six sections of the band switch are used in the tuner circuits. Switch section 1 shifts the grid of the r-f 
amplifier to ' either one or the other of the antenna couplers. Switch section 2 shifts the plate of the r-f am-
plifier between the f-m and a-m couplers leading to the mixer, while section 3 connects one or the other of 
these couplers to the grid of the mixer tube. This r-f to mixer coupling for f-m reception utilizes an r-f choke 
Lp to provide a load in the plate circuit of the r-f amplifier, and uses a variably tuned parallel resonant cir-
cuit for the mixer grid, with signal transfer through coup ling capacitor Cc. For a-m reception the r-f to mixer 
coupling consists of a transformer in which the secondary, or the mixer grid side, is variably tuned. In ad-
dition to inductive coupling between the transformer windings there is coupling or signal transfer through 
the small fixed capacitor Cm. 

Section 4 of the band switch connects two cathode bias resistors in parallel on the mixer circuit for f-m 
reception, and leaves only one of these resistors for a-m reception. When switch section 5 is in its f-m po-
sition the grid return line from the r-f amplifier is connected only to the automatic volume control voltage or 
the avc bus. With this switch section in its a-m position part of the cathode current of the mixer flows 
through connections not included in this diagram to furnish avc voltage for the r-f amplifier and mixer grids. 

From the common terminal of switch section 4 a line goes to oscillator coils for both bands, thus provid-
ing for introduction of oscillator voltage in the cathode circuit of the mixer. Switch section 6 connects the 
oscillator grid to one or the other of the oscillator tuned circuits. The oscillator circuit for f-m reception is 
a Hartley type. For a-m reception the oscillator circuit is a tickler feedback type. 

In this lesson we have traced all the circuits in a few i-f amplifiers and in two or three f-m tuners. Be-
cause no two receivers are exactly alike in every detail we might continue thus to trace individual circuits 
almost indefinitely. In doing so it would become evident that we are merely looking at different arrange-
ments and combinations of a relatively small number of basic circuits. There would be wide variations in 
wiring connections and in methods of band switching. But you would find only a limited number o f funda-
mental circuits between antennas and r-f amplifiers, mixers, or converters. There would be only a limited 
number of types of transformers or other couplings between r-f amplifiers and mixers or converters. There 
would be only a limited number of basic oscillator circuits. 

Most of our instrument connections for testing, alignment, and trouble shooting will be made at points 
quite easily identified in any circuit arrangement. Nearly all these connections will be made at antenna ter-
minals and at other points where signals normally enter the various sections of a receiver, or at the grids 
of certain tubes, at the pla tes or pla te loads of other tubes, an d at points where we have r-f, i-f, or audio 
output voltages from the various sections. 
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It is important to learn to trace given connections on circuit diagrams and also in receivers themselves 
so that you may identify certain tube elements or socket lugs, or identify some particular resistor, capaci-
tor, or inductor in the circuit diagram and in the set itself. We learn to trace circuits so that we way make 
correct connections of service instruments, and so that we may determine the points between which some 
apparent trouble must exist. 

Even with parts utilizing electrical principles so different as those in ratio detectors and discriminators 
you will discover that there is hardly any difference between methods of alignment or between the indica-
tions that you watch for during service operations. Wherever it happens that differences in electrical prin-
ciples do require changes in service methods these changes will be brought out as we proceed with instruc-
tions for servicing. 
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INSTRUMENTS FOR F-M ALIGNMENT 

Now we are ready to align an f-m receiver. Each separate step, and the reasons for taking it, will be ex-
plained in detail — because the same methods will be used later for alignment of sound sections in tele-
vision receivers.The principal differences between f-m receivers and television sound sections are in the 
use of different intermediate frequency and in that we have fewer adjustments in the television sound sec-
tion than in the f-m receiver. 
—, 

( 1) \InFcieig.ve3r o he m portions 9-1r the fre ctanogulaorsof ocombination   block s represent fm -am reeier . T all the cirecuivtswhihcehsre circuitsequi  willretuning he aligneddurinal  in o alignment order t of an 
..i-n rer 
that is in reverse to the direction of signal travel. The frequency-modulationsignals travel from the f-m an-
tenna to the demodulator, where they become audio signals. We commence alignment operations at the de-
modulator transformer and finish at the antenna coupler. Afteraligning the demodulator transformer we move 
to the preceding i-f transformer. Then we align, in order, whatever other i-f transformers may be used until 
completing adjustment of the transformer that follows the converter or mixer tube. 

After completing alignment of the demodulator and i-f amplifiers we go to the tuner. Here the first job is 
alignment of the r-f oscillator coils and trimmers. If there is a tuned coupling between an r-f amplifier and 
the mixer or converter this coupling is aligned next. Finally we align the tuned coupling which is between 
the antenna and r-f amplifier or between antenna and mixer or converter, depending on how the receiver is 
constructed. 

In Fig. 39-2 the blocks represent circuits which require alignment in the sound section of a television 
receiver. There is no separate tuner for sound in the television receiver, this function being cared for by 
the same tuner that handles picture or video signals. The sound intermediate frequency may be taken from 
the output of the television mixer tube or from some point in the television i-f amplifier, or from the video 
amplifier. There sound signals, which are frequency-modulated, then pass through one or more sound i-f 
transformers to the sound demodulator. The demodulator may be a ratio detector or a discriminator. 

In the television sound section we again carry out the alignment in an order that is in reverse to the di-
rection of signal travel. First comes adjustment of the demodulator transformer. Then we work back through 
whatever i-f transformers may be used, and finally reach the point of sound takeoff. This completes the 
sound alignment in the television receiver. 

Alignment may be needed in any receiver when tubes have been replaced in amplifier, oscillator, or de-
modulator circuits or when any other parts of these tuned circuits have been replaced. If positions of wires 
or small parts in high-frequency circuits have been changed during service operations it may be necessary 
to realign these circuits. If an unqualified service man has "monkeyed" with the adjustments the set is 
certain to need alignment. There may be slow changes in values of capacitors, inductors, and resistors 
which eventually make realignment necessary. 

Always remember that every receiver must have been correctly aligned to begin with. Poor performance 
is far more likely to result from defective tubes, small parts and connections than from misalignment. 
Therefore, don't undertake the alignment of a receiver or sound section until you have fully investigated 
the possibility of other reasons for trouble. 
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Fig. 39-1. The parts of an f-m receiver requiring alignment are shown by the rectangular blocks. 

Nothing does more to improve the Jehavior of a receiver than correct alignment, provided there is real 
need for it. But to do a first class jol, of alignment requires skill that comes from practice as well as from 
a thorough knowledge of what you are trying to accomplish, and why. The first time you undertake align-
ment of a television receiver's video or sound section it probably will seem that everything you do makes 
matters worse instead of better, and you will wish you had let things alone. But you will keep on, and 
eventually bring about a big improvement. Soon you will get the "feel" of various adjustments, and then 
it will take only an astonishingly short time to bring ailing receivers up to top performance. 

When you align a combination fm-am receiver always begin by adjusting the circuits that operate in the 
standard a-m broadcast band, then go on to the f-m adjustments. A-m alignment is made in the manner ex-
plained in an earlier lesson. If you complete the f-m alignment, then disturb any of the a-m adjustments, it 
will be necessary to realign the f-m sections. Tuned circuits for the two bands are so closely associated 
that each is affected by the other. 

SIGNAL GENERATORS. The signal generator used for f-m alignment must furnish a frequency pf 10.7 
mc and other frequencies somewhat below and above this value. This range is needed for alignment of de-
modulators and i-f amplifiers. For older f-m sets it will be necessary to have frequencies at and near 4.3 
and 8.3 mc. 

In addition it is desirable that the signal generator furnish radio frequencies from alittle below to alittle 
above the f-m carrier band, say from 86 to 120 mc. If you do not have a signal generator furnishing such 
high frequencies it usually is possible to use harmonics of lower generator frequencies. All ordinary serv-
ice type signal generators put out not only the frequency at which they are tuned, but at the saine time de-
liver harmonic frequencies at many multiples of the tuned frequency. 
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Fig. 39-2. The blocks show parts of a television sound section which are aligned. 
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For instance, when any ordinary signal generator is tuned to 10 mc it will be producing at the same time 
harmonic frequencies of 20,30,40, 50 mc, and even higher multiples of 10 mc. The frequency for which the 
generator is tuned is called the fundamental. Twice the fundamental is called the second harmonic, three 
times the fundamental is the third harmonic, and so on. 

To obtain a radio frequency needed during alignment you may divide that frequency by some whole num-
ber that gives a quotient within the tuning range of your signal generator. If you want 100 mc, and your sig-
nal generator goes only to 30 mc, you might tune the generator to 25 mc and use the fourth harmonic ( 100 
mc) or you might tune to 20 mc and use the fifth harmonic. You don't have to do anything special to obtain 
these harmonic frequencies, all of them are there all the time. In the accompanying table are listed genera-
tor dial frequencies whose various harmonics are at some of the radio frequencies commonly used for al-
ignment of tuners in f-m receivers. Frequency settings enclosed by parentheses in the table are not exact 
divisions of the desired radio frequency, and it would be difficult to tune the generator to these fundamen-
tals with sufficient accuracy for alignment. 

SIGNAL GENERATOR SETTINGS WHICH FURNISH HARMONICS FOR ALIGNMENT 

Number of 
the Harmonic 
Being Used 

RADIO FREQUENCIES IN MEGACYCLES REQUIRED FOR ALIGNMENT 
These are harmonics of generator dial frequencies listed below. 

86 88 90 98 106 108 110 

Second 

Third 

Fourth 

Fifth 

Sixth 

Seventh 

Eighth 

Frequencies At Which Generator Dial Is Set 

43.00 44.00 45.00 49.00 53.00 54.00 

(28.67) ( 20.33) 30.00 (32.67) (35.33) 36.00 

21.50 22.00 22.50 24.50 26.50 27.00 

17.20 17.60 18.00 19.60 21.20 21.60 

(14.33) (14.67) 15.00 (16.33) ( 17.67) 18.00 

(12.29) (12.57) (12.86) 14.00 (15.14) (15.43) 

10.75 11.00 11.25 12.25 (13.25) 13.50 

55.00 

(36.67) 

27.10 

22.00 

(18.33) 

(15.71) 

13.75 

The higher the harmonic frequency the less becomes the generator voltage. However, many service gen-
erators will furnish ample voltage up to at least the tenth harmonic. 

Whatever error you make in tuning the generator to a fundamental frequency will be multiplied by the 
number of the harmonic frequency being used. For example, if you make an error of 0.25 mc on the genera-
tor dial, and use the fourth harmonic, that harmonic frequency will be in error by four times 0.25 mc, or 
will be 1.00 mc out of the way. 

A signal generator must produce frequencies which correspond closely to the dial markings, which is to 
say that calibration of the generator must be accurate. When the generator dial is set for 10.7 mc, for al-
ignment of the demodulator and i-f transformers, the actual frequency should not differ by more than 0.01 
mc either way from the indicated value. For the methods of alignment which we shall use for f-m receivers 
the calibration on carrier frequencies need not be quite so close. If the actual frequency is within 1.0 mc. 
of the dial setting between 88 and 108 mc the results ordinarily will be acceptable. 

More important than absolute accuracy of calibration is the ability to return the generator to a frequency 
that has been used before. Assume that you have been using an actual frequency of 10.71 mc, which might 
be furnished with the dial pointer at 10.70 mc. It is essential that the actual frequency come back to pre-
cisely 10.71 mc when the dial is reset at 10.70 mc after you have used some different frequency between 
times. Otherwise you wouldn't be sure that several transformers or couplers were aligned to exactly the 
same frequency. 
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Fig. 39-3. Signal generator designed especially for alignment of f-m receivers. Frequency scale 
at upper right. Output meter at upper left. 

The attenuator of the generator, which is the control for output voltage, should be capable of dropping 
this voltage nearly to zero. Many attenuators fail to meet this requirement. It is absolutely necessary that 
the cable through which generator voltage is delivered to receiver circuits be shielded. The innerconductor 
that carries signal voltages must be enclosed within but insulated from an outer braided metallic covering 
that is connected to chassis ground within the generator and whose receiver end is fitted with a clip for 
connection to ground or B-minus at the receiver. 

Fig. 39-4 is a picture of a shielded cable for use with a signal generator. At the left and uppermost is 
the insulated prod on the end of the central conductor through which generator voltage comes to the re-
ceiver. To the braided metallic shield of the cable is attached a spring clip. At the right is a screw con-
nector that attaches to the signal outlet on the generator. 

The signal generator preferably will furnish r-f and i-f voltages which may be either amplitude-modulated 
at some audio frequency or else unmodulated and of unvarying amplitude. Although we are working with 
frequency-modulation receivers and sound sections there are certain tests described in following pages 
which may be made only with an audio modulated signal. 

The central conductor or the "high side" of the generator output cable will be connected to tube grids, 
antenna terminals, and other points through a capacitor or resistor as directed in following detailed in-
structions. Usual practice is to make this connection to tube socket lugs or other suitable points on the 
under side of the chassis, with the chassis removed from its cabinet. 
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Fig. 39-4. Shielded output cable for a signal generator. 

Sometimes it is more convenient to make test connections to grids or other tube elements from the top 
of the chassis. Many technicians feel that top connections are preferable because chassis metal then is 
interposed between possible radiation of signal fields from the generator cable and the circuit wiring that 
is underneath the chassis. 

There are various ways of making top connections. One of the simplest is shown in Fig. 39-5, where 
connections have been made to two of the base pins on a tube. To make a connection, bare both ends of a 
short piece of insulated wire. Shape one end into a small loop just large enough to force onto a base pin. 
The insulation must come close to the pin so that when the tube is replaced in its socket the wire will re-
main insulated from chassis metal around the socket. The free end of the piece of wire then is used for an 
instrument connection. The wire should be left only long enough for convenient attachment of an instru-
ment lead or clip. 

A top connection may be made also with a test adapter such as made and sole for this express purpose. 
In Fig. 39-6 one of these test adapters is shown by itself at the left, and at the right is shown a similar 
adapter inserted in a socket, with a tube inserted in the top of the adapter. Adapters are available for 
octal-base tubes, lock- in tubes, and miniature tubes. 

Extending out of the bottom of the adapter are pins just like those on the base of the corresponding 
tube. In the top of the adapter are openings just like those in a socket. The metal clip connector in each 

Fig. 39-5. Wires twisted around tube pins for top connections during tests. 
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Fig. 39-6. A test adapter and how it is used with a miniature tube. 

top opening is joined to the base pin directly below, and from each of these connections a short stiff wire 
extends out through the side of the connector. Test instruments may be connected to any one or more of 
these small extensions. 

METERS FOR ALIGNMENT. During all processes of alignment we introduce voltages from a signal gen-
erator at some points in the receiver circuits and measure resulting output voltages at other points, thus 
determining the effect of various adjustments. Three types of meters may be used — an electronic volt-
meter, a high-resistance d-c voltmeter, or an output meter which measures audio-frequency voltages. 

Service types of electronic voltmeters, such as the one pictured in Fig. 39-7, are capable of making all 
measurements required during alignment. The cable and connectors shown attached to the left side of the 
instrument are for measuring direct voltages. At the right is attached another cable and a special " probe" 
for measuring alternating voltages at all frequencies from less than 60 cycles up to several megacycles, 
including all audio-frequency voltages. 

The great advantage of electronic voltmeters over all o ther types is the very high resistance or impe-
dance of the instrument itself. When making measurements of direct voltages the meter resistance- ordi-
narily is something between five and twenty megohms, regardless of the range of voltage being measured. 
On a-c, a-f, and r-f measurements the instrument impedance decreases as the applied frequency rises, but 
the impedance always remains far greater than in any other type of meter used for similar service work. 

When a meter having such high resistance or impedance is connected to or across any circuit other than 
one operating at high frequency the small meter current causes hardly any change in loading of the circuit, 
and indicated voltages are practically the same as with no meter connected. Meters of less resistance or 
impedance take more current from whatever source is feeding the measured circuit, and indicated voltages 
are lower than voltages which exist when no meter is connected. 

In methods of f-m alignment which we shall use it is not necessary to make voltage measurements in 
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Fig. 39-7. Service type electronic voltmeter. 

high-frequency tuned circuits while such circuits are operating. If, however, we did wish to make such 
measurements, an electronic voltmeter would be the only practicable type. Any other type would add so 
much capacitance, inductance, or both to the tuned circuit as to greatly alter the resonant frequency. 

The second type of meter used for alignment, a high-resistance d-c voltmeter, is one whose internal 

Fig. 39-8. High-resistance d-c voltmeter with provisions for also measuring d-c current and ohms of 
resistance. 
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resistance is 20,000 ohms or more per volt of maximum pointer defleétion on each scale of the instrument. 
That is, when the meter is being used with a scale allowing maximum reading of 5 volts the internal re-
sistance will be 5 times 20,000 ohms, or will be 100,000 ohms. On a 10-volt scale the internal resistance 
would be twice as much,or 200,000 ohms. On a scale reading up to 100 volts the internal resistance would 
be 100 times 20,000 ohms, or 2 megohms. 

A meter having sensitivity of 20,000 ohms per volt always takes through itself a current of 50 micro-
amperes at full scale deflection, regardless of which scale is being used. This you may prove by using 
our regular formula for current in relation to voltage and resistance. This formula is, 

1000 x volts  Milliamperes ohms 

If we use the meter values of 20,000 ohms and 1 volt the formula reads. 

10200000x0 1 210 Milliamperes — 0.05 ma 50 microamperes. 

Most of our alignment work is done with a meter scale of 3 volts,5 volts, or whatever may be the lowest 
range of the meter. On these scales the internal resistances are rather low and the meter currents propor-

Fig. 39-9. Output meter for measuring voltages at audio frequencies. 
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Fig. 39-10. Connections between an audio output tube and the voice coil of a speaker. 

tionately high. Consequently, when using these low scales you should connect in series with one of the 
voltmeter leads a fixed carbon or composition resistor of something between 100,000 ohms and a half meg-
ohm. This will reduce the deflection of the meter pointer, and it will not indicate actual volts. But since 
nearly all alignment adjustments are for the purpose of obtaining either maximum or minimum readings, 
without reference to any particular number of volts, the operation of the meter is satisfactory under these 
conditions, and we will have increased the meter resistance to a value at which action of measured circuits 
will not be seriously altered by presence of the meter. 

High-resistance d-c voltmeters far service work usually are incorporated in an instrument capable of 
measuring d-c voltages, a-c voltages, ohms of resistance, and sometimes currents in milliamperes or micro-
amperes. Such a combination "analyzer" instrument is pictured in Fig. 39-8. Switches select the range of 
voltage or current to be measured, and also the dial scale to be used.An instrument which measures volts, 
ohms, and milliamperes usually is called a volt-ohm-milliammeter, abbreviated "VOM". 

\:--/ An output meter is a type designed especially for measuring audio-frequency voltages. One such instru-
ment is illustrated by Fig. 39-9. The internal working parts or the "movement" ordinarily will be of the 
same type used in d-c voltmeters, or will be of the moving coil type. Inside the instrument are one or more 
small rectifiers of the contact type, called meter rectifiers. These rectifiers change the applied alternat-
ing audio-frequency voltages intoone-way or direct voltages and currents that operate the meter movement. 

The output meter illustrated has a terminal or jack at the upper left marked "Series Cond." Connected 
internally in series between this terminal and the rectifiers is a condenser or capacitor which allows only 
alternating currents and voltages to enter the meter even when the test leads are connected to a circuit 
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containing both alternating and direct voltages. Such a circuit would be that connected to the plate of a 
tube, where there is a direct voltage from the B-supply and also alternating signal voltage. At the top cen-
ter is a jack or terminal, marked positive and negative, to which may be connected a pure alternating volt-
age or any voltage in which it is desired to measure the effect of both direct and alternating components. 
The common terminal for the second side of any circuit is at the upper right. Down below the meter face is 

the selector switch. 

Most output meters have one dial scale marked in decibels as well as other scales for a-f volts. A deci-
bel is a unit of measurement of relative gain or loss of voltage, current, or power which may occur between 
different points in a circuit or between different circuits. Decibel measurements are used chiefly when 
working with audio-frequency amplifiers, speakers, and audio reproduction in general. We shall learn about 
these measurements later on. They are not used for alignment work. 

For measuring the audio output of the receiver or 
is connected across the voice coil of the speaker. 
few turns of wire fastened onto the vibrating cone 
voice coil is the end of a permanent magnet or 
movement or vibration of the cone.Reaction of the 
coil and the steady field of the magnet causes 
quency. 

Audio-frequency currents for the voice coil come from the secondary of an iron-core output transformer 
whose primary winding is connected between the plate of the audio output tube and the B-plus supply lines. 
The transformer has a large step-down ratio from primary to secondary. Consequently, there is high a-f 
voltage and small a-f current in the primary,while in the secondary there is very low a-f voltage but a large 
a-f current. The low voltage and high current of the secondary are also in the connected voice coil. 

Should the audio output be so weak that voice-coil voltage will not give readable deflections of the out-
put meter this meter may be connected across the primary winding of the output transformer, where voltage 
is many times greater than in the secondary circuit.Insteadof connectingthe meter leads to the ends of the 
secondary winding of the transformer one lead may be connected to the plate of the audio output tube and 
the other lead to B-plus or to B-minus or to chassis ground, wherever there are readable indications. With 
any of these connections to the tube plate or transformer primary it is absolutely necessary to have a cap-
acitor in series with the meter. If no capacitor is built into the meter one must be connected externally. 
Use only a paper dielectric capacitor having a voltage rating well in excess of the B-supply voltage ap-
plied to the plate circuit. The capacitance should be 01 mf or preferably 0.5 mf. 

Fig. 39-11 shows where to find voice coil connections on a typical speaker. The vibrating cone is at 
the left. Immediately back of the center of the cone is the winding for an electromagnet. Many speakers 
have a small permanent magnet in this position. On top of the magnet frame is mounted the output trans-
former, from which two wires go to lugs on an insulating support. One wire shows in the picture. From 
these luge two other flexible wires go to the vibrating cone and to the voice coil. The lugs are the termin-
als of the voice coil to which you attach the leads of the output meter. Oftentimes there are long exten-
sion lugs provided for the express purpose of connecting an output meter to the voice coil. One such ex-
tension lug is shown in the picture, bent down so that its end is visible against the black background of 

the cone. 

Whenever you use an output meter, no matter where it is connected, keep the volume control of the re-
ceiver at maximum. This allows maximum meter indications with minimum loading of the sound circuits. 

®No matter what kind of a meter you are using, always work with the lowest voltage scale or the scale 
showing the least maximum voltage. When you don't know how high the voltage may be to begin with it is 
advisable to first set the meter for one of the high-voltage scales. If the reading then is greater than could 
be measured on the lowest scale reduce the voltage output of the signal generator until the lowest scale 
can be used. Always it is advisable to use a generator voltage output low enough that maximum readings 
on any meter do not come much if any above half scale. 

sound section during alignment the output meter usually 
This voice voil is shown in Fig. 39-10. It is a coil of a 
of the speaker. Inside the small end of the cone and the 
an electromagnet of diameter small enough to allow free 
alternating(audio frequency) magnetic fields around the 
the voice coil and attached cone to vibrate at audio fre-
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Fig. 39-11. Voice coil connection of a speaker. A similar connection is on the hidden side of the 
transformer. 

DEMODULATOR OUTPUT VOLTAGES. Probably the most critical step in alignment of an f-m receiver 
or the sound section of a television receiver is adjustment of the demodulator transformer. The job becomes 
relatively easy, and good results will be assured, only when you have a clear understanding of what is 
happening to voltages in the load circuits of the demodulator. 

To make some instructive measLrements we shall use the hookup of Fig. 39-12. This is not a hookup 
for alignment, although it could be used for some steps, we merely are going to watch the performance in 
slow motionrather than with a signal rapidly deviating in frequency. A signal generator is connected through 
a capacitor C to the grid of the i-f amplifier or limiter tube preceding the demodulator transformer. A high-
resistance d-c voltmeter or electron:c voltmeter is connected from the audio output point X to ground. Note 
that nothing is being said as to whether we are working with a ratio detector or a discriminator, they both 
work the same so far as audio output is concerned. We may assume that primary and secondary of the de-
modulator transformer are accurately tuned to 10.7 mc. 

First we tune the signal generator to some frequency such as 10.2 or 10.3 mc, well below the center fre-
quency, and note the voltage indicated by the meter. This voltage will be small, and negative with refer-
ence to ground as at A on the graph of Fig. 39-13. The applied signal voltage is at a frequency so far from 
the tuned resonant frequency of the transformer that there is small response. 

As the generator frequency is slowly increased the voltage will become more and more negative, as from 
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A to B on the graph. The voltage remains negative because, at frequencies below resonance or below the 
center frequency, one of the demodulator diodes is receiving a greater out-of-phase voltage than the other 
diode and is passing more current. This will be the diode that produces a negative swing of audic output 
voltage during normal operation. The voltage increases, or becomes more negative because the applied fre-
quency is coming closer to resonance in the transformer, and the response is increasing. 

When we reach the frequency at B on the graph the voltage reaches its negative peak and thereafter be-
comes less negative.Now the phase of voltages on the diodes is changing to cause the first diode to con-
duct less current while the other diode commences to conduct more current. These rectified currents in the 
diode circuits and the demodulator load resistors are direct currents, which is the reason why we may mea-
sure their effects with a d-c voltmeter. 

By the time the applied frequency has been increased to 10.7 mc the diode currents and voltages are 
equal, with the result that audio output voltage is zero, as at C on the graph. 

With further increase of frequency,from the signal generator the diode that formerly had greater conduction 
has less conduction, and the other diode now has the greater conduction. This, of course, reverses the 
polarity of the audio output voltage and this voltage being measured by the meter commences to increase 
in the positive direction from C to D on the graph. At D we have peak positive voltage. With increase of 
frequency beyond this point we are getting so far from resonance that the response commences to drop, and 
voltage gradually falls back to a very small value at E. 

If the applied frequency is decreased the output voltage will go through all its changes in reverse, with 

SIGNAL 

GENERATOR 

D-C 

VOLTMETER 

DEMODULATOR 

LOAD 

AUDIO OUTPUT 

Rf 

Cf 

TI 
14•1(---1 

TO 

AUDIO 

AMP. 

VCLUME 

=. CONTROL 

Fig. 39-12. Connections for measuring d-c voltage output of a demodulator. 
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Fig. 39-13. An S-curve showing changes of demodulator output voltage when there is deviation 
of frequency. 

variations as from E back to A on the graph. If there were to be frequency deviation at an audio rate the 
voltage would alternately swing through the zero,negative,and positive values at the same rate. We would 
have alternating (negative and positive) voltage at the audio frequency of deviation. The curve which we 
have developed in Fig. 39-13 is called an S-curve because it is shaped like a letter S lying on its side. 
S-curves for ratio detectors and discriminators are alike, you could not tell which kind of demodulator is 
being used by looking at its output curve. 

The voltages at the two peaks of the S-curve will increase when generator output voltage is increased 
and will decrease when generator voltage is lowered. The same thing happens with change of received 
signal strength during normal reception. The peak voltages of audio output increase and decrease with 
greater and less amplitude of the f-m signal applied to the demodulator. This is the reason why automatic 
controls for amplification in r-f and i-f amplifiers often are called automatic volume controls.Theydo limit 
the amplitude of signals reaching the demodulator and thus limit the maximum peaks of audio output volt-
age. 

The S-curve developed in Fig. 39-13 is perfectly straight throughout a frequency range of about 100 or 
more kilocycles (0.1 or more megacycles) each way from the center frequency. When this is true there will 
be equal audio responses forequal deviations all the way to maximum f-m broadcast values of 75 kilocycles 
each side of the center frequency. In checking the demodulator alignment for accuracy it is rather common 
practice to measure negative and positive voltages with the signal generator detuned to equal numbers of 
kilocycles below and above the center frequency. These voltages should be equal, or very nearly so. 

It is desirable also that voltages be equal at the negative and positive peaks. This equality is not really 
necessary provided the center part of the response is straight as far as the limits for maximum deviations. 
When the peaks show decided difference or when the central partof the response is not straight, correction 
is made by careful adjustment of the trimmer or movable core of the transformer primary. 

The secondary trimmer or movable core is adjusted to bring zero voltage, or the center of the S-curve, to 
the center frequency. With any type of meter measuring audio output the object is to obtain a zero reading 
when the applied signal is at the center frequency. You should note from Fig. 39-13, and keep in mind here-
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Fig. 39-14. How zero output voltages are indicated by various meters. 

after, that voltage of zero or very near zero may be obtained at any of three different frequencies. At a low 
frequency, lower than point A, we would have zero voltage, and also at a frequency higher than point E we 
would have zero voltage. Neither would be the zero at which adjustment is aimed. The zero we always look 
for is the one at the center frequency, or at C on the S-curve. 

When the primary of the demodulator transformer is tuned at or very close to the center frequency it be-
comes possible to adjust(j  a trimmer or movable core for the secondary to obtain zero outputs at any of three 
different settings. One adjustment will be for resonance below the correct center frequency, another will 
be for resonance above the center frequency, and the third will be the correct one — for resonance at the 
center frequency. It is quite easy to determine whether you are using an incorrect adjustment or the cor-
rect one. At the correct setting the least change of adjustment either way will cause a rapid shift between 
negative and positive voltage outputs on a d-c meter. If you are using an a-c output meter the voltage will 
rise very rapidly on each side of the correct adjustment, and only slowly on the other adjustments. 

There may be some difficulty in determining a true zero voltage with ordinary types of d-c voltmeters. 
One method is shown at A in Fig. 39-14. The pointer will rise from zero in the usual way on positive volt-
ages, and will stand at zero for zero voltage provided it stands there when the meter is not connected to 
any source of voltage. On negative voltages the pointer can move a short distance to the left of zero. Then 
the pointer will pass the zero mark when applied voltage is at the center frequency, if alignment is correct. 
If negative voltage is to be measured it will be necessary to reverse the connections of the meter leads to 
the receiver circuits. 

Some d-c voltmeters have a zero center scale, as at B. The pointer deflects to the left on negative volt-
ages, and to the right on positive voltages. It is easy to precisely identify zero voltage, and to measure 
voltages in both polarities. Some electronic voltmeters provide zero-center readings with the selector 
switch in one of its positions. 

A convenient method for use with any electronic voltmeter is shown at C. On meters of this type there 
is a zero adjuster knob that will move the pointer quite a ways up the scale when the instrument is turned 
on, but not connected to any voltage source. By initially setting the pointer at some easily recognized 
point on the scale this point may be considered as the zero reading and it becomes possible to read volt-
ages which are either negative or positive. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 39— Page 15 

Even when the pointer of an electronic voltmeter is not shifted from its normal zero position it is pos-
sible to identify the true zero by allowing the pointer to move slightly to the left of the regular zero point, 
as at A in Fig. 39-14. Nearly all electronic voltmeters have a polarity reversing switch. With this switch 
in one position the pointer reads up scale on positive voltages, and in another switch position the pointer 
reads up scale on negative voltages — all without changing the connections of the meter leads to the 
measured circuits. 

When making measurements with ad-c voltmeter it is necessary thatno capacitor come between the audio 
output point of the demodulator and the meter, since a capacitor would not pass even the small direct cur-
rent required by the meter. In earlier diagrams we have identified the audio qutpoint as X. This point is 
shown again in the ratio detector circuit at the left in Fig. 39-15. In this particular modification of the 
ratio detector point X is conductively connected to the high side of the volume control, and d-c output 
voltages could be measured at the volume control. In many circuits there is a capacitor between point X 
and the volume control, Then no place on the volume control could be used for d-c output voltage measure-
ment. 

The d-c output point X for one style of discriminator circuit is shown at the right in Fig. 39-15. Here 
there is a capacitor between X and the top of the volume control, which would make it impossible to make 
d-c voltage measurements at any point on the control. 

As mentioned before, the secondary of any demodulator transformer is aligned for zero voltage at the 
audio output point. The primary of the transformer is aligned for a maximum voltage when the applied sig-
nal is at the intermediate center frequency. In demodulator circuits having two resistors on the load side, 
the voltage for primary alignment may be measured with the voltmeter connected across either one or the 
other of these load resistors rather than at the audio output point. 

In the ratio detector circuit at the left in Fig. 39-15 the voltmeter could be connected from chassis ground, 
or B-minus, to point A or to point B. in the discriminator circuit at the right the voltmeter could be con-

Fig. 39-15. Points at which meters are connected to demodulator load circuits during alignment. 
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Fig. 39-16. Full-line curves show voltage changes across one load resistor when there is fre-
quency deviation. An S-curve is shown for reference. 

nected between ground and point A, across the lower resistor, or else between points A and B to measure 
voltage across the upper resistor. 

The voltage across either load resistor should reach its peak value when the signal from the generator 
is at the intermediate frequency. Typical changes of voltage across load resistors are shown by Fig. 39-
16. A positive voltage, with a positive peak, may be shown across one of the resistors while a negative 
voltage and peak are shown across the other one. The polarities will be as marked at the ends of the re-
sistors in Fig. 39-15. An S-curve is included in Fig. 39-16 to show the relations between this audio out-
put voltage and the separate voltages across the two load resistors. 

INSTRUMENT CONNECTIONS. When you read instructions for alignment it will be specified that meters 
are to be connected to certain points, as across a voice coil. The same results will be obtained with con-
nections made to any other points from which there is a direct conductive lead or wire going to the speci-
fied points. You will use connections which are most convenient, this being a matter of receiver design 
and construction. For many adjustments on radio detector circuits it will be specified that the meter is to 
be connected across the large capacitor in the detector load, which is capacitor Cs in Fig. 39-15. The 
same results would be hadwith the meter connected to the cathode and plate on the load side of the diodes, 
or to the outer ends of the two load resistors, since these other points are directly connected to the two 
terminals of the large capacitor. 

There is not so much leeway in making connections of the signal generator leads in f-m circuits, where 
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we are working with frequencies of many millions of cycles. Even short lengths of conductors of any kind 
have appreciable inductive reactance at these frequencies, and the low capacitive reactances between 
small lengths of conductors allow considerable leakage of signal voltages. 

Fig. 39-17 illustrates some principles to be observed when making connections of generator leads. As-
sume that the high side of the generator is to be connected to the grid of tube number 1. Make the con-
nections as close as possible to the grid pin, at the pin itself or at the grid lug on the socket. Then con-
nect the ground lead from the generator so that high-frequency signal voltages introduced from the gener-
ator follow the shortest possible path between the high side connection and ground. The ground connec-
tion may be made at A, where the cathode of tube number 1 connects to chassis ground, or it might be made 
at or near point B, where the bypass capacitor from the grid coil connects to chassis ground. 

It would be poor practice to make the generator ground connection at points such as C or D when feed-
ing a signal into tube number 1. Such connections would be far from the grid circuit where the signal is 
introduced, and high-frequency currents would have to flow through all the chassis metal from C or D back 
to A or B. This would allow the signal fields and voltages to go directly into many circuits where they are 
not wanted. 

Keep the leads from the signal generator as far as possible from all receiver wiring, even though the 
high-side lead is protected by the grounded shield. Be sure to keep the leads for the signal generator and 
those for the meter well separated. 

With all the instrument connections correctly made we still are not quite ready to follow the step-by-step 
instructions for aligning the demodulator, the i-f amplifier, and the tuner, as these instructions will be 
given in the following lesson. The one thing still to be done is to turn on both the receiver and the signal 
generator, also an electronic voltmeter if this type of meter is to be used, and let everything warm up for 
at least ten minutes and preferably more before attempting to make any adjustments.Never forget the warm-
up period. 
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METHODS FOR F-M ALIGNMENT 

The general procedure of alignment follows the same pattern whether we are working on a-m, f-m, or tele-
vision receivers. Of course, we employ different frequencies and look for results appropriate to the type 
of receiver, but almost everything you learn about any one of the jobs proves directly or indirectly helpful 
on the others. This fact will become apparent as we proceed in this lesson with steps to be taken during 
alignment of f-m receivers, for many of these steps are only slight modifications of operations performed 
when aligning a-m receivers. Later, when we come to alignment of television receivers, your familiarity 
with adjustments on sound receivers will make it relatively easy to handle both sound and video sections 
of the television receiver. 

No matter what kind of receiver you work on, if it is a transforrnerless type or has series heaters across 
the line, you should make connection to the power line through an isolating transformer if such a trans-
former is available. Otherwise you should take care to have the chassis side of receiver circuits connected 
to the grounded side of the power line, thus minimizing the effects of a hot chassis. Also, to avoid the pos-
sibility of wrecking the attenuator of your signal generator when working with receivers of this type it is 
advisable to connect the low side of the generator output cable to the chassis or B-minus through a fixed 
capacitor of at least0.01 mf capacitance,rated at150 volts or more, rather than making a direct conductive 
connection. 

All alignment adjustments normally are made with signal voltages from a generator. Other signals coming 
into the receiver at the same time can cause nothing but trouble. Consequently, you should disconnect any 
outdoor, indoor, or built-in antenna regularly used with the receiver. 

10In addition to disconnecting the antenna, set the tuning dial of the receiver to some frequency on which 
no nearby f-m station operates. Setting the dial for either maximum or minimum frequency, or as far as the 
knob will turn in either direction, often proves satisfactory. After the generator and meter are connected 
for testing try moving the receiver tuning dial a little ways in either direction from this preliminary setting. 
If this causes any change in the meter reading, when connected for demodulator or i-f amplifier alignment, 
you are getting beat frequencies between the r-f oscillator and some external signal, and these beats will 
lead to incorrect alignment. If you can find no dial position with which slight movement does not affect 
the meter reading it is advisable to disable the r-f oscillator while aligning the demodulator and the i-f 
amplifiers. 

There are various ways of disabling the r-f oscillator during alignment. If the receiver has a separate 
oscillator tube, not combined with the mixer, and if tube heaters are in parallel, simply remove the oscil-
lator tube from its socket and leave it out until you are ready to align the tuner after finishing with the de-
modulator and i-f amplifiers. 
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Fig. 40-1. Alignment setup for combination fm-am receiver, using signal generator and 
electronic voltmeter. 

If there is a separate oscillator tube, but the tube heaters are in series, you can remove the oscillator 
tube and complete the heater circuit otherwise. One way of completing the heater circuit is to use an old 
tube in which the heater still lights but which has proven otherwise defective in operation. All pins ex-
cept the two for the heater may be cut off short with diagonal cutting pliers, or you may cut off only the 
grid pin or only the plate pin. Of course, the old tube must have the same rating for heater volts and am-
peres as the tube it temporarily replaces. 

Another way of completing the heater circuit is by use of a fixed resistor whose pigtail leads are pushed 
down into the socket holes that take the heater pins of the oscillator tube. It may be more convenient to 
fit the resistor pigtails into a test adapter, and insert the adapter in the oscillator socket. Resistance of 
the substitute resistor, in ohms, must equal the quotient of dividing the rated volts by the rated amperes 
for the heater of the oscillator tube,or a value within 10 per cent of this number of ohms. The wattage rat-
ing of the resistor should be at least twice the product of multiplying the rated volts by the rated amperes 
of the oscillator tube. 

If the oscillator function is performed by one section of a twin triode or by a converter this tube must re-
main in its socket. Then you can connect the grid of the oscillator section to chassis ground or B- minus 
through a fixed capacitor of 0.001 mf or greater capacitance. This does not merely detune the oscillator, it 
stops the oscillation. The same result may be obtained by using the capacitor to ground the stator side of 
the oscillator tuning capacitor or the high side of an oscillator tuning coil. 

f you Etre in doubt as to whether an oscillator circuit really is oscillating measure the grid voltage of 
the tube. While oscillation continues, the grid will be highly negative, usually about 10 volts negative with 
reference to the cathode or to ground. When oscillation stops the grid voltage will drop to near zero. When-
ever you stop the r-f oscillator while aligning the demodulator and i-f amplifiers be sure to place it back in 
operation before attempting to align the tuner. 
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Fig. 40-2. Compact wiring underneath a chassis makes it necessary to carefully trace the 
wiring when making test connections. 

DEMODULATOR ALIGNMENT. There are several ways of aligning the demodulator transformer by using 
a signal generator and either a high-resistance voltmeter or an electronic voltmeter. The same methods are 
used whether the demodulator is a ratio detector or a discriminator with limiter. The general scheme of in-
strument connections is shown by Fig. 40-3 for one of the methods in common use. Step-by-step procedure 
is as follows: 

1. Use the signal generator without audio modulation, Tune the generator to the intermediate center fre-
quency, which is 10.7 nic in all receivers of recent design. Connect the high side of the generator 
output cable through a fixed capacitor of 0.01 to 0.05 mf to the grid of the tube which precedes the 
demodulator transformer, as at A in the diagram. Connect the low side of the output cable to chassis 
ground or fl- minus, as at B. Which of these latter connections is used depends on construction and 
wiring of the receiver. With 13-power furnished through a power transformer, and heaters in parallel, 
make the connection to chassis ground. With transformerless receivers make the low-side connection 
to a 13-minus point in the wiring, through a 0.01 mf capacitance. 

2. To measure the demodulator output use either an electronic voltmeter or a high-resistance d-c volt-
meter. When using the high-resistance d-c voltmeter connect in series with the ungrounded lead a 
fixed carbon resistor of 0.2 to 0.5 megohm resistance. 

3. During alignment of the transformer primary connect the meter across either of the two load resistors. 
This connection would be from C to D or C to E in the diagram. If one end of either load resistor is 
grounded, connect the ground lead of the meter at the grounded end of the resistor or as near there as 
possible, and connect the high-side lead of the meter at or close to the other end of the same load 
resistor. 
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Fig. 40-3. Instrument connections for alignment of a demodulator transformer. 
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4. Proceed to align the primary trimmer or movable core to obtain maximum reading on the meter. Re-
member to use the lowest meter scale and the least generator output -voltage that allows identifying 

\)( peak voltage. 
S.  During alignment of the transformer secondary change the meter connections. Connect the high-side 

meter lead to the audio output point of the demodulator, point X in the diagram. Connect the low-side 
meter lead to chassis ground or 13-minus in the wiring, according to how the receiver is constructed. 

6. Align the secondary trimmer or movable core to obtain a zero meter reading which occurs in between 
positive and negative peak readings. This is a highly critical adjustment and requires care. Use 
enough voltage output from the signal generator to get distinct positive and negative peaks, then 

make the alignment for zero. This completes adjustment of the demodulator transformer. 

Signal generator connection A would be to the limiter grid if the receiver employs a discriminator or lim-
iter. Otherwise this connection would be to the grid of the last i-f amplifier. When used with ratio detect-

ors this i-f amplifier often is called the driver. 

If the i-f amplifier transformers are not far out of alignment, the high-side of the signal generator may be 
connected to the grid of a preceding i-f amplifier, as at F, or to the signal grid or r-f grid of the converter 
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Fig. 40-4. Connections for alignment of a ratio detector transformer. 

or mixer tube, as at G in Fig. 40-3. Either of these connections increases the strength of the signal reach-
ing the demodulator for any given voltage output from the generator. 

Oftentimes the signal generator connection is made to the grid of the converter or mixer tube and left 
there during alignment of the demodulator and also the i-f transformers. The signal generator will be con-
nected to the grid of the converter or mixer for final alignment of the i-f transformers, and time is saved 
by using this connection for the demodulator also, provided the i-f stages will pass the signal voltage re-
quired at the demodulator. 

A modification of the method just described is as follows. 

1. Same as in first method. 
2. Same as in first method. 
3. For alignment of both primary and secondary in the demodulator transformer connect the meter to the 

audio output point X in Fig. 40-3, and to chassis ground or B-minus in the wiring. 
4. If the meter reads zero, which it may do if the secondary is correctly adjusted, slightly detune the 

secondary until there is a distinct reading.on the meter. 
5. Adjust the primary trimmer or movable core for maximum meter reading. 
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6. Adjust the secondary trimmer or movable core for zero meter reading between positive and negative 
peak readings, just as in step 6 of the first method. 

The next method of aligning the demodulator transformer can be used only with ratio detectors, not with 
discriminators. Fig. 40-4 shows the test connections. 

1. Use the signal generator unmodulated, tuned to the intermediate center frequency. Connect the high 
side of the generator output cable through 0.01 to 0.05 mf fixed capacitor to the grid of the tube pre-
ceding the demodulator transformer, or to the grid of the driver. Connect the low side of the cable to 
chassis ground or to B-minus. 

2. For output measurement use a high-resistance d-c voltmeter or an electronic voltmeter on a d-c range. 
3. Connect the meter across the large capacitor on the load side of the detector, with negative of the 

meter to the negative terminal of the capacitor and positive of the meter to the positive terminal. 
Align the primary of the transformer for maximum reading on the meter. 

4. Change the meter connection to the audio output point of the ratio detector, or to point X in the di-
agrams. Align the transformer secondary for zero meter reading between two peaks. lie sure to get 
on the zero point where there is a rapid shift of the meter pointer with a small change of alignment 
adjustment. « 

After making adjustments by using a high-resistance d-c voltmeter or an electronic voltmeter it is good 
practice to make a check of response at frequencies below and above the intermediate center frequency. 
With the meter still connected as for obtaining zero voltage, change the generator frequency to something 
between 75 and 100 kc (0.075 and 0.100 mc) below the center frequency. Note the voltage reading. Then 
change the generator frequency to exactly the same number of kilocycles or the same fraction of a mega-
cycle above the center frequency. Again note the voltage. The two voltages should be equal or very nearly 
so. If there is any great difference you should repeat all the steps of adjustment for both primary and sec-
ondary. 

The demodulator transformer may be aligned by using an output meter across the voice coil of the speaker 
with the connections shown by Fig. 40-5. If an electronic voltmeter has a range or a switch position for 
measurement of a-c volts it may be used instead of the output meter, employing the same connections. Do 
not forget that when using an output meter or any a-c meter on the voice coil the volume control of the re-
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Fig. 40-5. Alignment connections with output meter on the speaker voice coil. 
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ceiver is to be adjusted for maximum volume.If such meters are used on the plate side of the output trans-
former it will not be necessary to set the volume control for maximum, but only high enough to give dis-
tinct readings on the meter. 

The steps for alignment with this method are as follows. 

The signal generator is to be used with audio modulation, in order to produce indications of audio-
frequency voltage on the meter. Tune the generator to the intermediate center frequency, usually 10.7 
mc. Connect the high side of the generator output cable through a fixed capacitor of 0.01 to 0.05 mf 
to the grid of the tube which precedes the demodulator transformer. 

2. Connect the leads of the output meter or the a-c electronic voltmeter across the voice coil, as shown 
by the diagram. 

3. Make a preliminary adjustment of the transformer secondary for minimum reading on the meter. Since 
the speaker remains connected to the output transformer, there will be sound which is relatively loud 
unless the signal generator voltage is at the center frequency. Tune for a minimum meter reading in 
a comparatively silent zone between two audible zones which you can hear with the transformer tun-
ing slightly off resonance in either direction or with the generator detuned either way from the center 
frequency. 

4. Align the primary of the demodulator transformer for maximum meter reading. In order to have a dis-
tinct meterreading itmay be necessary to slightly detune the secondary, but do not get it further than 
necessary from the minimum voltage point at which the adjustment was set in step 3. 
Realign the secondary for an exact minimum reading on the meter. 

If the output meter is a fairly sensitive type, and is being used with a low-voltage scale, the reading will 
not drop all the way to zero nor will it pass through zero to bring the pointer on the other side. There is no 
steady positive or negative polarity in the alternating audio-frequency voltage being measured, and meter 
reading will increase as the secondary adjustment is changed either way from the point of resonance at the 
center frequency. It will be possible to have three very low readings, one for adjustment below the center 
frequency, a second at the center frequency, and a third for adjustment above the center frequency. Be sure 
to make the final adjustment for the middle minimum reading, at which the drop andrise will be much sharper 
than at either of the other minimums. 

Should you have available an output meter and also a high-resistance d-c voltmeter or electronic volt-
meter it is possible to do an excellent job in a short time by connecting the output meter across the voice 
coil and the othermeterto the audio output point of the demodulator for making simultaneous readings. The 
test setup is as shown by Fig. 10-6. 

The signal generator is connected as usual, to the grid of the tube preceding the demodulator transformer, 
through a capacitor of 0.01 to 0.05 mf. The generator is tuned to the intermediate center frequency. With 
the generator modulated at audio frequency read the output meter while aligning the transformer secondary 
for minimum voltage. Always work on the middle one of the three minimum readings which may be obtained 
by changing the adjustment. 

Now use the signal generator without audio modulation while reading the d-c voltmeter or electronic volt-
meter.Detune the signal generator first below and then above the intermediate center frequency to get peak 
voltage readings on each side of the center. Leave the generator tuning at whichever of these reading; is 
the smaller, and align the transformer primary for maximum voltage reading. 

Instead of connecting the d-c meter or electronic voltmeter to the audio output of the demodulator this 
meter could be connected across either load resistor, as from A to either 13 or C in Fig. 40-6. Then you 
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Fig. 40-6. Demodulator transformer alignment with output meter and d-c meter used together. 

would not detune the signal generator, but would leave it at the center frequency while adjusting the trans-

former primary for a maximum voltage reading. 

Possibly you are beginning to wonder why we describe so many ways of aligning an f-m demodulator. 
Why not describe the one best method and let it go at that? There are several reasons. First, you should 
realize that nearly all service jobs may be performed in any of various ways to produce the same or equi-
valent results. If you learn one way in these lessons, and some other technician uses a different method, 
don't assume that his method is wrong. Every method which has been described is recommended by one or 
more manufacturers of f-m and television receivers. The explanations have been changed only so far as is 
necessary to make all of them suitable for any receiver of construction allowing application of a given 

method. 

Your choice may depend on the kind of equipment available in the service laboratory where you are work-
ing. It may depend on preferences of the superintendent of the laboratory. Some methods are more conven-
ient than others for use on a particular receiver. At any rate, you should understand the operating princi-
ples of the receivers well enough to insert a signal voltage where it is needed and measure the results in 
any way that is appropriate to the job in hand. We won't always take time to explain so many different 
ways of handling one operation, but remember that usually there will be other possible methods. 

Even the order of alignment may be changed. Several manufacturers recommend that you first align the 
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demodulator primary andsecondary in one of the ways previously described, then align the i-f transformers, 
and finally come back to make a precise setting of the demodulator transformer secondary for zero audio 
output at the center frequency for which the i-f transformers actually have been aligned. The reason is 
this: Unless you are working with test equipment of highest quality you won't be sure of making i-f align-
ments to within a few kilocycles of a specified center frequency, and of aligning the demodulator with 
equal precision. But even though you do align the i-f transformers a little bit off a specified frequency, 
everything will come out all right if you align the demodulator to that same frequency. It will later be easy 
to adjust the r-f oscillator to provide a beat which is the frequency you actually have used. 

Fortunately, the average listener isn't too critical of musical reproduction, and will be well satisfied 
with the results of usual alignment rnethods.There are others whose natural perception or musical training 
lets them appreciate and demand the most nearly perfect reproduction, and they know that f-m reception is 
capable of giving such reproduction. 

I-F TRANSFORMER ALIGNMENT. For methods of i-f transformer alignment to be described first we 
shall use the signal generator without modulation, connected as shown by Fig. 40-7. The high side of the 
generator output cable is connected through a fixed capacitor of 0.001 to 0.05 mf capacitance to the grid 
of the tube which precedes the transformer being aligned. That is, for aligning a transformer at A in the 
diagram the generator connection would be made at A, and for aligning a transformer at B the generator 
would be connected at B. 

We commence i-f alignment with the transformer or coupler just ahead of the demodulator transformer, 
then work away from the demodulator until reaching the transformer or coupler whose primary is in the 
plate circuit of the converter or mixer tube. How many transformers or couplers are handled thus will de-
pend on the number of i-f amplifying stages in the receiver. 

CONVERTER 
OR MIXER 

SIGNAL 
GENERATOR 

FIRST 
I-F AMP. 

DEMODULATOR 

LAST I-F 
OR LIMITER 

Fig. 40-7. Connections of the signal generator for aligning i-f transformers. 
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Fig. 40-8. Various points at which a d-c voltmeter or electronic voltmeter may be connected 
for alignment of i-f transformers. 
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VOLUME 
CONTROL 

If the transformers are not very far out of alignment to begin with, the entire job may be done with the 
generator high-side connected to the grid of the converter or mixer, instead of moving the connection back 
as the work proceeds. If the receiver has no r-f amplifier, but has the antenna coupled to the grid of the 
mixer or converter, the signal generator may be connected to one of the antenna terminals through a 300-
ohm carbon resistor instead of through a capacitor. 

No matter where the generator is connected, even if it is to the antenna terminal, the frequency is ad-
justed for the intermediate center value, usually 10.7 mc. In all alignment of i-f amplifier stages the gen-
erator output voltage must be kept as low as will give distinct readings on the meter. Otherwise, if there 
is automatic volume control on any of the i-f amplifiers, this control will prevent getting peak voltages at 
the center frequency. Either the peaking will become very broad or there will be two peaks instead of only 
one. 

Various meter connections for measuring voltage output during i-f transformer alignment are shown in 
Fig.40-8.In every case the meter is a high-resistance d-c voltmeter or an electronic voltmeter used on the 
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d-c range. At A the meter is connected across one of the demodulator load resistors. With a ratio detector 
the connection may be made across either resistor. With a discriminator it usually is found that smoother 
and more reliable voltage indicatIons are obtained across one load resistor than across the other. If one 
end of one discriminator load resistor is grounded, this resistor should be used for measurement. Correct 
polarity for connections depends on which resistor is used and on the type of demodulator. If the first trial 
doesn't give readings up scale on the meter, reverse the connections or change the polarity switch on the 
meter. 

The connection shown at B is across the large capacitor on the load side of a ratio detector. There is 
no equivalent connection for a discriminator. 

The meter shown at C is connected between the avc bus and chassis ground or B-minus. The negative 
side of the meter must go to the bus line and the positive side to ground or B-minus.The avc voltage need 
not necessarily be taken from the ratio detector capacitor, as in the diagram. This voltage may come from 
any source which is farther along in the amplifying and detecting system than the transformer being aligned 
in accordance with the avc voltage. 

At D the meter connection is made between the demodulator audio output point X and ground. To employ 
this connection it is necessary to detune the secondary of the demodulator transformer far enough off reso-
nance to allow distinct meter readings. 

Unless the demodulator secondary is thus detuned the meter would read zero with i-f transformers cor-
rectly aligned. This zero indication would not assure correct adjustment of i-f stages. Of course, the de-
modulator secondary then will have to be readjusted for a zero reading after the i-f alignment is completed. 
This does not constitute an objection to the meter connection at D in Fig. 40-8, since the demodulator 
secondary adjustment always should be checked after i-f alignment is finished. 

The meter connection shown at E is preferred whenever the receiver employs a limiter ahead of the de-
modulator. Limiters are used with a few ratio detector systems, but as a general rule only with discrimin-
ators. The negative terminal of the meter is connected to the grid end or the high side of the limiter grid 
resistor. The positive terminal is connected to chassis ground or 11-minus. Unless the meter is an electronic 
type, connect in series with the negative lead a carbon resistor of 0.1 to 0.5 megohm. If you are in doubt 
as to whether the positive side of the meter should go to chassis ground or to I3-minus, make the connec-
tion to neither of these points but to the cathode of the limiter tube. Then you have grid-to-cathode volt-
age, which is certain to give correct indications. 

The meter connection such as shown at E could be made to the high side of the grid resistor on any i-f 
amplifier tube having grid-leak bias, provided this tube follows the transformer being aligned. You will re-
member that this type of bias often is used for automatic volume control on one or more tubes. With any 
meter connection to a grid resistor on a limiter or any other tube it is important to keep the generator out-
put voltage just as low as will give readable indications of voltage. Otherwise the avc action always will 
flatten the response and prevent making correct peak adjustments. 

With the signal generator and meter connected in any of the ways just described it remains only to ad-
just the secondary and then the primary of each transformer for peak voltage reading. Always change the 
adjustment one way and the other a few times to make certain that you recognize the peak voltage, then 
align precisely on this peak. 

With another method of i-f transformer alignment we use an output meter across the voice coil of the 
speaker. This output meter connection was shown by Figs. 40-5 and 40-6. The signal generator is con-
nected to the grid of the tube preceding the transformer being aligned in each step of the process, as shown 
by Fig. 40-7. The generator is used with audio modulation, as always is necessary when employing an 
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Fig. 40-9. Resistance loading of primary, secondary, or both, on an i-f transformer. 

output meter on the speaker or anywhere on the audio amplifier system. The generator is tuned to the in-
termediate center frequency. It is essential that generator output voltage be kept just as low as will give 
distinct indications on the output meter. 

With signal gen.>rator and output meter connected as described, the next step is to detune the secondary 
of the demodulator transformer enough to allow good readings on the meter as the generator frequency is 
temporarily shifted below and above the center frequency. Now the secondary and then the primary of each 
i-f transformer is aligned at the center frequency for maximum output as shown by the meter. Work on the 
transformers in order from the one ahead of the demodulator back to the one following the converter or mix-
er. Finally, readjust the secondary of the demodulator for minimum reading on the output meter, with the 
generator tuned at the center frequency. 

LOADING OF OVERCOUPLED TRANSFORMERS. In order to broaden the tuning by providing a double-
peaked frequency response many i-f transformers for f-m receivers use overcoupled windings. The mutual 
inductance is great enough to have a material effect on frequency at which resonance occurs. This added 
inductance, combined with the broad frequency response, makes it difficult or impossible to correctly align 
each winding to the same frequency by feeding a signal to the tube ahead of the transformer and measuring 
resulting voltage at points beyond the transformer. 

To get around this difficulty it is the usual practice to temporarily connect a fixed resistor across the 
secondary winding, or else to use a resistor across the secondary while aligning the primary and then to 
use a resistor across the primary while aligning the secondary. One or the other of these expedients will 
allow a single resonant peak sharp enough for accurate alignment. 

A resistor connected across a transformer primary is represented at A in Fig. 40-9. This resistor should 
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Fig. 40-10. Overriding an avc voltage with dry cells connected to the ave bus. 

be connected only across the primary winding, not from the plate of the preceding tube to ground, B-minus, 
or B-plus, where the resistance would be subjected to plate supply voltage. A resistor may be connected 
similarly across the secondary if this is convenient. Otherwise the secondary may be shunted by connect-
ing the resistor from the grid of the following tube to ground or to the cathode of that tube, as at B. Often 
a resistor across the secondary will be sufficient while aligning both the primary and the secondary wind-
ings. The resistor should be used on only one winding of one transformer at a time,on only the transformer be-

ing aligned. 

The smaller the value of the shunting resistor the easier it will be to obtain a peak readingprovided the 
voltage output of the signal generator can be made great enough to give a distinct meter reading. Suitable 
resistances range all the way from 300 ohms to 15,000 ohms or more. If some small value of resistance pre-
vents good meter indications, try a greater resistance. Another way of raising the voltage indicated by the 
meter is to connect the signal generator to the grid of a tube fartherahead of the transformer being aligned, 
unless you already have the generator on the grid of the converter or mixer tube. 

The only practicable way of determining whether or not a transformer is overcoupled is to measure the 
shape of its frequency response or to observe the response with the help of an oscilloscope. It would not 
be easy to determine the degree of coupling,even with the shield or can removed, merely by looking at the 
windings. A transformer probably is owrcoupled if you have unusual difficulty in obtaining a sharp peak 
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Fig. 40-11. Alignment adjustment screws on an i-f impedance coupler ( left) and on an 

i-f transformer ( right) 

of voltage when moving the alignment adjustments, orif there seem to be two voltage peaks when yod shift 
the signal generator frequency very slowly through the normal tuning range of the transformer. The trans-

former most likely to be overcoupled is the one which immediately follows the converter or mixer. 

OVERRIDE OF AUTOMATIC VOLUME CONTROL. When aligning the i-f transformers of receivers hav-
ing automatic volume control for one or more of the amplifier tubes it often is difficult to keep the signal 
generator voltage low enough to allow sharp peaking of the response. 1 his is especially true when the gen-
erator is connected to the grid of the converter or mixer tube, for then there is a large total of amplifica-
tion between this signal input point and anywhere that a meter may be connected. 1 he difficulty occurs 
not only during alignment of f-m receivers, but also when working on a-m sets for standard broadcast re-
ception, and it always has to he guarded against when aligning the video i-f amplifiers of television re-

ceivers. 
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The automatic bias may be overridden or made inoperative by using some dry cells connected as in Fig. 
40-10. This diagram applies specifically to automatic volume control voltage taken from the high side of 
the volume control on a diode detector in an a-m receiver, but the same connection of dry cells may be 
used for f-m receivers. 

At A there are two dry cells connected in series between the avc bus and ground, with the negative ter-
minal of the cells to the bus and the positive to ground. This arrangement places a constant 3-volt nega-
tive bias on all tubes formerly controlled by the avc voltage. This much constant voltage is ample pro-
vided the output of the signal generator is kept fairly low. A single dry cell would provide r/2volts of con-
stant bias, or three cells would provide 4V2 volts, always at the rate of l'/2 volts per cell. 

An adjustable constant bias may be provided with dry cells connected as at R. Three or more cells are 
in series across a potentiometer whose resistance is anything between 5,000 and 50,000 ohms. The posi-
tive end of the series cell group and potentiometer is connected to ground. The slider of the potentiometer 
is connected to the avc bus. Moving the slider toward the negative end of the cell group makes the con-
stant bias more negative. The slider allows making the bias anything between zero and a number of volts 
equal to r/2 times the number of cells. To prevent needless discharge of the cells, disconnect one end of 
the potentiometer when the device is not in use. 

13e sure to connect the source of constant bias, the dry cells, to the avc bus at a point beyond the first 
high-resistance unit, Rf, that is connected to the top of the volume control or to any other source of avc 
voltage. This places the constant bias on the grid return side of this resistor. A high-resistance voltmeter 
or an electronic voltmeter may be connected as usual to the top of the volume control for indicating the 

D 

Fig. 40-12 Alignment tools with screw driver tips ( left), and one type of double core ad-
justment (right). 
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effects of alignment adjustments. When using dry cells in a generally similar way on the avc bus in an f-m 
receiver the signal generator and any meter used for output measurement are connected in ways that have 
been described.Solong as the constant bias is applied to the avc bus so that a high resistance is between 
this bias voltage and the source of avc voltage there will be no interference with readings of any meter 

used for output measurement. 
OUTPUT METER FOR A-M ALIGNMENT. In the lesson which described alignment of a-m receivers for 

the standard broadcast and short-wave bands we obtained indications of output voltage from a meter con-
nected to the high side of the volume control, as in Fig. 40-10. It is possible also to make all alignment 
adjustments on a-m receivers by using an output meter across the voice coil of the speaker. The output 

meter is connected exactly as shown by Figs. 40-5 and 40-6. 

It is more general practice to use an output meter than either a high-resistance d-c voltmeter or an elec-
tronic voltmeter for alignment of a-m receivers. Nearly all volt-ohm milliamrneters or analyzers have one 

a-c voltage range that is suitable for use as an output meter. 

ADJUSTMENTS OF TRANSFORMERS AND COUPLERS. As has been mentioned before, any interstage 
transformer or coupler may be tuned to resonance with either adjustable capacitors or movable cores in 

the windings. Exactly the same methods of alignment are used with either type of adjustment. 

Many transformers and couplers have screw type adjustments such as pictured by Fig. 40-11. These are 
easily aligned with a screw driver made entirely ofhardinsulating material or with one having a very small 

metallic blade carried on a shaft and handle of insulating material. 

Greater care is necessary when the movable cores themselves are slotted at one or both ends, and when 
the alignment tool must be inserted through an opening in the shielding can. There is danger of breaking 
out the slots in the rather brittle core material, and there is danger of stripping the threads on the cores 
or in the parts that carry the cores. Always use an alignment tool on which the tip is flat on both sides and 
on which the extreme end of the tip is square across the entire width. If the tip is too wide it will cut the 
threads of many core supports. A width of 1/8 inch is safe for any adjustment which requires inserting the 

tool into the case or can. 
A thin blade and tip entirely of insulating material is shown at A in Fig.40-12. At B is a small metallic 

tip mounted in an insulating tube for the handle or shank. At C there is a small metallic tip recessed in 

the tubular insulating handle. There are dozens of other styles of alignment tools available. 

There are unusual mechanical constructions used in some transformers. As an example, at D in Fig. 40-
12 there are upper and lower movable cores or slugs in a single insulating tube, with coil windings around 
the outside of each core position.The lower core is solid and has a screw driver slot in its upper end. This 
slot is reached by inserting a narrow shank alignment tool through an opening in the upper core.Tiae upper 
core is adjusted by using a tool with a tip wide enough to reach across the center opening and engage 
notches on either side. In a few cases the adjustments are so inaccessible or otherwise are made in such 
manner as to call for the use of special alignment tools. Such tools, singly and in kits, are sold by radio 

and television supply houses. 
Adjustments quite often are secured against accidental shifting and against unauthorized tampering by 

coating or filling them with some kind of cement. Some of these cements may be loosened by bringing the 
tip of a hot soldering iron close to them while applying moderate pressure on the screw or nut which is to 
be turned. Other cements may be dissolved by lacquer thinner, obtainable at hardware stores, or by spe-

cial cement solvents sold by radio and television supply stores. 
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LESSON NO. 41 

ALIGNMENT OF TUNERS 

GAVhile aligning the tuner section of an f-m receiver, or the f-m tuning circuits of a combination receiver, 
the signal generator is connected to the f-m antenna terminals of the receiver. The results of adjustments 
are indicated by a d-c voltmeter or electronic voltmeter connected to the demodulator output. The signal 
being introduced at the antenna terminals has to pass from the tuner through all the i-f amplifiers and the 
demodulator before reaching the meter. Consequently, it is essential that the i-f amplifier and demodulator 
transformers shall have been aligned before undertaking adjustment of the tuner. 

We desire maximum transfer of r-f signal from generator to tuner circuits, while avoiding distortion of in-
put signal voltages. This requires that the impedance of the generator output cable, where connected to the 
antenna terminals of the receiver be practically equal to the input impedance of the receiver. Input impe-
dance of modern f-m receivers is standardized at 300 ohms. Output impedances of service type signal gen-
erators usually range between 20 and 50 ohms. 

()An impedance match satisfactory for tuner alignment ordinarily is provided by connecting in series with 
the high-side lead of the output cable a carbon resistor of 240 to 300 ohms, as at A in Fig. 41-2. It is pre-
sumed that the output impedance of the signal generator plus the series resistance is approximately 300 
ohms. The same or better results may be had as at R, with a carbon resistor of 120 to 150 ohms in series 
with each of the output cable leads. Any resistor or resistors used in this general manner may be called a 
dummy antenna. 

Some signal generators are provided with a special output cable on thereceiver end of which is a match-
ing pad for bringing the impedance to approximately 300ohms at the clips or prods on the end of the cable. 
At C in Fig. 41-2 is shown such a pad for matching a 50-ohm signal generator to a 300-ohm receiver. No 
additional series resistance is used when there is a regular matching pad. 

The meter used for measurements during tuner alignment is a high-resistance d-c voltmeter or an elec-
tronic voltmeter used on a d-c range. This meter is to be connected at some point where it will indicate 
peak voltage when the tuning capacitors or inductors of the receiver are set for resonance at the f-m car-
rier frequency being furnished by the signal generator. Any of the following meter connections might be 
used: 

(.)9" Across either resistor on the load side of the demodulator, with connections of such polarity that the 
meter reads up scale. 

To the avc bus for f-m reception, with negative of the meter to the bus and positive to ground or B-minus. 
Be sure you connect to the bus for f-m operation, and be sure that the connection to this bus is at a point 
between converter or mixer and the demodulator. 
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Fig. 41-1. The tuner end of a combination fm-am receiver. 

If the receiver uses a ratio detector themetermay be connected to the large capacitor in the demodulator 
load circuit. Be sure to get the negative of the meter to the negative terminal of this capacitor. 

If the receiver uses a discriminator and limiter the meter may be connected to the grid resistor of the 
limiter tube. Connect the negative of the meter to the high side or grid end of the resistor, with the posi-
tive of the meter to ground, B-minus, or the limiter cathode. 

The signal generator is used without audio modulation.The generator and receiver are tuned to the same 
frequency except when specified otherwise in following instructions. For adjustment of the r-f oscillator, 
the r-f to mixer coupler, and the antenna coupler this frequency usually is somewhere between 106 and 108 
mc, preferably at a frequency where no nearby f-m station operates. Alignment sometimes is made at the 
mid-band frequency of 98 mc. 

The first step in alignment is adjustment of the f-m oscillator trimmer or movable core for maximum meter 
reading. With most receivers it is possible to obtain maximum readings at either of two settings of the os-
cillator adjustment. One is the correct frequency, which is higher than the signal generator frequency. The 
other is below the generator frequency. If there is any doubt about this frequency, commence work with the 
adjustment set for the lowest possible frequency, with a trimmer capacitor closed or with a movable core 
all the way into the coil. Then, as you change the adjustment, the first peak will be at the frequency which 
is too low. The second peak will be at the correct frequency. We used this method for alignment of the os-
cillator in a-m receivers. After identifying the correct oscillator frequency, shift the adjustment a little 
ways back and forth to make sure you recognize the true peak of voltage, then leave the adjustment there. 
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Fig. 11-2. \latching generator output impedance to antenna input impedance of an f-m receiver. 

If there is an r-f amplifier, and if there is a tuned coupling between this amplifier and the converter or 
mixer, the next step is alignment of this coupling. Tuned frequencies of the generator and receiver remain 
as when aligning the oscillator. "I he r-f to mixer coupler is adjusted for maximum reading on the meter. 
While making this adjustrrent with the alignment tool in one hand try varying the receiver tuning capacitor 
back and forth to find the point at which there is maximum voltage. This is advisable because any tuning 
in the grid circuit of the converter or mixer may have some effect on oscillator frequency. It may be that 
the pointer of the receiver tuning dial is not at the exact signal generator frequency when there is maxi-
mum voltage.This is not partictrIarly objectionable,but you must make the adjustment for maximum voltage 
regardless of the dial setting. 

Fig. 41-3 is a circuit diagram which includes a tuned impedance coupler between the r-f amplifier and 
the r-f signal grid of the converter. High impedance in the plate circuit of the r-f amplifier is provided by 
the radio-frequency choke coil RFC. li-f signals go to the converter grid circuit through coupling capacitor 
Cc. A parallel resonant variably tuned circuit is between the converter grid and ground. The tuning capac-
itor is marked C. Alignment adjustment is made by the movable core L in the coil. 

Another style of tuned coupling between an rf amplifier and the signal grid of a converter is shown by 
Fig. 11-4. here the coupling is a transformer with variably tuned secondary and untuned primary. Variable 
tuning is by means of the movable core in the secondary winding. The tops of three such movable cores 
may be seen in Fig. 41-1. One core is to the left of the small tube in the foreground, another core is to the 
right of this tube, and the third core is still farther toward the right. 
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Long threaded screws extend upward from each core to a cross bar which is raised and lowered by the 
tuning knob. Alignment adjustments are made by turning the threaded screws in their attachments to the 
tuning bar, thus moving each core up or down as may be required for resonance with the tuning bar in a po-
sition determined by setting of the tuning knob and dial. The three adjustable cores are for tuning the r-f 
oscillator, the coupling between r-f amplifier and converter, and the antenna coupling to the r-f amplifier. 
Only two such adjustable cores are shown in Fig. 41-4, one for the r-f to converter coupling and the other 
for the f-m oscillator coil. The antenna coupling here is untuned. 

When the antenna coupling to the r-f amplifier is untuned, as in Figs. 41-3 and 41-4, alignment of the r-f 
to converter coupling completes the work on the tuner at the frequency first applied from the signal gen-
erator.There are a few f-m receivers which employ an untuned coupling between 1:4 amplifier and converter. 
Then there is a tuned antenna coupling, which is aligned following the r-f oscillator adjustment. 

Whenever there is a tuned antenna coupling its alignment is the final step when using the frequency first 
applied from the signal generator. The receiver tuning dial retrains at the frequency being furnished by the 
generator, and the generator still is used without audio modulation. The antenna coupling is aligned to pro-
duce maximum reading on the meter.It is advisable to vary the receiver tuning dial back and forth to find 
the position which allows maximum meter reading. The adjustment should be turned through the position 
for peak voltage several times to identify the actual peak. Tuning of the antenna coupling will be some-
what broader than that for the r-f to converter coupling, and much broader than that of the r-f oscillator. 

The next step is to change the signal generator frequency to something between 88 and 90 mc, near the 
low end of the f-m band. Then operate the receiver tuning knob and dial to obtain maximum voltage on the 

P-F AMP. 

RFC 

TUNING 

Fig. 41-3. H-f to converter coupling by means of tuned impedance. 
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Fig. 41-4. to converter coupling through a slug-tuned transformer. 

meter. If the frequency indicated by the receiver dial is fairly close to the actual generator frequency the 
processes of alignment may be considered complete, and satisfactory. In a few f-m receivers there is a 
padder capacitor in the r-f oscillator circuit. This capacitor may be adjusted to obtain correct tracking or 
agreement between generator and dial frequencies at the low end of the dial. As with all padder adjustments 
it will be necessary to work back and forth between this adjustment and those made at the high-frequency 
end of the band to get the best possible overall results. 
- 
C There are some receivers having adjustable trimmer capacitors across the tuned coils and having also 

movable cores in one or more of these coils.The capacitor trimmers are used for alignment at the high end 
of the band, and the movable cores are used for alignment at the low end of the band. The cores are equi-
valent in action to padder capacitors, and alignment must be checked alternately at the high and low ends 
of the frequency range until obtaining the best settings at bath ends. 

There will be some cases in which dial indications at the low-frequency end of the band are far out of 
line after making correct high-frequency adjustments, and in which there are no padders or movable cores 
to allow independent alignment at the low frequencies. This situation often may be handled by either spread-
ing or squeezing the turns of one or more tuning coils. This can be done with all self-supported coils and 
also with many coils which are wound on smooth forms. Spreading the turns a little farther apart will make 
it possible to reach higher frequencies, while pressing the turns closer together will allow bringing in lower 
frequencies. 

Change of coil inductance by altering the spacing between turns will change the high-frequency tuning 
more than the low-frequency tuning so far as number of mega-cycles is concerned. The process may be be-
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Fig. 41-5. A loop antenna used for a-m reception. 

gun with the high-frequency trimmers in their center positions while altering the coil turns to get agreement 
between generator and dial frequencies at the low end. The trimmers then may allow adjustment at the high 
frequency end. It is necessary to continue working between the upper and lower frequencies to obtain the 
best possible average tuning. 

The relative positions of all parts and all wires in f-m tuners are critical. The least change in the po-
sition of a resistor, capacitor, or inductor, or moving a wire connection, may completely upset your align-
ment adjustments. All wire connections carrying r-f currents are short, and usually are run as directly as 
possible. Grid wires, plate wires, and coupling capacitors should be kept away from chassis metal. Ca-
thode wires, screen wires, and bypass capacitors often are close to chassis metal. Wires going to the un-
grounded sides of bypass capacitors are to be considered as in r-f circuits. 

V--. After completing an r-f alignment job all the way from the demodulator to the antenna you should re-check 
all the adjustments. Make certain that the demodulator primary is aligned for maximum output and the sec-
ondary for zero output at the center frequency. Check the peaking of i-f transformers at the center fre-
quency. Finally check the tuning of the r-f oscillator and of r- f to mixer couplings and of antenna to r-f 
couplings at two or more positions of the tuning dial. 

LOOP ANTENNAS. In an earlier lesson explaining the alignment of a-m receivers it was specified that 
the antenna is to be disconnected and the signal generator connected to the antenna terminals during tuner 
adjustments. Those instructions apply specifically to receivers operated with outdoor antennas or indoor 
antennas which are not housed within the receiver cabinet. Such external antennas are used with some re-
ceivers for the a-m standard broadcast band and with many short-wave a-in receivers. 

The majority of small a-m standard broadcast receivers and combination fm-am receivers are fitted with 
a permanently attached or built-in loop antenna for a-m reception. Such an antenna is not disconnected for 
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a-m tuner alignment, but is used for signal pickup as will be explained later. Sig. 41-5 is a picture of a 
loop antenna permanently mounted on the rearof the chassis of a combination fm-am set. This loop antenna 
is used for a-m reception. A separate antenna of the "dipole" type is used for f-m reception. 

Fig. 41-6 is a circuit diagram showing an a-m loop and an f-m dipole connected through a band switch to 
the grid circuit of an r-f amplifier. The loop antenna is essentially an inductance coil of large dimensions. 
This loop inductance is tuned to resonance at the received carrier frequency by an adjustable trimmer cap-
acitor and a variable tuning capacitor, just as any other inductance might be tuned. 

The loop conductors or turns are in the moving magnetic fields which are part of the radiated electro-
magnetic signal waves coming from a-m transmitters through the space in which the receiver and its loop 
are located. The magnetic lines cut through the conductors which form the right-and left-hand sides or ends 
of the loop, and emf's at signal frequencies thus are induced in these conductors. 

The electromagnetic signal wave from the a-m transmitter moves outward in all directions. Any small 
portion of the wave front may be represented as in Fig. 41-7. There are electric or electrostatic lines of 
force which move up and down vertically at the carrier frequency. There are magnetic lines of force which 
move one way and the other horizontally at the carrier frequency. While all this is happening, the wave as 
a whole moves forward at approximately the speed of light, about 186,000 miles per second. 

If the plane of the loop is in line with the direction of wave travel, as in Fig. 41-7, the magnetic field 

  F-M ANTENNA 
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Fig. 41-6. Connections of an a-m loop and an f-rn dipole antenna to the r-f amplifier. 
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Fig. 41-7. Electric and magnetic fields of an a-m broadcast electromagnetic signal wave. 

lines cut first through the conductors on the side of the loop which is toward the transmitter. A minute frac-
tion of a second later the magnetic lines cut through the side of the loop which is away from the trans-
mitter. 

The length of conductor cut by the magnetic lines on one side of the loop is the same as the length on 
the other side. Consequently, the induced emf's are equal on both sides of the loop. The width of the loop 
from side to side is so little, and the velocity of the wave front so great, that emf's induced in both sides 
will be of the same polarity except at the instants in which there are reversals of field line direction. 

Now we have the conditions represented at the left in Fig. 41-8. Daring one instant the induced emf's 
act in an upward direction in both sides of the loop, as at .1. When the direction of the magnetic lines re-
verses in the carrier wave the induced emf's act downward in both sides, as at q. So far as the output ter-
minals of the loop are concerned, the emf's in the two sides oppose each other in direction. Since the two 
emf's are equal it might seem that they should cancel and leave zero output. 

The slight difference in times at which the oncoming wave front cuts the two sides of the loop saves the 
day. There is a slight phase difference between the two induced voltages. This is shown atC in Fig. 41-P. 
The emf induced in the side of the loop which is nearer the transmitter has a slight lead over the emf in-
duced in the far side. When these two voltages combine at the output of the loop they do not quite cancel, 
but produce a net output voltage as shown at D. Unless the width of the loop were very great in relation to 
the wavelength in space of the carrier signal the net output voltage from the loop would be nowhere near 
as great in relation to the separate voltages as shown by Fig. 41-P, but it is great enough to satisfy the 
needs of a reasonably sensitive radio receiver. 
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Signal voltage obtained from a loop increases withgreaterwidth of the loop, because the greater the dis-
tance traveled by the signal wave between opposite sides the greater is the phase difference of emf's in-
duced in the two sides. Output signal voltage is increased by making the loop higher, for then there are 
greater lengths of conductor being cut by magnetic lines of force on both sides, and induced emf's are pro-
portional to the cutting. Output voltage is increased also by using more turns of conductor in the loop, for 
this too increases the total length of conductor being cut by the magnetic lines. 

Inductance of the loop is increased by more turns, by greater height, and by greater width. Only so much 
inductance can be used, because with more and more inductance we must use less and less tuning capaci-
tance to reach given frequencies of resonance, and soon the tuning capacitance becomes too small to al-
low covering the broadcast band of frequencies. 

Signal voltage from a loop increases at higher received frequencies. The higherthe frequency the shorter 
becomes the wavelength of the signals in space. For a loop of any given width this means a greater phase 
difference between emf's induced in the opposite sides. Were it possible to make the loop as wide as a 
half wavelength of the received carrier the emf's in opposite sides would be 180 degrees out of phase or 
in phase. Then the emf in one side of the loop would act upward while the emf in the other side is acting 
downward, and the two emf's would add together in the output rather than opposing each other as in Fig. 
41-8. A half-wavelength loop for 1,000 kilocycles would be 492 feet wide. 

A loop has rather pronounced directional properties. When the plane of the loop is in line with the di-
rection of signal wave travel, as at A in Fig. 41-9, there is maximirn signal output voltage from the loop 
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Fig. 41-8. Effects of emf's simultaneously induced in the two sides of a loop. 
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Fig. 41-9. Directional properties of a loop. 

MINIMUM 

terminals. This is because, with the loop in this position, the signalwave travels the maximum possible 
distance between opposite sides of the loop, there is maximum phase difference between emf's in opposite 
sides, and maximum resulting voltage. 

With the loop turned at an angle to the direction of wave travel, as at B, there is a shorter time interval 
between instants at which the wave front cuts opposite sides of the loop. Then there is less phase differ-
ence between the emf's, and a lesser output voltage. With the loop turned broadside to the direction of 
wave travel, as at C, the wave front cuts both sides of the loop at the same instant, there is zero phase 
difference between the two emf's, and the loop pickup drops to zero. Even with the loop broadside to the 
direction of wave travel the signal input to the receiver circuits does not drop to zero, for the loor still 
acts in the manner of any ordinary outdoor or indoor antenna and picks up some signal effect from the el-
ectrostatic field of the signal wave. 

Nearby broadcasting stations are reéeived almost equally well with the loop in any position except very 
nearly broadside to the direction of wave travel. With the exact broadside position there is a fairly sharp 
minimum of reception. Distant stations are satisfactorily received only with the loop edgewise or nearly 
edgewise to the direction of wave travel, as at A in Fig. 41-9. Signal pickup falls off very rapidly as the 

loop is turned to any other position. 

' A receiver having a built-in loop often is provided with an additional terminal for connection of an out-
door or indoor antenna which may be used in connection with the loop. This extra antenna terminal inar be 
connected through either a capacitor or a resistor to any point on the grid circuit of the r-f amplifier which 

connects to the loop through the band switch in the a-m position. 
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Fi g. 41-10shows another method of using an external antenna with a built-in loop. There are two or three 
additional turns of conductor around the outer edge of the loop. These turns are connected between the ex-
ternal antenna and ground. Then these external antenna turns act like the primary winding of an antenna 
couplingtransformer.The turns of the loop act as the secondary winding of this transformer, which is tuned 
to resonance by the usual trimmer and variable tuning capacitors. 

The diagram of Fig. 41-10 shows a loop connected to the grid circuit of a converter tube. Fig. 41-6 
shows a loop connected to the grid circuit of an r-f amplifier. One diagram applies to a combination fm-am 
set, and the other applies to a straight a-m set. The different diagrams are used to illustrate that a loop 
may be used for a-m reception with any type of receiver. 

ALIGNMENT WITH LOOPS. When aligning the tuner sections of receivers equipped with built-in loop 
antennas the signal from the generator is introduced through the loop, which remains connected to the in-
put grid circuits. There may be enough signal pickup through the loop when you merely place the high-side 
end of the signal generator cable within a few inches of the loop, with the low side end left free. There 
will be greater pickup if the low-side end of the cable is connected directly or through a fixed capacitor 
to the receiver chassis. 

EXTERNAL 
ANTENNA 

CONVERTER 

Fig. 41-10. An external or Marconi antenna coupled to a loop by means of added turns on 
the loop support. 
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Fig. 41-11. Using a dummy loop for radiation of signals to a receiver loop. 

If the loop support carries additional turns for an external antenna, as in Fig. 41-10, the signal gener-
ator may be connected to the external antenna terminals, with the external antenna disconnected. For al-
ignment in the standard broadcast band the high side lead from the generator may be connected to the an-
tenna terminal through fixed capacitance of about 1,000 mmf, or the connection may be direct. For short-
wave alignment the high-side lead should be connected through a carbon resistor of 270 to 300 ohms. 

The usual way of introducing a signal into the receiver loop is to use a dummy loop on the end of the 
generator output cable, as shown by Fig. 41-11. This loop may be made of any insulated wire that will be 
self-supporting, such as hookup wire or bell wire. Use two to four turns wound to a diameter somewhere 
between six and twelve inches. This dummy loop is placed one to three feet from the receiver loop, with 
the planes of the two loops parallel with each other. The ends of the generator output cable may be con-
nected directly to the ends of the dummy loop, or a fixed capacitor of about 1,000 mmf may be used in 
series with the high-side lead. 

The same dummy loop is used for all frequencies in the standard broadcast band, also for the short-wave 
bands. Place this loop as far from the receiver as will allow distinct readings on the meter used for align-
ment measurements. The farther apart the two loops are placed the weaker will be the signal picked up by 
the receiver, but the sharper will be the peaks of meter readings, and the adjustments are more likely to 
prove satisfactory for normal reception. Whatever may be the initial separation between the two loops it 
must not be altered during the entire process of tuner alignment. If you have to change the separation in 
order to increase or decrease the signal pickup, start the alignment all over again. 

Instead of using either a loop or an external antenna, some receivers are fitted with rigid rods, metal 
plates, wire mesh screens, and other special devices for signal pickup. A dummy loop usually will be sat-
isfactory for furnishing a signal through any of these special antennas, although it may be possible to ob-
tain easier peaking with a dummy antenna of the same general form as the one used on the receiver. That 
is, for a receiver using a rod antenna, connect a similar rod to the high-side lead of the signal generator, 
for a metal plate antenna use a similar plate on the generator, and so on. 
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Fig. 41-12. Slotted end plates on the rotor of a tuning capacitor used for a-m reception. 

You may run into difficulty in obtaining tracking of signal generator frequencies and receiver dial fre-
quencies at both ends of the reception band when using a loop. The trouble usually could be overcome 
were it possible to alter the inductance of the loop to obtain tracking at the low-frequency end, while using 
the regular capacitance trimmers for adjustments at the high- frequency end. A few loops are constructed 
in such manner that one or more turns on the outside or inside may be moved farther from or closer to the 
other turns to vary the inductance. 

Some tuning capacitors used for the standard broadcast band have slotted rotor plates at both ends of 
the group for making small changes of capacitance at various points in the tuning range. Fig. 41-12 is a 
picture showing such slotted rotors. When the capacitor is assembled these rotor plates are on the outside 
of the end stator plates. By bending the rotor sections between slots away from the stators the capacitance 
is reduced and the resonant frequencyisraised over whatever portion of the tuning range has been covered 
by the sections that are bent. 

Only the section of the rotor plate which is at the bottom in the picture would be 
plate for the high- frequency end of the tuning range, so bending this section would 
tuning quite materially. It would affect tuning at lower frequencies only to a limited 
would be greater areas of the plates in mesh and the bent section would be a smaller 
Bending the following section would have a material effect on tuning just below the 
The next section would affect tuning just below the center of the range, and the last 
the picture) would chiefly affect the low-frequency tuning. 

in mesh with a stator 
affect high-frequency 
extent, for then there 
fraction of the whole. 
high end of the band. 
section ( at the top in 

The regular types of adjustable trimmer capacitors usually are provided in addition to the slotted rotor 
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plates. The trimmers ordinarily are relied upon for high-frequency alignment, while the rotor plates may be 
bent to improve tracking at the middle and low frequencies. The rotor plates can be bent far enough from 
the stators to cause considerable reduction of capacitance, but they cannot be bent much closer to the 
stators (to increase the capacitance) without danger of short circuits between the two kinds of plates. 

OUTDOOR AND INDOOR ANTENNAS. Were we discussing radio receivers and reception in some year 
around 1925 the subject of outdoor antennas for a-m signals would be of major importance. Receivers of 
that day had little gain in themselves, and plenty of signal voltage from the antenna was needed to produce 
anything worth while from the speaker. Modern amplifier tubes have such high trans conductances that pres-
ent day standard broadcast receivers need only a few microvolts of signal from any type of antenna to de-
liver all the sound volume that can be used when transmitters are not too distant.Although outdoor and in-
door antennas are not used for many broadcast receivers, we should examine the performance of such an-
tennas as it differs from that of loops. Outdoor and indoor antennas are of the Marconi type, more often 
spoken of as open antennas or capacitance antennas. These names refer to antenna systems of which the 
earth or ground is an essential part. 

Some of the characteristics of a-m signal waves were mentioned in connection with Fig. 41- 7. Radiation 
of these waves is carried out in such manner that the electric field lines are vertical. Such a wave is said 
to be vertically polarized. The term wave polarization refers to the direction of the electric or electrostatic 
component of the electromagnetic wave. For energizing the loop antenna we utilize the magnetic field lines, 
which act horizontally, but for energizing theMarconi antenna we utilize the vertically acting electric field 
lines. Incidentally, for f-m broadcast and for television video transmission we use waves that are horizon-
tally polarized, with the electric field acting in a horizontal direction. 

A Marconi antenna system is illustrated in principle by Fig. 41-13. The antenna consists of an elevated 
conductor, usually a long wire, which is connected to the earth or ground through a lead-in conductor, an 
inductance in the receiver circuits, and a ground wire. The elevated conductor and the conductive earth 
act like the two plates of a large capacitor. Electric field lines of the moving signal wave act vertically 
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Fig. 41-13. how the electric field of the a-m signal wave charges the Marconi antenna. 
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Fig. 41-14. An outdoor Marconi antenna with its fittings and accessories. 

between these capacitor plates, charging the plates alternately in opposite polarities at the frequency of 
the signal. The charges induced on the elevated conductor and the conductive earth have potential differ-
ences that cause current at the signal frequency to flow through the inductance which is in the receiver 
circuits. This is all we need to introduce signal currents and voltages into the receiver. 

The elevated conductor may be a wire 50 or more feet in length supported high above the ground out of 
doors, or it may be only a few feet of wire or of any other conductor in the room where the receiver is lo-
cated. The ground connection may be made to cold water pipes which extend from the building into sir-
rounding earth, or it may be to a metal rod driven a few feet into moist earth, or it may be to the receiver 
chassis and thence directly or through capacitors to the power and light wiring, in which one side always 
is grounded. 

When the elevated conductor of a Marconi antenna is no more than 10 to 15 feet above the ground level 
it is subjected to electric and magnetic fields radiated from all manner of electrical devices. These elec-
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trical impulses are picked up by the antenna and amplified in the receiver to produce noise at the speaker. 
The higher the elevated conductor is raised the farther it is above all kinds of electrical interference. Fur-
thermore, the radio signal waves are much stronger at greater elevations, they have not been so attenuated 
by passing through many obstructions. 

o have a satisfactorily high ratio of signal to noise the elevated conductor must be high up. Otherwise 
t ere is no particular advantage in using this type of antenna. A long antenna wire will bring in more sig-
nal than a shorter wire, but the long wire may also bring in a disproportionate amount of noise and give 
poorer results than a relatively short wire. Much of the success in using a Marconi antenna depends on 
having connections of low resistance throughout the system and on getting the ground wire connected to 
some pipe or other conductor that goes down into earth that remains permanently moist the year around. 

Since the lead-in wire from the elevated conductor to the receiver has to come down through a region of 
rather strong electrical interference in most localities this wire may pick up a lot of interference. Such 
trouble may be greatly reduced by using shielded wire for the lead-in, with the outer shield connected to 
ground at the receiver end. 

Several features of antenna installations are illustrated by Fig. 41-14. The elevated conductor, called 
the antenna wire, is supported by insulators which, in turn, are supported from any immovable solid parts 
of buildings or other structures. The antenna wire usually is bare copper of seven strands, each consist-
ing of a size between gauges number 22 to 26. Solid enameled wire may be used in gauge numbers 12 or 
14. 

Antenna insulators most often are of glazed porcelain or of glass whose smooth surfaces do not encour-
age dirt deposits. The sections or forms may be straight cylindrical or square, or may be ridged to increase 
the length of current leakage path. Diameters vary from 5/8 to 1 inch and lengths run from about 3 to 12 
inches. 

The lead-in or down-lead conductor in the illustration is a continuation of the antenna wire. A separate 
lead-in ordinarily is of numberl8stranded copper wire with rubber or composition insulation. If the lead-in 
is not a continuation of the antenna wire the joint between them should invariably be soldered. Otherwise 
there will be corrosion from long exposure to air and atmospheric impurities with resulting severe loss of 
signal strength. 

The lead-in is prevented from making contact with building or supporting structural elements by means 
of stand-off insulators, of which many types are available. The one illustrated consists of a loop on the 
outer end of a wood-screwshank, with a rubber or composition insulating bushing held in the loop and en-
closing the lead-in wire. These stand-offs are used at as many points as may be necessary to keep the 
conductor in the clear. 

A lightning arresterapprovedby the Underwriters' Laboratories always should be used between the lead-
in and ground wire for an elevated outdoor antenna. Some arresters consist of a small air gap between two 
metal points mounted on or inside of insulation. Lightning discharges will jump the gap and go to ground, 
but signal voltages will not do so. The gap may be in open air or in a vacuum. Other arresters have a high 
resistance element which diverts signal voltages through the receiver but allows discharge through it of 
atmospheric electricity. Still others make use of a small neon bulb which forms an open circuit for signal 
voltages but breaks down and conducts at potential differences exceeding about 100 volts. 

The ground wire which connects to the receiver and to one side of the lightning arrester may be of the 
same material as the lead-in wire or may be uninsulated. The ground wire is preferably of number 12 gauge 
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or larger in diameter. Aluminum wire often is used for grounding. The ground wire usually is fastened to a 
ground clamp that fits on or around any cold water pipe in the building. Cold water pipes are conductively 
continuous with piping that goes underground to water mains. Hot water pipes and gas pipes sometimes 
are interrupted by insulating joints, and do not form satisfactory grounds. If a cold water pipe is not ac-
cessible its place may be taken by a ground rod. This usually is a copper plated steel rod 3/8 to 1/2 inch 
in diameter, about four feet long, pointed at one end and having a wire clamp at the other end. The ground 
rod is driven down to permanently moist earth and the ground wire is fastened to the upper exposed end. 

At the lower left in Fig. 41-14 are two styles of insulators for bringing the lead-in conductor indoors so 
that connection may be made to the receiver. The upper illustration shows a window strip consisting of an 
insulated flexible copper strap which is very thin, about 1/2 inch wide, and about 10 to 12 inches long. 
This strip is laid across the window silland the window closed down on it. A spring clip on one end holds 
the lead-in conductor while a similar clip on the other end holds the wire going to the receiver. A clip of 
this style used out of doors does not long maintain a good electrical joint, it corrodes and then has high 
resistan ce. 

The feed-through insulator consists of a metal stud, threaded on both ends, which is passed through an 
opening 1/4 to 1 inch diameter in a thin wall, partition, or panel. The opening is closed on both sides 
with insulating housings held in placebynuts and washers on the ends of the stud. The lead-in is clamped 

Fig. 41-15. Some of the mounting positions which may be used for a rod antenna. 
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under the outer washer and the wire to the receiver under the inner washer. The ends of both wires should 
be fitted with solder lugs. 

ROD ANTENNAS. Vertical or inclined rod antennas which are somewhat similar to the whip antennas 
for automobile radios may be used for standard broadcast and short wave reception. A few of the many 
possible installation positions are shown by Fig. 41-15, at the left, on a window frame; at the center, on 
a vent stack; and at the right, on a side wall. Parapet walls, roof ridges, and chimneys may be used. Rod 
antennas usually are carried by an adjustable bracket which allows rotation and any angle between hori-
zontal and vertical. The position will depend on the kind of support which is available, on necessary clear-
ance from surrounding objects, and on suiting the position to the best possible reception. 

The rods usually are of telescoping construction, with maximum lengths of 6 to 20 feet or even more. 
Materials are steel, aluminum, or bronze, sometimes plated with cadmium, nickel, or chrome. Rod antennas 
may be used on receivers equipped with loops. The two antennas may give increased signal strength from 
certain directions in which the response of the loop along would be near its minimum. 
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LESSON 42 THE TELEVISION SIGNAL 

We are well acquainted with the principles of tuning, amplification, and detection employed in both a-m 
and f-m sound receivers. All these principles are used in television receivers. The television tuning sys-
tem is a superheterodyne type. Television sound is f-m sound, with i-f amplifiers and demodulators like 
those in f-m receivers. Television picture signals are amplitude modulated, and after being amplifier these 
signals are demodulated by the familiar diode detector. All our study of A-M and F-M receivers has pro-
vided a foundation for study of television receivers, which we now are ready to undertake. 

The best possible introduction to the whole subject of television receivers will be for you to read over 
again the first three lessons, where we talked about the requirements for picture reproduction and about 
how these requirements are met. Your reviewing of those lessons will make it possible to omit all the pre-
liminary explanations which ordinarily would be needed right here, and we can get down to the real busi-
ness in hand without delay. 

SCANNING. According to present standards for black and white picture transmission one complete pic-
ture is traced during each 1/30 second of time.One complete picture is called a frame. There are 30 frames 
per second, so the period for one frame is 1/30 second. The frame frequency is 30 per second or 30 cycles 
per second. 

During the first half of each frame period, or during the first 1/60 second, only half of the horizontal 
lines required for a complete picture are transmitted andtraced onthe screen of the picture tube. As shown 
at the upper left in Fig. 42-2, only every alternate line is traced during this period. The electron beam in 
the picture tube is started fromthe upperleft-hand corner of the picture space and braces the first horizontal 
line, from 1 to 1. This is called an active trace, because the electron beam is causing the phosphor of the 
picture tube screen to become luminous. 

Next the electron beam is blanked or shut off. Voltages or currents which cause horizontal movement of 
the beam return to the values which place the beam at the left side of the picture space. Were the beam not 
blanked, these voltage or current changes would have moved the beam from the end of line 1 to the begin-
ning point for line 3 of the picture.This is called a horizontal retrace. When it comes time to start the next 
luminous line, number 3, the blanking ceases and the beam traces the luminous line from left to right on 
the screen. Active traces and intervening retrace periods continue for the odd numbered lines in the pic-
ture until the beam reaches the lower right-hand corner of the picture space, at A on the diagram. To sim-
plify the diagram only a few traces and retraces are shown. Actually there would be about 244 traces dur-
ing the period of time here represented. 

While the electron beam is being deflected or swept horizontally by one current or voltage it is being 
moved gradually downward by another current or voltage.We have been examining the first downward de-
flection, which has consumed a total time of about 15,493 microseconds, or millionths of a second. 
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Fig. 42-1. A turret tuner for television receivers. The left-hand tube is a twin-triode oscillator and 
mixer. At the right is the r-f amplifier. 

At point A the beam is blanked. Almost immediately the current or voltage which has caused downward 
movement reverses its polarity, and, were the beam not blanked, it would move the beam upward. The first 
vertical blanking period is shown at the upper right in Fig. 42-2. While one current or voltage is of polarity 
to move the beam upward, the current or voltage which has caused horizontal deflection continues to act. 
The vertical and horizontal currents or voltages act in a manner which would move the beam from A to B 
and thence on upward in a zig-zag path to point C, which is half way across the picture space. This ver-
tical blanking period, during which vertical retrace occurs, takes up about 1,174 microseconds of time. 

The downward deflection during whi ch on ly alternate picture lines are formed is called one field. The field 
plus the following vertical blanking period, consume a total time of 16.667 microseconds, or 1/60 second. 
This is just half the time period for one frame. There are two fields or field periods iii every frame. Field 
frequency is 60 times per second, or 60 cycles per second. 
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Fig. 42-2. Traces and retraces during scanning of the two fields in one frame. 

When the deflecting currents or voltages reach values which would bring the beam to point C at the end 
of the first vertical blanking period the beam is again turned on. Then the beam starts from point C for the 
second downward vertical deflection and traces a half line to the right. Here we have begun the second 
field. This second field must begin with a half line, otherwise there would not be correct interlacing. In-
terlacing is the action by which active lines of the second field are traced midway between active lines of 
the first field in order to climplete the picture or the frame. 

If you examine the two diagrams at the left in Fig. 42-2 it is apparent that active line 2 will fall midway 
between lines 1 and 3, that line 4 will fall midway between 3 and 5, and so on. Because of persistence of 
vision we see all the lines of both fields at once, and detail in the picture is just as good as though the 
lines were traced consecutively instead of alternately. We notice no flickering effect, because each field 
forms a picture complete enough to be recognizable, and the result is as though we had 60 pictures per 
second instead of only 30. If we actually did have 60 complete pictures per second, with all lines traced 
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consecutively, the rate of line transmission would have to be twice as fast. That is, instead of having 244 
active lines in 1/60 second we would have to have 488 lines. There is plenty of difficulty in handling 
the lower line frequency allowed by interlacing, and there would be much more difficulty were this frequen-
cy to be doubled. 

The second vertical downward deflection is completed with active lines and retraces as shown by the 
diagram. The last active line in this field ends half way across from left to right. Then the beam is cut off 
for the next vertical blanking period. The vertical blanking commences at D, and ends with the deflecting 
currents or voltages of such vclues as would bring the beam at the upper left-hand corner of the picture 
space, at point 1. Now the beam is again turned on and commences tracing the first active line of the next 
field, as in the diagram for the first vertical deflection. So the action continues so long as the receiver 
operates. 

The entire action illustrated by Fig. 42-2 occurs during one frame period or during 1/30 second. In each 
field there have been 244 active lines and accompanying retraces, also enough h orizontal change s o fd eflecting 
currents or voltages occur to have produced lezadditional lines and retraces during one vertical blanking 
period. If you add these figures, and multiply by 2 for the two fields of a frame, the total will be 525 hori-
zontal lines and retraces for the frame. The time required for one active line and one retrace is called a 
line period. There are 525 line periods, usually spoken of as 525 lines, per frame for standard black and 
white picture transmission and reception in television. In 1935 the standard was 343 lines per frame. Later 
it was raised to 441 lines. Since 1940 the standard has been 525 lines. Many people think it will go as 
high as 1,000 lines in the future. 

IlVith 525 lines, or line periods, per frame and with 30 frames per second, the line frequency must be the 
product, or 15,750 lines or cycles per second. For correct adjustment of many service instruments you must 
remember these frequencies. 

EQUAL HORIZONTAL AND 
VERTICAL DEFINITIONS 

LESS HORIZONTAL 
DEFINITION 

4111111111111•1111111•111111MIIMIlk 
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Fig. 42-3. Ideal and practical degrees of horizontal definition. 
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Frame frequency 
Reid frequency 
Line frequency 

30 cycles per second 
60 cycles per second 

15,750 cycles per second 

nhen there are 525 line periods per frame the number of luminous horizontal lines in the picture will be 
close to our assumed value of 488. This is true regardless of the picture tube size. On a big tube the lines 
are farther apart, and on a small tube they are closer together. To have pictures appear in equal detail or 
definition you have to sit farther from a large tube than a small one, if the number of lines actually is the 
sameileproduction systems in receivers having small picture tubes usually are not as good as in big sets, 
and the possible advantage of very close line spacing may not be fully realized in the small job. 

.); As originally viewed in the camera tube the image of every televised scene is of such proportions that 
the ratio of width to height is 4 to 3 or 4/3. This is called the standard aspect ratio. To show everything 
viewed in the original scene the reproduction on the picture tube screen must have this same aspect ratio. 
The picture might be 4 inches wide and 3 inches high, or 8 inches wide and 6 inches high, or 16 inches 
wide and 12 inches high, or of any other dimensions conforming to the standard ratio. We shall have more 
to say about actual picture sizes when discussing the subject of masks for picture tubes. 

TELEVISION ChANNELS. For a-m standard broadcast transmission the sideband frequencies for audio 
modulation may extend as much as 5,000 cycles or 5 kilocycles below and above the carrier frequency, 
necessitating channels 10 kilocycles wide. For f-m broadcast the frequency deviations may go to 75 kilo-
cycles below and above the center frequency, which is provided for by channels 200 kilocycles wide. Now 
let's determine the frequency width required for a television broadcast channel. 

In Fig. 42-3 a picture screen area is ruled off into a few horizontal spaces which may represent the path 
travelled by the electron beam to form a large number of horizontal traces actually used on the screen. No 
object can be shown in sharp detail if its horizontal edges or boundary lines cover less space than one 
horizontal trace. If this degree of detail reproduction is to be equalled for vertical edges or boundaries, 
the vertical lines may be no wider than a trace is high. To attain such definition the "elemental areas" 
of the picture would be considered as squares whose sides equal the height of one trace. If there are 488 
traces from top to bottom, and an aspect ratio of 4 to 3, there would be 650 areas crosswise. 

In practice we do not need such good horizontal definition but, as shown lower in the diagram, may have 
minimum horizontal changes half again as great as the vertical changes from trace to trace. Instead of 650 
possible changes of shading horizontally we then would have only 433 such changes. Each change from 
light to dark and back to light, or from dark to light to dark, would require one cycle of picture signal volt-
age. The 1.33 horizontal changes would require 216'4 or, to avoid fractions, 217 cycles of picture signal 
voltage for each horizontal trace. One horizontal trace takes up only 5/6 of a line period, which includes 
a retrace, so figuring on the time per line period we would have a maximum of 260 cycles of picture signal 

There are 525 line periods per frame. Even though some are used during vertical retraces, we still must 
multiply by 525 to determine the maximum frequency. There are 30 complete frames each second. Then the 
maximum signal cycles per second would be the product of 260 (cycles per line) by 525 (lines per frame) 
by 30 (frames per second). This comes to 4,095,000 cycles per second or about 4 megacycles per second. 
This would be the frequency for one sideband in the transmitted signal. Two sidebands would require 8 
megacycles.In the sanie channel would have to be room for the accompanying sound signal and small guard 
bands above and below all modulation. Yet television channels are only 6 megacycles wide, including pic-
tures, synchronizing, sound, and guard bands. 

VESTIGIAL SIDEBAND TRANSMISSION. For ordinary double sideband transmission the frequencies in 
a television channel would have to be arranged as at the top of Fig. 42-4. Each of the sidebands for am-
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Fig. 42-4. The difference between double sideband transmission and vestigial sideband transmission. 

plitude-modulated picture and sync signals would be 4 mc wide. F-m sound deviation for television is a 
maximum of only 25 kc below and above the sound cattier frequency, for a total of 50 kc or 0.05 mc. This 
sound carrier is 0.5 mc above the highest picture frequency. Above the sound carrier there is a 0.25 mc 
guard band, and below the lowest picture frequency is a 0.5 mc guard band to prevent interference with ad-
jacent channels. The total width of the required channel would be 9.25 mc. 

The lower diagram shows how channel width is reduced while preserving the signals. We must realize, 
to begin with, that amplitude modulation frequencies in a lower sideband are the same as in the accom-
panying upper sideband. The same modulating frequencies are simultaneously transmitted in both side-
bands. If we omitted one of the sidebands completely the carrier still would be transmitting exactly the 
same modulation. 

For television we do not cut off an entire sideband, but do cut off all but 0.75 mc of the lower-frequency 
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Fig. 42-5. How double strength of low-frequency transmission is evened out in the i-f amplifier re-
sponse of the receiver. 

sideband while leaving the upper sideband in its full 4.0 mc width. The partial lower sideband is called a 
vestigial sideband. Placement of the sound carrier, and the widths of lower and upper ward bands are the 
same as before. Certain of the frequency differences shown here must be remembered during service work. 
First, and most important, the sound carrier always is exactly 4.5 roc higher than the video carrier, which 
is the carrier for picture and sync signals. The video carrier always is 1.25 mc above the lower limit of 
the channel. The sound carrier always is 0.25 mc below the upper limit of the channel. 
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All the modulating frequencies between zero and 0.75 mc are transmitted in both sidebands, as is made 
evident in the curve of transmission characteristic at the top of Fig. 42-5. This much of the modulation is 
transmitted and received in double strength. The remainder of the modulation, from 0.75 to 4.00 mc, is 
transmitted and received in single strength.Weretheresponse of the receiver to be similar in shape to this 
transmission characteristic the signals delivered from the detector of the receiver would have twice as 
much amplitude for the low frequencies as for the high frequencies. This would distort the pictures. 

The unequal strengths at various frequencies in the received signal is evened out in the receiver by 
making the frequency response of the i-f amplifierforvideosignals as nearly as practicable like that shown 
down below in Fig. 42-5. Gain applied for the video carrier is 50 per cent of maximum. At a frequency 0.75 
mc lower than the carrier the gain is zero, and at 0.75 mc above the carrier the gain is 100 per cent. Gain 
increases at a uniform rate between these limits, and remains at 100 per cent for all frequencies from 0.75 
mc above the video carrier to 4.00 mc. 

Examine the gains applied to frequencies equally below and above the video carrier, which will be the 
sanie frequency so far as signal modulation is concerned. 

At 0.75 mc below. Gain 0 At 0.375 mc below Gain 25% 
At 0.75 mc above. Gain 100% At 0.375 mc above. Gain 75% 
Total gain. 100% Total gain 100% 
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Fig. 42-6. The composite signal is amplitude modulation on the carrier. 
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Fig. 42-7. Voltage levels and features of horizontal sync pulses. 
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No matter what modulation frequency you examine, the total of gains at this frequency below and above 
the carrier frequency always will be 100%. At the smallest frequency which could be measured below and 
above the carrier the two gains would be approximately 50% each, and the total would be 100%. For all 
modulation frequencies higher than 0.75 mc the response is 100%. These are the frequencies transmitted 
and received in single strength. 

The response shown at the bottom of Fig. 42-5 is the one you will strive to attain when aligning the i-f 
amplifier for video frequencies in television receivers, In this i-f amplifier the video carrier frequency will 
have been changed to the video i-f frequency by action of the mixer tube. The chief objects of i-f align-
ment will be to get the video intermediate frequency at or near the point of 50 per cent gain, to have a cut-
off before reaching the sound intermediate frequency at one end of the response, and to have a cutoff no 
more than 1.25 mc from the video intermediate frequency at the other end of the response. 

THE TELEVISION SIGNAL. The complete television signal transmitted in any one channel includes am-
plitude modulation for pictures and synchronizing, also frequency modulation for sound. Other than being 
transrniuzd within the same 6-megacycle channel the sound signal is an entirely separate thing and is not 
related to the signal carrying pictures and synchronization. This latter amplitude-modulated signal may be 
called the composite television signal or simply the television signal. Still another name is video signal. 
The Latin word video means to see and is commonly used as a prefix to denote anything related to tele-
vision parts, circuits or pictures. 

The composite television signal forms the modulation envelope of the carrier amplitudes, as shown at 
the left in Fig. 42-6. It forms also the envelope of the intermediate-frequency signal, after the composite 
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signal has passedthrough the mixer tube. When the i-f signal is demodulated by the diode detector or video 
detector of the television receiver we recover the signal voltages themselves, as shown at the right. 

Depending on whether the i-f signal is applied to the plate or cathode of the diode detector we may re-
cover either side of the envelope. With the i-f signal applied to the detector plate the composite signal 
taken from the detector cathode has the sync pulses positive and picture signals negative. With reversed 
detector connections we have picture signals positive and sync pulses negative. Both methods are used, 
as we shall see later on. 

Note that in the modulated carrier the tips of the sync pulses are at maximum amplitude, while the black 
level and all picture-forming signals are at lesser amplitudes.The greatest signal strength or greatest am-
plitude is used for synchronizing, which helps keep the reproduced pictures in time with viewing at the 
camera. The lightest parts of the pictures are carried by the weakest amplitudes in the transmitted signal. 
This method is called negative transmission.Were the sync pulses to be at weakest amplitudes, and white 
parts of pictures at maximum amplitudes, we should have positive transmission. 

Fig. 42-7 illustrates the meanings of the various "levels" which designate relative voltages of the com-
posite television signal. The tips of all sync pulses are at maximum or 100% voltage above zero. This 
voltage might be either positive or negative with reference to zero, depending on whether the sync tips are 
positive or negative. 

The black level is at approximately 75% of maximum voltage. It may vary by no more than 2'4% either 
way from 75%. Note that the black level corresponds to a definite amplitude of modulation on the carrier, 
it does not vary with changes of tone or of light and shade in the picture. This level corresponds to car-
rier amplitude produced when the television camera is scanning a black area in the original scene. A black 
level voltage in the receiver does not necessarily cause black at the picture tube, but it should cause the 
least brightness of any area in the picture. The black level sometimes is spoken of as the blanking level, 
because this and any greater voltage cuts off or blanks the electron beam in the picture tube. The voltage 
range of the sync pulses, from 75% to 100% of maximum, often is called "blacker than black". 

Some parts of the signal related to horizontal sync pulses are shown at the right in Fig. 42-7. The sync 
pulse occurs during the first part of the horizontal blanking interval. First there is an exceedingly brief 
front porch at the black level, followed by the sudden increase of voltage called the leading edge of the 
pulse. It is this leading edge, not only of horizontal pulses but of all other sync pulses too, that times 
the action of the sweep oscillators and thus times the horizontal or vertical sweeps of the electron beam 
in the picture tube.The part of the voltage waveform on which the horizontal pulse appears to be standing 
is the pedestal. For this reason, the black level sometimes is called the pedestal voltage. 

Fig. 42-8 shows some of the things which must be done to maintain synchronization during the vertical 
blanking interval between the end of one field and the beginning of the next field. At the left-hand end of 
the waveform at the top is shown the signal for the last three lines in a field. Then comes the relatively 
long vertical blanking interval. At a time equal to three line periods after the beginning of vertical blank-
ing comes the vertical sync pulse. This pulse lasts as long as three line periods, since its voltage must 
continue long enough to charge a rather large capacitance. 

Although there are no picture signal voltages between the end of one field and the start of the next one, 
we continue the horizontal sync pulses right through the entire vertical blanking period. This is necessary 
in order to keep the horizontal sweep oscillator synchronized or timed with the received signal. If these 
horizontal pulses were to stop during vertical blanking, the horizontal sweep oscillator would get sa far 
out of time that the appearance of many fields and frames would be ruined before the signal-could restore 
synchronization. 
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) Fig. 42-8. Horizontal synchronization is continued throughout the vertical blanking period. 

We wish to maintain horizontal synchronization through the long vertical sync pulse, so we serrate this 
pulse as shown by the lower waveform. To serrate anything means to put notches in it. In the serrated 
vertical pulse have been inserted three gaps, after each of which comes a leading edge to operate the hor-
izontal sweep oscillator. The leading edges are identified by short broken lines.You can see how horizon-
tal synchronization continues all through the vertical blanking interval. 

Even though the composite signal as so far developed provides for both horizontal and vertical synchro-
nization, it still would not permit starting alternate fields at the beginning of a line and at the center of a 
line, or it would not provide for interlacing. To meet this requirement we must make the further additions 
and modifications shown by Fig. 42-9.A series of six equalizing pulses has been inserted between the end 
or bottom of the first field and the vertical sync pulse, and a similar series of equalizing pulses follows 
the vertical pulse. We also have increased the number of serrations in the vertical sync pulse. The equal-
izing pulses occur at half-line intervals, as do also the serrations in the vertical sync pulse. 

The upper waveform shows the signal for the last three lines at the bottom of the first of two fields, then 
the first vertical blanking interval during which there is a vertical retrace, and then the lines at the top of 
the second field. Noté that the first field ends with a full line, and the top of the second field commences 
with a half line. The lower waveform shows the signal for the bottom of the second field, which ends with 
a half line, then shows the second vertical blanking interval, and finally the top of the first field or next 
field, which begins with a full line. The change from a full line to a half line in the upper waveform is 
made by using a half-line interval between the final equalizing pulse and the following regular horizontal 
sync pulse. The reverse change, from a half line to a full line in the lower waveform, is made by using a 
full-line interval between the final equalizing pulse and the following regular horizontal sync pulse. 
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Fig. 42-9. The complete composite signal during the two vertical blanking periods of one frame. 

Short broken lines identify the leading edges of all the pulses that maintain uninterrupted synchroniza-
tion of the horizontal oscillator. These leading edges continue the horizontal sync timing through both 
vertical blanking intervals in spite of the interlacing. Of the equalizing pulses preceding the vertical sync 
pulse, only the first, third, and fifth control the horizontal oscillator during the upper waveform. Only the 
second, fourth, and sixth equalizing pulses control the horizontal oscillator during the lower waveform. 
The intervening equalizing pulses, also the unused serration edges in each of the vertical sync pulses. 
have no effect on the horizontal sweep oscillator. This is because at these intervening times the oscilla-
tor circuit is so far from conditions suited for oscillation that nothing is accomplished by these other lead-

ing edges. 

Note that all the sync pulses, including horizontal, vertical, and equalizing, are at signal voltages higher 
than the black level. All the picture signals are at voltages below the black level. It is this difference be-
tween voltages that allows separating picture signals from sync pulses and using the picture signals for 
control of beam current in the picture tube. It also allows separating the sync pulses so that they may be 
used for control of the sweep circuits. These separations are accomplished by plate current cutoff and 
plate current saturation in tubes of the sync section of the receiver. 

Note also thatthe duration of a horizontal sync pulse is much less than that of a complete serrated vert-
ical sync pulse. In addition, the horizontal pulses occur at a frequency of 15,750 cycles per second while 
vertical pulses have a frequency of 60 cycles per second. The difference in frequency and in duration al-
lows separating the two kinds of pulses in suitable filter circuits of the sync section. Then voltages from 
the horizontal pulses are fed to the horizontal sweep oscillator, while those from the vertical pulses go to 

the vertical sweep oscillator. 

THE TELEVISION RECEIVER. What the receiver does with the composite signal is illustrated by Fig. 
42-10. Carrier-frequency signals come from the antenna to the tuner. In the tuner are one or more r-f ampli-
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fiers, an r-f oscillator, and a mixer, all of which act in the same general way as similar tubes in any other 
superheterodyne tuner. There is some amplification. Carrier frequencies are changed to intermediate fre-
quencies by action of the oscillator and mixer, and the intermediate frequencies retain the original f-ro 
modulation for sound and the a-m modulation for pictures and synchronization.The tuned circuits are made 
resonant for frequencies to be received by means of the channel selector knob or dial attached to the tuner. 
Many receivers have an additional tuning control for the r-f oscillator circuit. This usually is called a fine 
tuning control. It allows the operator to compensate for slight variations of oscillator frequency, as may 
occur while the set is in operation. 

The f-m sound signal may be taken off by a suitable coupler which immediately follows the tuner, or this 
signal may be given further amplification in i-f stages and then taken off at any of various points farther 
along in the signal path.The parts of the sound section are just like the i-f amplifiers and the demodulators 
we studied in connection with f-m receivers, except for operating at different frequencies. 

Modulated intermediate frequencies go from the tuner to the i-f amplifier, in which may be three, four, or 
more i-f amplifier pentodes and necessary couplers. If the sound signal is taken off immediately after the 
tuner, the i-f amplifier stages are designed to handle only the video intermediate frequency. If the sound 
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Fig. 42-10. Travels of the composite signal and its parts through the television receiver. 
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Cd 

Fig. 42-11. Resistance- capacitance coupling as used in audio amplifiers ( left) and in video 
amplifiers ( right). 

signal passes through some i-f stages before being taken off, these stages are designed to handle both 
sound i-f and video i-f signals while following stages are designed for only the video i-f signals. If the 
sound signal is taken off after the video detector all the i-f stages are designed for both video and sound 
coverage. The video detector most often is one section of a twin-diode tube, although in a few receLvers 
this detector is a crystal diode. 

In the video amplifier section are one, two, or possibly three pentode amplifier tubes. This amplifier 
must handle an extremely wide frequency range, all the way from the frame frequency of 30 cycles per sec-
ond up to the highest picture element frequency of 4 megacycles per second. This requires that the video 
amplifier be of the broad band type, with special design and construction to allow reasonably uniform gain 
at all the frequencies which must be handled. 

The basic resistance-capacitance coupled circuit forvideo amplifiers is shown at the left in Fig. 42-11. 
This is the same circuit used for audio-amplifier stages and other untuned couplings. The plate circuit 
load is resistor Ro. Coupling is through capacitor Cc. The grid return is through resistor Rg. 

Parts added for broad band response are shown in the right-hand diagram. Between the first plate and 
the coupling capacitor is a peaking coil L. Another peaking coil is in the B+ lead for the plate circuit. 
These "peakers" help maintain uniform response through the higher video frequencies. Below the regular 
plate load resistor Ro are resistor Rd and capacitor Cd, which are selected of such values as to maintain 
low-frequency response in connection with the operation of Cc and Rg. 

The entire composite signal has been brought from antenna through the video amplifier and now is ap-
plied to the grid-cathode circuit of the picture tube. This is the circuit that controls the rate of electron 
emission from the cathode and regulates the rate of electron flow in the picture tube beam. 

Either side of the modulation on the i-f signal may be recovered by the video detector, as shown at the 
left in Fig. 42-12. But the signal at the grid of the picture tube must be of such polarity that the picture 
variations are positive and the sync pulses negative. This is accomplished by connecting the detector to 
the i-f amplfiers in such a way as gives a detector output which, combined with whatever inversions occur 
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Fig. 42-12. Picture signal variations must be positive at the grid of the picture tube. 

in the video amplifier, makes the signal of correct polarity at the picture tube. The picture tube grid is 
biased with reference to its cathode at a voltage causing beam current cutoff at the black level of the sig-
nal.Thus the negative sync pulses are cut off while the positive picture signals control the electron beam 
in the picture tube. 

Looking back at Fig. 42-10, you will see that the composite signal from the video amplifier is fed to the 
sync section as well as to the picture tube. Many operations may be performed on the signal between the 
instants of entering the sync section and passing on to the sweep sections. Some of these operations are 
illustrated by Fig. 42-13. 

If, as in diagram A, the signa is of such polarity that sync pulses are positive and picture variations 
negative it is possible to separate and retain the pulses while cutting off the picture portion of the signal. 
This may be done in a sync separator tube having grid bias sufficiently negative for plate current cutoff 
at the black level voltage of the applied signal. 

If the signal is too weak it may be amplified, as at B. Amplification may be applied to the sync pulses 
after they have been separated, or it might be applied to the incoming composite signal, or at any other 
paint in the sync section where the signal needs strengthening. 

Should the signal be of an unwanted polarity at any point it can be inverted, as in diagram C. Inversion 
of polarity requires nothing more than passage of the signal through a tube from control grid circuit to plate 
circuit. Inversion may be applied to the entire signal, as illustrated, or to only the sync pulses after they 
have been separated. 

Sometimes the sync pulses become of non-uniform strength or voltage, as at D. This may happen when 
certain kinds of electrical interference enter the receiver and get all the way through to the sync section. 
Then the unequal pulses are clipped or limited to bring them to uniformity. This can be done by plate cur-
rent cutoff, plate current saturation, or both, much as in the limiter stage of an f-m receiver. 
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Finally,asatE in Fig. 42-13, we have horizontal, vertical, and equalizing pulses all suitably separated, 
amplified,clipped, and limited if necessary. All the pulses are fed into two electrical filters. One of these 
'.1ters gets rid of the horizontal and equalizing pulses, and from the serrated vertical pulse produces a 
peak of voltage. These peaks occur at the field frequency of 60 cycles per second. The other filter is un-
affected by the long portions in the serrated vertical pulse, but from the horizontal pulses, equalizing 
pulses, and leading edges of the vertical serrations it produces sharp " pips" of voltage at the line fre-
quency of 15,750 cycles per second. The 60-cycle voltage peaks go to the vertical sweep section. The 
voltage pips at 15,750 cycles go to the horizontal sweep section. 

Each of the sweep sections contains a sweep oscillator. These oscillators operate on principles quite 
different from those employed in the r-f oscillator of the tuner. Whereas the r-f oscillator produces a steady 
output voltage of sine-wave form, the sweep oscillators produce intermittent voltages of sawtooth wave-
form. The sawtooth voltage results from a gradually increasing charge in a capacitor and the very sudden 
discharge of this capacitor. The sawtooth capacitor charges from the 13-power supply. Discharge is con-
trolled by the sweep oscillator. Every time a voltage from the sync section acts on the grid of the sweep 
oscillator, the oscillator acts to discharge the sawtooth capacitor. Then from the vertical sweep oscillator 
we have sawtooth waves at the vertical deflection frequency of 60 times or cycles per second, and from 
the horizontal sweep oscillator we have sawtooth waves at the horizontal deflection frequency of 15,750 
cycles per second. 

A - SEPARATE 

C - INVERT 

[ 1 
Www 

E — ALL SYNC PULSES 

B - AMPLIFY 

D - CLIP OR LIMIT 

VERTICAL 
60 CYCLES 

HORIZONTAL 
15.750 CYCLES 

Fig. 42-13. What the sync section does with the composite television signal. 
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Fig. 42-14. Some of the parts in a high-voltage power supply. 

In the sweep sections of most receivers the oscillators are followed by sweep amplifiers which increase 
the amplitude of the sawtooth voltages. When the picture tube is of the magnetic deflection type the sweep 
section includes transformers and coils which utilize the sawtooth voltages to control sawtooth currents 
required for this method of beam deflection. In magnetic deflection systems we find a damper tube whose 
purpose is to limit oscillation which will occur in the transformer and coil circuit at a frequency deter-
mined by its inductance and distributed capacitance. 

In the horizontal sweep section for 
oscillator frequency which keeps this 
when interference and other electrical 
controls sometimes are used in vertical 
flection. 

magnetic deflection picture tubes there is an automatic control for 
frequency precisely in time with the horizontal sync pulses even 
disturbances tend to upset the synchronization. Similar automatic 
magnetic deflection systems,and sometimes with electrostatic de-

The oscillator automatic frequency control compares the actual frequency of the sawtooth output with 
the frequency of the horizontal sync pulses from the signal. Any variation is made to produce a voltage 
which corrects the timing of the oscillator, to bring it back into synchronization with the pulses. Some of 
these correction systems utilize discriminators. Others use phase detectors, which are related in their ac-
tion to ratio detectors and discriminators. Also, in these automatic frequency control systems, you will 
find many principles used nowhere else in radio or television. 

The outputs of the vertical and horizontal sweep sections go to the deflection plates of an electrostatic 
picture tube or to the deflection coils of a magnetic picture tube. To the picture tube elements, or anodes, 
which accelerate the electrons in the beam, are applied voltages which range from3,500 to 13,000, depend-
ing on the type and size of picture tube. These voltages come from the high-voltage power supply of the 
receiver. 
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Fig. 42-15. Typical operating controls for a television receiver. 
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Fig. 42-14 is a picture of parts in a " flyback" 9,000-volt power supply used with magnetic deflection 
tubes.This unit is fed with about400 volts from the low-voltage B-supply, it uses a very high emf induced 
during the horizontal retrace period, then steps this emf up in an auto-transformer whose high-potential a-c 
voltage is rectified and filtered. Other high-voltage supplies use an oscillator to produce radio-frequency 
voltages that are stepped up in an air-core transformer, then rectified and filtered. 

TELEVISION CONTROLS AND ADJUSTMENTS. Controls which usually are made accessible to the op-
erator of a television receiver are shown by Fig. 42-15. Shafts for the knobs protrude through the front of 
the chassis. Potentiometers in the controlled circuits are twin types, with concentric shafts and large and 
small concentric knobs for two controls in each position. At the left is a combined off-on switch, tone con-
trol, and volume control. The tone control is not used in all receivers. Some of the operator's controls may 
be concealed with a small panel, as indicated by the broken line around the four controls at the center of 
Fig. 42-15. Purposes of the controls are as follows. 

HOLD CONTROLS. The vertical hold control adjusts the frequency of the vertical sweep oscillator to 
permit its synchronizing with the vertical pulses. This control holds the picture stationary in a vertical 
direction preventing continual or intermittent movement upward or downward. The horizontal hold control 
adjusts the frequency of the horizontal sweep oscillator so that horizontal pulses can maintain synchroni-
zation. This control prevents the picture moving sideways in either direction, either slowly or rapidly. 

Contrast Control. This control varies the amplification applied to the signal. Correct operation allows a 
full range of shadings from black to white. Vihen adjustments of contrast and brightness controls are suited 
to each other, objects which should appear black will actually be black rather than dark gray, and objects 
which should be white will be so, rather than light gray. 
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Brightness Control. This control adjusts the grid biasing of the picture tube for cutoff at the black level. 
Correct adjustment prevents sync pulses from affecting the picture,while not cutting off any of the picture 
signal variations. Brightness adjustment affects the all-over tone of the picture, making it either too light, 
too dark, or in correct proportion to the scene being viewed. 

Channel Selector. A knob, dial, or series of push buttons tunes the r-f amplifier, r-f oscillator, and mixer 
circuits for reception of any desired channel. 

Fine Tuning. This control will make slight variation of r-f oscillator frequency as may be required for 
best reproduction of pictures, sound, or both. 

Service adjustments which are not accessible to the operator usually are on the rear of the chassis, as 
in Fig. 42-16, or they may be on top or underneath the chassis. In addition to the service adjustments 
shown here there are numerous alignment adjustments for the tuner, i-f amplifier, and sound sections. These 
alignment adjustments are reached from the top, bottom,or front of the chassis. The controls of Fig. 42-16 
are described as follows. 

Centering. Vertical centering brings the center of the picture to the center of the opening for the picture 
tube measured in a vertical direction. This control moves the picture up or down. Horizontal centering 
serves a similar purpose in moving the picture to the right or left. Centering for magnetic-deflection tubes 
often is accomplished by adjustments of parts which are on the neck of the tube rather than by circuit ad-
justments located on the chassis. 

Focus. The focus adjustment permits forming the smallest possible spot of light at the point where the 
electron beam strikes the picture tube screen. The picture then has good definition or good reproduction of 
small details. 

Linearity. This word refers to shapes and relative sizes of lines and objects in the reproduced picture 
these lines and objects are related to the original scene or its image in the camera. When the reproduced 
picture is linear it is not distorted in form, shape, or proportions. A non-linear picture is distorted in one 
or more ways. Horizontal linearity adjustments are intended for correction of sidewise distortion, such as 

CENTERING 
VERT. HOR. FOCUS DRIVE 

rde 

HOR. I 

SIZE 

VERT. 

HOR. VERT. 

LINEARITY 

Fig. 42-16. Service adjustments, other than those for alignment, which may be on the chassis. 
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stretching or compressing in a horizontal direction. Vertical linearity adjustments correct for distortion in 
an up and down direction. Linearity adjustments most often act to improve or correct the form of sawtooth 
voltages and currents in the sweep section. 

Drive. A drive control acts on the amplitude of sawtooth voltages or currents. This affects both linearity 
and size of reproduced pictures. 

Size. The horizontal size control makes the picture either narrower or wider, while the vertical size con-
trol makes the height either greater or less. These two adjustments may be called the width control and 
the height control. Size, centering, and linearity controls are used together to make the picture just fill 
the opening of the mask placed in front of the picture tube. 

Now that we know something about the relations of television receiver parts to one another, and what 
these parts are supposed to do with the television signal, we shall commence at the tuner and make de-
tailed examination of everything that happens until we reach the picture tube. 
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TELEVISION TUNERS 

The functions of the television tuner are the same as those of the tuner in any other superheterodyne re-
ceiver; it selects the carrier having the desired program and changes the carrier frequencies into inter-
mediate frequencies which retain the signal modulation. In the television tuner there always is an r-f os-
cillator and a mixer tube. Also, in all except a few early designs, there is at least one r-f amplifier and 
often there are two. 

The wide range of carrier frequencies to be covered in television introduces some problems not present 
in a-m and f-m sound broadcast reception. At present there are five channels, numbered 2 through 6, in the 

range of television carrier frequencies called the low band. There are seven more channels, 7 through 13, 
in the range called the high band. Channel limits, also frequencies of the video and sound carriers, are 
listed in the accompanying table. 

TELEVISION CHANNEL FREQUENCIES 

Channel Frequency Video Sound 
Number I imits, mc. Carrier, mc. Carrier, mc. 

2 54 to 60 55.25 59.75 
3 60 to 66 61.25 65.75 
4 66 to 72 67.25 71.75 
5 76 to 82 77.25 81.75 
6 82 to 88 83.25 87.75 

7 174 to 180 175.25 179.75 
8 180 to 186 181.25 185.75 
9 186 to 192 187.25 191.75 
10 192 to 198 193.25 197.75 
11 198 to 204 199.25 203.75 
12 204 to 210 205.25 209.75 
13 210 to 216 211.25 215.75 

In the wide frequency gap between the top of the low-band and the bottom of the high-band television 
channels there are f-m broadcasting and many other radio services. If we were to tune uninterruptedly over 
the entire range of frequencies from channel 2 through channel 13, using " straight line" variations of cap-
acitance or inductance, the tuning dial would be divided as at the left in Fig. 43-1. With straight-line fre-
quency tuning we should have a dial as at the right. 

Tuners of recent design employ either of two methods to avoid tuning all through the frequency gap be-
tween low and high band television channels. With one method there are tuned circuits which may be made 
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Fig. 43-1. Distribution of channel frequencies on dials. 

resonant only to the particular frequencies of each channel, and not to any intermediate frequencies. This 
is done by means of switches having positions for each channel. With the other method there is continuous 
tuning throughout the low band, then a switching to circuits for the high band, followed by continuous tun-
ing through the high band. 

Any frequencies between 30 and 300 megacycles are classed as " very-high" frequencies, a terni which 
often is abbreviated VITF, v-h-f, or vhf. Television channels 2 through 13 are in this very-high fre-
quency range. Any frequencies from 300 through 3,000 megacycles are classed as " ultra-high" frequen-
cies, all.reviated 11W, u-h-f, or uhf. Television channels 11. through 83 cover frequencies between 1.70 
and 890 megacycles, which is the " ultra-high" frequency range. A television station operating in this 
frequency range is referred to as a UHF' station. A thorough discussion on li111; fundamentals, antennas, 
and tuners will be given later in the course. 

Although tuners fora-m and f-m soundbroadcastreceivers nearly always are an integral part of the chassis 
construction, the majority of television tuners are separate devices which may be removed as self-contained 
units from the chassis after disconnecting the wiring leads. 

Literally there are dozens of different types of television tuners in use. Before proceeding to a detailed 
examination of some of the more popular designs it will be helpful to look at the relatively few fundamental 
electrical features and mechanical constructions which are put together in various combinations to form all 
the different types. 

Most tuners have a single r-f amplifier tube, a mixer, and an r-f oscillator, as at the left in Fig. 43-2. The 
oscillator circuit A always is variably tuned in one way or another for reception in each channel. As a gen-
eral rule there is variable tuning also for both the mixer grid circuitB and for the r-f amplifier plate circuit 
C, although in a few cases only one or the other of these circuits is variably tuned, with the other circuit 
coupled to it but untuned. The r-f amplifier grid circuit or antenna coupling circuit D may or may not be 

A 
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Fig. 43-2. Circuits which are tuned between antenna and mixer. 

variably tuned; there are just about as many receivers built one way as the other. There may be three sep-
arate tubes for r-f amplifier, mixer, and r-f oscillator, or else there may be one r-f amplifier tube and one 
additional twin tube for mixer and oscillator. 

Some television receivers have two r-f amplifier stages. Then, as at the right in Fig. 43-2, it is common 
practice to have an untuned coupling between antenna and grid circuit of the first r-f amplifier. This is fol-
lowed by a single variably tuned impedance coupler between the two r-f amplifiers, then a variably tuned 
circuit for the plate of the second r-f amplifier and one for the grid of the mixer. As always, there is a var-
iably tuned r-f oscillator circuit. The two r-f amplifiers are separate tubes, with usually a twin tube for 
combined mixer and oscillator. 

TUNER DESIGN AND CONSTRUCTION 

VARIABLE 
FACTOR 

OPERATION BY MEANS OF TYPE OF TUNING ELEMENTS SELECTION IN 

Rotary selector switch Continuous inductors 
Separate inductors Each channel 

in ductance 
Rotary turret Separate inductors Each channel 

Sliding contacts Continuous inductors Two bands 

Movable cores Inductors for each band Two bands 

Capacitance 

Movable rotors Variable capacitors Two bands 

Rotary selector switch Separate trimmer capacitors Each channel 

Push-button switches Separate trimmer capacitors Each channel 

A classification of designs and constructions commonly used in television tuners is shown by the ac-
companying table. The first column shows that either the inductance or the capacitance of the tuned cir-
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SWITCH WAFER 

Fig. 43-3. Rotary selector switch for short circuiting portions of an inductor through tap connections. 

cuits may be variable. The second column shows that inductance may be varied by either a rotary selector 
switch, rotary turret, sliding contacts, or movable cores in inductance coils. Capacitance may be varied 
either by movable capacitor rotors as in usual types of tuning capacitors or by making connections to any 
of a number of pre-adjusted trimmer type capacitors through a rotary selector switch or push-button switches. 
The third column lists inductor and capacitor designs. The fourth column lists methods of channel selec-
tion. 

The design listed across the upper line of the table includes a rotary selector switch and continuous in-
ductance. To illustrate the principle of this method of tuning we shall look at the single impedance coup-
ling between an r-f amplifier and a mixer as at the left in Fig. 43-3. Tuning inductance is here provided by 
a series of coils or inductors which are electrically continuous. Various portions of this total inductance 
are short circuited by means of taps connected to terminals on one of the waferso f a rotary selector switch. 
There is one switch position for each channel. The unshorted portion of the inductance remains active in 
the tuned circuit. Capacitance for tuning is provided by distributed capacitance in the inductors, internal 
capacitances of the tubes, and stray capacitance in wiring and switch parts. 

Shorted inductor construction often is shown on service diagrams as at the right in Fig. 43-3. The switch 
rotor usually is represented by an arrowhead which very apparently is intended to move along the tap con-
nections. Both diagrams in the figure represent exactly the same construction. 
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The switch is shown in position for reception of channel 6. All inductance below tap number 6 is short 
circuited through the switch rotor and the connection for channel2 and B-plus at the bottom. All inductance 
above the tap for channel 6 is actively in the plate circuit and, with capacitance of coils, tube, switch, 
and wiring, this inductance provides tuned impedance in the plate circuit at a resonant frequency suited 
for reception of channel 6. When the switch rotor is moved to its position for channel 13 only the top sec-
tion of the inductance remains active. With the switch in position for channel 2 all the inductance is act-
ively in the plate circuit, with none shorted out. 

Tuning capacitance is nearly the same for all channels, since the greater part of it is found in the tube, 
the switch, and the wiring. The least active inductance is needed when tuning to the highest-frequency 
channel, number13, More and more inductance must be brought into the circuit for tuning to lower and lower 
frequencies of channels having lower numbers, down to channel 2. 

If we assume an unvarying total tuning capacitance of 10 micro-microfarads it will require inductance of 
about 56 thousandths of a microhenry to produce resonance at the center frequency of channel 13. This is 
a frequency of 213 mc. To change to the center frequency of channel 12, at 207 mc, it is necessary to add 
only about 3.3 thousandths of a microhenry inductance. To change the tuning all the way through the high-
band channels and arrive at 177 mc, the center frequency of channel 7, we need add a total of only 25 
thousandths of a microhenry to the amount needed for tuning channe113. This means that 81 thousandths of 
a microhenry brings us to channel 7. These changes of inductance are shown to scale at the top of Fig. 
43-4, starting from the left. 

CHANNELS TO WHICH TUNED 
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Fig. 43.4. Inductors for tuning high-band and low-band channels, as mounted on a wafer in a selector switch. 
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Fig. 43-5. Rotary selector switch with connections to taps on inductors. 

There is a big frequency gap between channels 7 and 6. To bring our tuning down to the center of channel 
6, at 85 m c, we must add about 270 thousandths of a microhenry inductance, making the total 351 thousandths. 
To reach the center of channel 5 takes another 55 thousandths of a microhenry. Now, if you look back at 
the table of television channel frequencies, you will see that channels 5 and 4 are not adjacent. There is 
a 4-mcgap between the bottom of channel 5 and the top of channel 4. Because of this gap, and because fre-
quency is becoming steadily lower, it is necessary to add 126 thousandths of a microhenry in order to tune 
for channel 4, making a total of 532 thousandths. Then, to reach channel 3, the total inductance must be 
made 638 thousandths, and to reach channel 2 it must be 779 thousandths of a microhenry. 

In tuners built with rotary selector switches it is common practice to mount the tuninginductance around 
the edges of the stationary switch wafers, Such an arrangement is illustrated at the bottom of Fig. 43-4. At 
the upper left is a small coil of two or three turns providing the inductance for tuning channel 13. The ad-
ditional very small inductances needed for tuning through remaining high-band channels are furnished by 
short lengths of straight or slightly bent wire connected between successive contacts of the switch. For 
the frequency jump between channels 7 and 6, or from high band to low band, there is a rather larger coil 
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of possibly 10 to 12 turns. Then, in order, come other coils having diameters and numbers of turns which 
provide the required additional inductances for tuning the low-band channels. 

Fig. 43-5 is a picture of a tuner wherein a rotary selector switch makes tap connections to inductances 
for the r-f amplifier plate circuit, the mixer grid circuit, and the r-f oscillator circuit. Just ahead of the rear 
plate of the frame or shield you can see a number of the small self-supporting coils which are in the r-f 
amplifier plate circuit for low-band tuning. Near the middle of the tuner are similar coils for low-band tun-
ing of the mixer grid circuit. Toward the front are oscillator coils wound on tubular forms. 

Fig. 43-6 illustrates another type of rotary selector switch which short circuits portions of the tuning 
inductance. The inductance is shown connected to the grid of a mixer tube, but it might be used in any 
other tuned circuit. On the front and back of the switch wafer are rotors having shorting segments that en-
gage a number of contacts at the same time, rather than having a narrow tongue that engages only one sta-
tionary contact at a time. 

Both rotors turn together in the direction indicated by the arrows. Both rotors always remain connected 
to ground through the long stationary contacts whose inner ends rest on the inner parts of the rotors. Thus 
all the contacts engaged by therotor segments at any one time are shorted together and connected to ground. 
Were this switch to be used in a plate circuit the connection here made to ground would go to B-plus. 

FRONT OF SWITCH WAFER REAR OF WAFER 

6 5 14 3 2 

Fig. 43-6. Short circuiting of portions of an inductor by means of an extended rotor on a switch wafer. 
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Fig. 43-7. Alignment adjustments for bands and for individual channels as used on selector switches. 

Switches of this general type may be shown on service diagrams as at the bottom of Fig. 43-6.Sinceboth 
rotors are connected together they are indicated by a single long bar. The rotors are shown in position for 
reception of channel 10. The inductance actively in the grid circuit includes the portion between the grid 
and the switch contact numbered 13, also the portions between this contact and contact 12, between con-
tacts 12 and 11, and between contacts 11 and 10. The front segment is engaging contact number 10 and all 
other lower numbered contacts on this side of the wafer, shorting them together and connecting them to 
ground. All contacts on the rear of the wafer are shorted together and connected to ground. 

As the switch is rotated in the direction of the arrows, the shorting and grounding segments will leave 
more and more portions of the inductance active in the grid circuit until, for reception of channel 2, the en-
tire inductance will be active. The length of the shorting segment on the front of the switch must be such 
that it will not re-engage contact number 13 until after the switch has been turned through all the lower 
channel numbers. The shorting segment on the rear of the switch must be long enough to short and ground 
all the low-band contacts while all the high-band contacts are being uncovered or disengaged. These re-
quirements mean that switches of this particular shorting type must have the contacts on the wafers close 
enough together to leave part of the circle without contacts. This open part is needed for free movement 
of the extended rotor segments after they leave the contacts at one end of their travel and before they en-
gage contacts at the other end. 
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The number of channels for which alignment adjustments are provided varies with different tuners. In 
many cases there are only two such adjustments in a plate circuit or grid circuit. This is shown in princi-
ple at the left in Fig. 43-7. For alignment of all high-band channels reliance is placed on the adjustable 
inductor at A. Adjustment at this point in the circuit has its chief effect on channels from 13 through 7. 

When the shorting contact of the switch is moved down as far as the connection for channel6 the second 
adjustable inductor at I? is brought into the tuned circuit. This inductor has no effect on tuning of the high 
band, for it is not then in the active circuit. But it does have a large effect on tuning of all channels from 
6 through 2. Because values of inductance for the low-band channels are so very much greater than the 
total inductance used for the high band, any adjustment which has been made at A has but little effect on 
resonant frequencies for the low band, and what little effect this upper adjustment does have is easily 
compensated for by a slight change at B. 

Other tuners employ the principle illustrated by the middle diagram of Fig. 43-7. Here there are separate 
inductors for each channel. Those for the high-band channels are not individually adjustable, but there is 
an adjustable small inductance at A which serves for overall alignment of channels 13 through 7. In each 
of the coils for low-band channels 6 through 2 there is a movable core for individual alignment of its clan-

ne. 

Fig. 43-8. Tuner having individual coils for each channel in circuits for r-f plate, 
mixer grid, and r-f oscillator. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 43— Page 10 

INDUCT ORS 

Fig. 43-9. Selector switch connections for shorting and grounding both ends of unused 
r-f oscillator inductors. 

At the right in Fig. 43-7 there are separate inductors for each channel, and in each inductor or coil there 
is an adjustable core for alignment. This general principle is employed for the tuner pictured, as mounted 
in a chassis, by Fig. 43-8. The coils at the right tune the r-f oscillator, with connections from the two 
ends of each coil going to contacts on two switch wafers. In the center compartment are coils for the rrixer 
grid, connected through a single switch wafer, and also the coils for the plate of the r-f amplifier, con-
nected through another switch wafer. At the left-hand end of this tuner are capacitors used for adjustable 
tuning of the r-f amplifier grid circuit on the low-band channels. 

R-f oscillators commonly are tuned with separate coils or inductors for each channel. Each oscillator 
coil ma' y beprovided with a movable core to allow precise adjustment of oscillator frequency for its channel. 
Sometimes only the oscillator coils for the low-band channels have movable cores. Oscillator inductors or 
coils which are not in the active circuit may or may not be shorted to ground. 
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Fig. 43-10. Coils for tuning the low bands mounted on and between switch wafers in a tuner. 

Fig. 43-9 shows switching connections with which unused oscillator coils for low-band channels are 
shorted together and grounded. The inductors or coils for each channel appear in the center of the diagram. 
These elements are mounted between the outer edges of two switch wafers shown at the left and right. 
Rotor connections on the front of number 1 wafer are shown at 1F and those for the rear of this same wafer 
at 1R. Connections for the front of number 2 wafer are shown at 2F, and those for the rear of this wafer at 
2R. All the rotors turn together in the directions indicated by curved arrows. 

The rotor at 1F has a narrow extended tongue that connects the grid of the oscillator tube, through cap-
acitor Cg, to one end of whichever inductor is to be used for a selected channel. The other end of that in-
ductor is connected by means of the tongue on rotor 2F' to the plate circuit of the oscillator tube. 

The shorting and grounding rotors are on the rear of the switch wafers, at 1R and 2R. The switch is in 
position for reception of channel 6. All the low-band inductors except the one for channel 6 are shorted to-
gether at one of their ends, and are connected to ground by rotor 1R. The same inductors are shorted to-
gether at their other ends, and are grounded, by rotor 2R. 

The principle just discussed is employed in the tuner pictured by Fig. 43-10. Toward the right may be 
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seen the five coils for oscillator tuning in the low-band channels. These coils are supported by the two 
switch wafers that are on either side of the coils. The movable core of the center coil has been screwed 
nearly all the way out, to make it visible in the picture. Toward the left are small coils for tuning the mixer 
grid circuit and the r-f amplifier plate circuit to the low-band channels. 

The oscillator tuning system of Fig. 43-9 might be shown on a service diagram as in Fig. 43-11. Circuit 
connections are easier to follow in the service diagram, but the switch construction is not shown so clearly. 
Service diagrams are drawn in whatever way the manufacturer or service organization feels will best indi-
cate the connections, and, in a general way, the type of switch construction. When you have both the serv-
ice diagram and the tuner or receiver in front of you, the relations between parts and their wiring always 
become clear. 

It would be possible to short circuit and ground all the high-band inductors which are not active, as well 
as those for the low band. The low-band inductors are shorted, or shorted and grounded, because their 
rather large inductance in combination with their distributed capacitance and stray capacitances could form 
circuits which would be resonant in themselves at frequencies in the high band. Power absorbed in such 
self-resonant circuits might interfere with high-band reception. In the high-band tuning elements the induc-
tances and capacitances are too small to cause self-resonance at frequencies within the television carrier 
range, so shorting and grounding are not considered as necessary in most designs. 

Not all tuners which are constructed with rotary selector switches have the inductors or coils mounted a-
round the edges of the switch wafers or mounted between two wafers. The inductors sometimes are carried 
by a supporting framework of metal or of insulation placed either around or between the switch wafers. The 
coils in the center compartment of the unit in Fig. 43-8 are thus mounted. In other tuners all the coils are 
carried on a flat metal plate which is mounted directly above the rotary selector switch. Fig. 43-12 is a 
view from underneath a chassis on which is mounted a three-gang rotary selector switch for tuning« chan-
nel selection. The various coils are mounted through the chassis. They appear around the inner end of the 
switch. These coils are adjustable either from above or below the chassis. 

13 12 11 10 9 8 7 6 5 4 3 2 

Fig. 43-11. How short-circuiting connections and tap connections may be shown on service diagrams. 
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Fig. 43-12. Rotary selector switch with separately mounted coils to form a tuner. 

Fi g. 43-13. The rotary drum of a turret tuner. 
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Fig. 43-14. The principle of channel inductor switching in a turret tuner. 

TURRET TUNERS. We have been looking at tuners which are constructed with rotary selector switches. 
In all these types the inductors or coils are stationary, and channel connections are changed by movement 
of the switch rotors. In another widely used class of tuners, the turret tuners, the inductors are moved suc-
cessively into positions where they make contact with stationary switch elements that are connectec. into 
the tube and antenna circuits. 

Fig. 43-13 is a picture of a turret unit for a 12- channel tuner. The turret is a cylindrical drum around the 
outside of which are mounted strips of insulation, one strip for each channel. On the exposed outer sur-
faces of the strips are metallic contacts which as the turret is rotated to various channel positions, come 
into engagement with stationary contacts not shown in this illustration. On the concealed inner surface of 
each strip are all the inductors or coils required for tuning of one channel. The turret is rotated by the 
channel selector knob. 

The principle of turret tuning is illustrated by Fig. 43-14. Broken-line enclosures down through the cen-
ter of the diagram represent inductor strips for any three adjacent channels. On each strip are mounted, 
from left to right, a center-tapped antenna coil, a coupling transformer primary winding for the r-f plate cir-
cuit, the transformer secondary for the mixer grid circuit, and an oscillator tuning coil. 

The middle one of the three strips is in the position where its coil terminals engage a series of sta:ion-
ary contacts indicated by arrowheads. From these stationary contacts there are leads to tube sockets and 
other circuit elements. When the turret is rotated in either direction the inductor strips move around with 
the drum. Then the strip whose terminals now engage the stationary contacts will be moved away from 
these contacts, and the strip for another channel will be brought into the active position. The inductors 
mounted on each strip are of such values as tune correctly for reception of one channel. 
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Fig. 43-15. Turret tuner from which some of the inductor strips have been removed to 
show the construction 

The turret inductor strips are quite easily removed and replaced on the rotary drum. Some strips are held 
with screws, or studs and nuts, but most are attached with some form of spring clip. Fig. 43-15 shows a 
turret tuner from which a number of inductor strips have been temporarily removed to expose the inside of 
the drum. At the top of the drum may be seen the outsides of several remaining strips, on which are the 
terminal studs or buttons arranged in a row from left to right. Inside the drum appear the coils or windings 
which are carried on the inner surfaces of several strips. Down below the drum, mounted on the inside of 
the tuner frame or housing, appear the stationary contacts which are engaged by the strip terminals as the 
drum is rotated. 

On the tuner pictured by Fig. 43-15 the inductor strip for each channel is made up of two parts, or there 
are two strips in line for each channel. On the strips toward the left are five terminal studs, and on those 
toward the right there are six studs. In Fig. 43-16 are shown pairs of strips for two channels. These strips 
have been removed from the drum and tamed to expose the coils which normally are toward the inside of 
the drum. 

The pair of inductor strips at the top of Fig. 43-16 are for one of the high-band channels. The pair down 
below are for one of the low-band channels. The five-terminal strips at the left carry the two windings for 
a transformer that couples the antenna to the grid circuit of the r-f amplifier. The antenna winding has a 
center tap which is grounded, while the grid winding has only two end terminals. 
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The six-terminal strips at the right carry a transformer for coupling the plate circuit of die r-f amplifier 
to the grid circuit of the mixer, and carry also the tuning coil for the r-f oscillator. The two windings of the 
coupling transformer are connected to four of the terminals,and the single winding forthe oscillator is con-
nected to the remaining two of the six terminals on these strips. 

Fig. 43-17 is a complete circuit diagram for the turret tuner whose construction we have been examining. 
The five-terminal inductor strip for antenna to r-f coupling appears at the upper left in the diagram. The 
six-terminal strip for r-f to mixer coupling and oscillator tuning is shown between the r-f amplifier tube 
and the twin-triode mixer-oscillator tube. The stationary contacts are represented by arrowheads. The ad-
justable capacitors at a, b, c and d are used during alignment, as will be discussed when we come to the 
general subject of alignment for television tuners. The capacitor at E is a fine tuning control which allows 
the set operator to make such changes of oscillator frequency as permit best reception. 

TUNER CIRCUIT DETAILS. The most generally used types of tuners are those having rotary selector 
switches with stationary inductors and those of the turret type having inductors mounted on a movable 
drum. The other types listed in the earlier table of tuner design and construction will be examined pres-
ently, but first it will be well to discuss some features which affect all tuners. 

In all tuners of recent design the tubes are miniature types. R-f amplifiers most often are sharp cutoff 
pentodes. There are, however, many tuners in which the r-f amplifier is a twin-triode. Remote cutoff pen-
todes are used in a few designs, but not many. Mixer tubes which are not in the same envelope with the 
oscillator most often are sharp cutoff pentodes. R-f oscillators practically always are triodes. The triode 
oscillator may be a separate tube or it may be one section of a twin-triode whose other section is used as 
a triode mixer. 

In some designs there is no variable tuning for separate channels in the coupling between antenna and 
r-f amplifier grid circuit. Then this coupling must cover the entire range of television carrier frequencies, 

Fig. 43-16. Inductor strips for one type of turret tuner. 
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Fig. 43-17. Circuits from antenna to video and sound i-f outputs in a turret tuner. 

and there can be little or no gain in this portion of the circuit. It always is true that the wider the range of 
frequencies to be covered the less may be the gain. In extending the frequency range we unavoidably lose 
the advantage of high peaking or high gain at resonance. 

In other designs of antenna to r-f coupling there is one value of inductance for low-band channels and a 
smaller value for high-band channels. This permits somewhat greater gain in each band. The greatest r-f 
gain is possible when there are different inductors or different valuesof inductance for each separate chan-
nel. 

Along with any increase of gain from antenna through the r-f amplifier there is an increast, of selectivity 
against unwanted high-frequency signals and many forms of interference. There is also a decrease of radi-
ation of the r-f oscillator frequency through the antenna. Such oscillator radiation is proving to be one of 
the most serious troubles in television reception. A poorly designed or constructed receiver can radiate 
with enough strength to interfere with normal reception of many other receivers in the neighborhood. 

When it is desired that a tuned r-f circuit cover some limited range of frequencies it is usual practice to 
design the inductance and capacitance elements for the highest practicable Q-factor ( least high-frequency 
loss) and then to broaden the response by connecting a fixed resistor across the tuned circuit. Such a re-
sistor is used across the r-f grid winding of the antenna coupler in Fig. 43-17, and another is used across 
the primary of the r-f to mixer coupling transformer in the plate circuit of the r-f amplifier. 
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For any given frequency of resonance and a fixed ratio of inductance to capacitance in the tuned circuit, 
the band width is inversely proportional to resistance connected across the tuned circuit. Using twice as 
much resistance decreases the band width to one-half, and using half the original resistance doubles the 
band width. The band width is measured as the difference between low and high frequencies at which the 
voltage gain drops to 70 per cent of its maximum or peak value. When shunting resistances are used in this 
manner it is possible to raise the gain and narrow the response with more resistance, and to drop the gain 
while securing a wider response by using less resistance. Such changes sometimes are made during ser-
vice work when it is necessary to raise the gain for certain channels in which the received signal is weak. 

ANTENNA COUPLINGS. Fig. 43-18 shows some of the many circuits which are used for coupling the 
television antenna to the grid-cathode circuit of the r-f amplifier. All the couplings illustrated in this fig-
ure are used in receivers whose input impedance at the antenna terminals is 300 ohms. At A there is a 
center-tapped inductor across the antenna terminals, with the tap grounded and the outer ends connected 
directly to the tube cathode and to the grid through a blocking capacitor that isolates the grid and its age 
(automatic gain control) bias voltage from the ground connections. 

Fig. 43-18. Couplings which may be used between the antenna terminals and the grid- cathode 
circuit of the r-f amplifier tube. 
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Fig. 43-19. Couplings for 72-ohm coaxial transmission line to r-f amplifiers. 

The connection from the agc bus through a resistor to the tube grid is shown also in most of the other 
diagrams. This is to illustrate how this method of gain control may be applied to the r-f amplifier tube, but 
it should be understood that many r-f amplifiers are operated with other methods of biasing. 

In diagram R there is again a center-tapped inductor across the antenna terminals. A resistor for widen-
ing the frequency response is connected across this inductor. The cathode line returns to ground through 
the lower part of the tapped inductor, whereas in diagram A the cathode line goes to ground through a bias-
ing resistor iri series with the cathode. 

Diagram C shows a center-tapped resistor instead of an inductor across the antenna terminals. Across 
the antenna circuit is a tuning element consisting of a capacitor and inductor in parallel with each other. 
This element may be mounted on the drum of a turret tuner, ont may be mounted between wafers of a rotary 
selector switch, depending on the type of tuner construction. In any case this is one of a number of tuning 
elements brought into the circuit for the various channels. Diagram D shows a generally similar tuning ele-
ment connected directly across the antenna terminals. Again this is one of the tuning elements brought into 
the circuit for the several channels. 

At E the r-f amplifier tube is of the grounded grid type with signal input to the cathode circuit and sig-
nal output from the plate as usual. This is a method which permits using a triode tube in a very-high fre-
quency circuit while presenting feed-back from plate to grid due to the fact that the grid is the element 
connected to ground. Connections from the two antenna leads are made across an inductor in series with 
the cathode. The antenna circuit is tuned, or its impedance is matched to that of the antenna itself, by 
varying this cathode inductance for the several channels. A single inductor at this point may be varied in 
value by shorting portions of it by means of one rotor on a rotary selector switch, or different inductors 
may be switched into the circuit for each channel. 

At F in Fig. 43-18 is shown one method of changing the input impedance of theantenna circuit to suit 
either the high-band or low-band channels. At the left is a center-tapped inductor which always remains 
connected between the antenna terminals. Toward the right is a two-section inductor which is open cir-
cuited with the switch in the low-band position and is closed between th,e inner ends with the switch in 
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the high-band position. With the switch closed this auxiliary inductor is effectively in parallel with the 
first one. The self-inductance of two inductors in parallel with each other is less than that of either induc-
tor alone. Consequently, closing the switch for high-band reception reduces the inductance in the antenna 
circuit. At the higher carrier frequencies this reduced inductance has approximately the same inductive re-
actance or impedance as has the single inductor at the left for reception at the lower carrier frequencies 
of the low-band channels. 

The diagram at G again shows an auxiliary inductor whose circuit is opened for low-band reception and 
closed for high-band reception. The switching element here is represented as one of the rotors on a se-
lector switch. In this diagram the cathode line is returned to ground through the lower part of the fixed in-
ductor across the antenna terminals. In series with the cathode line are a capacitor and resistor for bias-
ing the tube. 

Input impedances at the antenna terminals of television receivers are fairly well standardized at 300 
ohms. This particular impedance allows a good "match" and satisfactory power transfer from the most gen-
erally used types of antennas, whose impedances are approximately 300 ohms at the carrier frequency in 
the middle of the band over which the antennas are designed to operate. With 300-ohm impedances of an-
tenna and receiver the "transmission line" that connects the two together should be of a type having this 
same value of impedance. Incidentally, in some later lessons we shall become well acquainted with an-
tennas, transmission lines, and all their peculiarities and problems. At present we are interested only in 
connections to receivers. 

Other types of antennas, which may be used to meet special requirements of reception, have impedances 
of 72 ohms. These antennas are connected to receivers through transmission lines whose impedance is 72 
or 75 ohms. Many receivers have been designed with input impedances of 72 ohms to match these 72-ohm 
antennas and lines.ln many other receivers the input circuits are arranged for connection of either 300-ohm 
or 72-ohm antennas. and lines. 

At A and B in Fig. 43-19 are shown connections of 72-ohm antennas and 72-ohm transmission lines to 
receivers having input impedances of this value. Both diagrams show grounded grid r-f amplifiers. The 72-
ohm transmission line commonly used has a central conductor covered with insulation around which is a 
braided metallic shield protected with an outer coat of insulation. This is called coaxial cable or coaxial 
line. The insulated central conductor is connected to the cathode input circuits of the r-f amplifiers. The 
shield is connected to ground. 

When there are center-tapped input inductors, as at A, B and F of Fig. 43-18, it usually is possible to 
have satisfactory reception from a 72-ohm antenna and line by connecting the line across either half of the 
inductor instead of across the ends as for 300 ohm matching. This connection allows impedance matching, 
for reasons which follow. 

If the impedance across an entire inductor or coil is 300 ohms the impedance across either half will be 
close to 75 ohms. This relation exists because inductive reactance, the principal factor in impedance, 
varies as the square of the number of turns. Should there be 6 turns in all, the total impedance will be pro-
portional to the square of 6, which is 36. Then the impedance of half this winding or of 3 turns, will be 
proportional to the square of 3, which is 9. Since 9 is one-fourth of 36, the impedance of half the coil will 
be one-fourth that of the whole coil. 

Diagram C of Fig. 43-19 shows a 72-ohm antenna and transmission line connected across one half of the 
input inductor of a tuner primarily designed for a 300-ohm antenna and line. The insulated conductor of the 
line is connected to one end of the center-tapped inductor, usually to the grid end. The shield of the line 
is connected to ground and through ground to the center tap of the input inductor, The terminal at the lower 
end of the antenna inductor remains open or unconnected. 
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LESSON NO. 44 

TELEVISION TUNER DESIGN AND CONSTRUCTION 

In the preceding lesson we examined the operation of television tuners built with rotary selector switches 
and those having rotary turrets. In both types the resonant frequency is varied by changes of inductance. 
In a third general type of television tuner which operates with changes of inductance, the variable ele-
ments consist of spiral conductors, around the turns of which travel small contact brushes to short circuit 
more or less of the spiral. A three-element variable inductance unit of this type is pictured by Fig. 44-1. 

Each spiral conductor is of flat section with one edge molded into a support of low-loss insulation, 
leaving exposed an edge around which travels a contact brush that is supported from and rotated by a shaft 
of insulation material. Some tuners have three of these spiral elements, as illustrated, while others have 
four such elements. The contact brushes for all elements are rotated together by the common shaft. The 
brushes are pivoted on their rotating support arms so that the brush ends follow the spiral edge of the con-

ductor as the shaft is rotated. 

Connections from the wiring terminals to the spiral and the brush are shown by Fig. 44-2. One of the 
external terminals is connected to the outer end of the spiral conductor and to the contact brush. The other 

external terminal is connected to the inner end of the spiral. These connections for each inductor element 
usually are shown on service diagram's by some symbol like the one at the right in the figure. 

Whatever portion of the inductance spiral is between the outer end and the contact brush is short cir-
cuited by the brush connection, and is inactive. The remaining portion of the inductance, between the 
brush contact and the inner end of the spiral, is not shorted and is active in the connected circuit. 

Clockwise rotation of the shaft and brush brings the brush contact to the inner end of the spiral. Itere 
all of the turns are shorted and there is minimum possible inductance. This remaining inductance, due to 
lengths of conductors, amounts to about 0.025 microhenry in each element. Counter-clockwise shaft rota-
tion brings the brush contact to the outer end of the spiral, leaving none of the turns shorted and all of the 
inductance active. This maximum inductance is slightly less than 1.0 microhenry in each element. 

Note that we have here a ratio of maximum to minimum tuning inductance of nearly 40 to 1. This very 
great change of inductance allows tuning throughout the entire range of television carrier frequencies, all 
the way from 54 megacycles at the bottom of channel 2 through to 216 megacycles at the top of channel 13, 
and including the f-m broadcast band and other radio services between the low-band and high-band televi-

sion carriers. 

The full range of tuning for the unit of Fig. 44-1 requires six turns of the shaft. Television channels 2 
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Fig. 44-1. Variable inductance tuning element of the type employing spirally wound 
inductors. 

through 6 come in during the first two and one-half turns. The next three-quarters of a turn covers the f-m 
bmadeast band. The high-band television channels tune within the final one and one-quarter turns of the 

shaft. In the DuMont Inputuner, which uses the inductance elements being discussed, there is a frequency 
skip between the top of the f-m band and the high-band television carrier frequencies. This tuner covers 
the television and f-m channels with only four turns of its shaft. 

Fig. 44-3 is a diagram of a tuner circuit employing the variable spiral inductors. Inductor element La 
is in the plate circuit of the r-f amplifier. Inductor Lb is in the grid circuit of the mixer. Inductor Lc tunes 
the oscillator. At Ld is a small diameter coil of possibly two or three turns in series with spiral inductor 
La. This small added coil is changed in length to vary the total minimum inductance when the brush is in 

position to short circuit all of the spiral inductor. This is done during alignment. Similar small coils at 
Le and LI' are in series with the other two spiral tuners for adjusting minimum inductances in their cir-
cuits. At Rb and Rb are fixed resistors in parallel with inductors for the r-f amplifier and mixer circuits. 

These resistors are for the purpose of broadening the tuning band. Band width is adjusted also by the 
variable capacitors and the inductor at the top of the diagram, these elements forming the coupling between 
r-f amplifier and mixer circuits. At Cb and Cb are blocking capacitors in the r-f amplifier plate circuit and 
the mixer grid circuit. 

The spiral inductor element Lc which is used for the r-f oscillator is just like the other inductor ele-
ments, having the same limits of inductance and the same rate of change of inductance with shaft rotation. 
[lut in order to have the oscillator frequency remain higher than that of the receiver carrier it is necessary 
to have less inductance in the oscillator circuit than in the r-f amplifier and mixer circuits. Oscillator 
circuit inductance is reduced by connecting coil Lg in parallel with the variable inductor Lc and end in-
ductor Lf. The paralleled inductances have less combined inductance than exists in either one alone. 
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Fig. 44-2. Connections to one spiral element of a variable inductance tuner. 

In this inductance-tuned oscillator circuit the paralleled inductance Lg serves much the same purpose 
as a padder capacitor in some capacitance-tuned oscillator circuits. Just as a padder capacitor in series 
reduces the effective capacitance of an oscillator tuning capacitor, so the added inductance in parallel re-
duces the effective inductance of the oscillator tuning inductor. 

Capacitor Cf of Fig. 44-3 is an adjustable fine tuning control by means of which the set operator can 
make slight changes in oscillator frequency;. Capacitor Cg and resistor Rg are the grid capacitor and re-
sistor for biasing the oscillator. Capacitor Cc couples the oscillator frequency into the mixer grid circuit. 

In earlier models of slider-type variable inductance tuners the elements are coils wound with spaced 
turns on a long rotating shaft of low-loss insulation. Bearing on the conductor of each coil is a contact 
brush that maintains connection between the coil and a fixed conductive plate. Rotation of the coil form 
by means of the tuning shaft moves the brushes along the turns to short circuit more or less of the induct-
ance. Electrical characteristics are like those mentioned for the spiral elements. Ten turns of the shaft 
are required change the inductance from minimum to maximum. The inductor unit with elements in line 
is used in the same tuner circuits as the later spiral type. 

o TUNERS ITITH MOIT4RLE CORES. A fourth general method of varying the inductance in television 
tuners makes use of movable cores in the inductors. The basic principle of these tuners is similar to that 
employed for tuning in many a-m and f-m sound broadcast receivers, where the tuning dial operates a me-
chanism that moves the cores farther into or out of several coil windings which are in the tube circuits. 
The cores are of molded powdered iron. Moving such a core farther into its winding increases the induct-
ance and lowers the resonant frequency, while moving the core out of the winding lessens the inductance 
and raises the frequency. 

Fig. 44-4 shows the inductor portion of a television tuner employing this method of inductance change 
and frequency variation. There are three pairs of coils having spaced ribbon windings on tubular forms. 
The movable cores are inside these forms. Each core is attached to a threaded stud which may be turned 
to raise or lower the core to its correct position in relation to the plate which is underneath all the coils. 
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Fig. 44-3. Circuit for variable inductance tuner using either spiral or cylindrical con-
tinuously variable inductors. 

Fig. 44-4. Inductors and trimmer capacitors on a two-band tuner using continuously 
variable inductance in each band. 
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This plate is raised and lowered by mechanism attached to the tuning dial, so that all the cores are moved 
up and down together. 

In each pair of coils the one with more turns is used for tuning the low-band channels, and the one with 
fewer turns tunes the high-band channels. There is continuous tuning through each band, rather than tun-
ing to each channel individually as in tuners having selector switches or turrets. As the tuner dial is 
turned through its positions for channels 2 to 6 in the low band the cores are moved out of their coils to 
reduce the inductance and raise the frequency. Continued turning of the dial operates a switch that shifts 
tube circuit connections from the low-band coils to those for the high-band. As the dial is turned still 
farther in the same direction the cores are moved farther back into the coils to tune through channels 13 to 
7 as inductance is increased and frequency lowered. 

Fig. 44-5 is a fairly typical circuit diagram for a television tuner constructed with movable-core induc-
tors. There are four two-position band switches shown in their high-band positions by full-line arrows and 
in low-band positions by broken-line arrows. High-band positions are marked H, low-band positions are 
marked L. One of these switches connects either of two antenna coupling transformers to the grid-cathode 
circuit of the r-f amplifier. The remaining switches shift the connections between the tuning inductors of 
each pair. 

Fig. 44-5. Circuit for two-band tuner using continuously variable inductances in both 
bands. 
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Two of the adjustable inductors are in the plate circuit of the r-f amplifier. In series between the high-
band inductorand ground are a fixed capacitor and an adjustable trimmer capacitor. In series with the low-
band inductor is a fixed capacitor and in parallel with this inductor is an adjustable trimmer capacitor. Two 
more of the adjustable inductors are in the grid circuit of the mixer. In series and in parallel with induc-
tors of this pair are frequency alignment circuits containing adjustable trimmer capacitors. These trimmers 
are used during the process of alignment to obtain a frequency response of correct band width, with a sym-
metrically shaped curve, and to obtain the greatestpossible voltage gain while satisfying the other require-
ments. 

In the r-f oscillator circuit shown in the lower part of the diagram are the inductors of another pair. Ca-
pacitors marked Cf adjust the oscillator frequency. These two capacitors may be operated together as a 
fine tuning control used by the set operator, or they may be service adjustments. The symbols for mixer 
and oscillator indicate that they are the two sections of a twin triode. This twin triode may be of a type 
having a single common cathode, since the two cathodes are shown connected directly together. ‘lixer 
grid bias is provided by the paralleled resistor and by-pass capacitor which are in series between the cath-
ode and ground. Oscillator bias is of the grid-leak type, provided by the capacitor and resistor which are 
in parallel between the grid and cathode of the oscillator section. At Cc are coupling capacitors for feed-
ing the oscillator frequency to the mixer grid circuit. (Note that the left-hand one of these two capacitors 
is in circuit only during low-band reception, thus providing greater oscillator voltage injection for this band 
than for the high band.) 
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Fig. 44-6. Circuit of a tuner using variable capacitors for channel selection. 
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The double biasing of a twin tube having a single cathode is not a feature peculiar to this type of tuner, 
it might be used anywhere. The same is true of the two capacitors that couple the oscillator to the mixer. 
You must learn to watch for any such unusual features as you examine circuit diagrams. Your knowledge 
of the principles of television and radio should be enough to explain the significance. In some tuners of 
the movable core type there is a third band, for f-m broadcast reception. This range of tuning is provided 
by a third switch position at which additional coils are connected in parallel with the low-band inductors. 
Your knowledge of principles should allow you to recognize that the two inductances in parallel would 
lessen the effective inductance, raise the range of resonant frequencies, and allow tuning through the f-m 
band. 

TUNING WITH CAPACITANCE. The tuner whose circuit diagram is shown by Fig. 44-6 operates with 
four variable capacitors whose rotors are turned together by the channel selector dial. These four capaci-
tors are joined by broken lines in the diagram. One is in the plate circuit of the r-f amplifier, another is 
in the grid circuit of the mixer, and the remaining two are in the oscillator circuit. In each of these cir-
cuits there are tuning elements for the low-band channels and other elements for the high-band channels. 
These elements are cut into or out of the circuits by two-position switches which are shifted one way or 
the other as the selector dial is turned between its positions for channel 6, at the top of the low-band, and 
channel 7 at the bottom of the high-band. The switch positions are marked L for low band, and H for high 
band. 

In addition to the three band switches in circuits for the r-f plate, mixer grid, and oscillator, there is a 
fourth band switch for the coupling between antenna and r-f grid. This antenna band switch operates on the 
secondary of the antenna coupling transformer, which is in two sections. With the switch in its high-band 
position the two parts of the secondary are connected in parallel with each other, to reduce the effective 
inductance. With the switch in the low-band position one section of the secondary is open circuited, leav-
ing the effective inductance of the other section. 

In the plate circuit of the r-f amplifier is inductor La, and coupled to this inductor is another one, Lb, 
in the grid circuit of the mixer. These two inductors provide coupling between the two tubes and at the 
same time are made resonant for received carrier frequencies by the capacitance tuning elements. When 
band switch number I is moved to its high-band position the inductor marked Ld is placed in parallel with 
inductor La, thus reducing the effective tuning inductance for the high-band channels. When band switch 
number 2 is in its high-band position, inductor Le is placed in parallel with inductor Lb, providing lessened 
inductance for high-band tuning of the mixer grid circuit. 

In the oscillator circuit low-band tuning is accomplished with the variable capacitor which is connected 
when the band switch is in its low position and with inductor Lc. This inductor also couples the oscillator 
frequency into the mixer grid circuit because of its inductive coupling to inductor Lb. 

With the oscillator band switch in its high position the variable capacitor and the inductor Lc are dis-
connected from the oscillator grid, and then are inactive because they are connected to ground at their other 
ends. High-band oscillator tuning is by means of inductor Lfand the capacitors coL.-iected across this in-
ductor. During high-band tuning the oscillator frequency is coupled into the mixer grid circuit through ca-
pacitor Cc, since inductor Lc no longer is performing this function. 

In the tuned circuits of Fig. 44-6 which are connected through band switch sections I, 2, and 3 are var-
ious adjustable capacitors in addition to the tuning capacitors. These adjustable capacitors are identified 
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Fig. 44-7. 
Variable capacitors and other circuit elements of a tuner with which chan-

nel selection is by change of capacitance. 

by arrows through their symbols. All of them are trimer capacitors used during alignment of this tuner. 
In the circuit for the r-f plate there are two trimmers, one in the low-band side and the other in the high 
band side. Similarly there are low-band and high-band trimmers in the mixer grid circuit and in the oscilla-

tor tuning circuits. 

Fig. 44-7 is a picture of a television tuner operating with variable capacitors. The several tuning ca-
pacitors are in the lower shielded compartments. Directly above are the inductors and resistors which 
complete the circuits. The tube shelf is at the top of the picture. At the right-hand end of this tuner is 
the mechanism driven from the selector dial for turning the shaft and rotor plates of the variable capacitors. 
The trimmer capacitors are on the far side of this tuner, the side which is not visible in the photograph. 
The tuner pictured here is not the one for which a circuit diagram is shown by Fig. 44-6. The unit in the 

photograph employs push-pull circuits, whose action we shall examine in later pages. 

PUSH-BUTTON TUNERS. There are several television tuners with which any one channel may be se-
lected when the operator presses the appropriate one of a series of push buttons which take the place of 
the more common selector dial on the front panel. Fig. 44-8 is a circuit diagram for push-button tuning of 
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Fig. 44-8. Connections of r-f to mixer coupling in a tuner using push-button switching 

of capacitors for channel selection. 

the coupling between an r-f amplifierplate and the grid of a mixer. A similar series ofpush-button switches 

would be used for tuning the r-f oscillator. 

Iligh-band connections are shown at the left in the figure, and low-band connections are at the right. 
Each of the numbered push-buttons operates all the switches for one channel, which would include the two 

switches shown for r-f amplifier and mixer, and also a third similar switch for the oscillator. When a 
switch is closed it connects to the tube circuit one side of an adjustable trimmer capacitor whose other 
end is grounded. Inductors La and Lb, also an oscillator inductor in a complete system, then become res-

onant at a frequency determined by their inductance and the capacitance of the trimmer. The trimmers are 
adjusted during the process of alignment to provide resonance at the frequencies which are correct for each 

channel. The switch sections for tuning channel 10 are shown in their closed positions. All other switch 

sections are shown in their open positions. 
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In some push-button tuners the low-band switching sections would be a continuation of the high-band 
sections. That is, the points marked a and b at the bottom of the left-hand string would connect to the 
similarly lettered lines at the top of the string on the right. In other tuners of this general type there are 
separate tubes or twin tubes for r-f amplifier, mixer, and r-f oscillator, with one tube or one part of a tube 
used for high-band reception and the other tube or part used for low-band reception. Then the high-band 
switching would be connected to one set of tubes, as in the left-hand part of Fig. 44-8, and the lines at 
the top of the low-band switching units would be connected to the second set of tubes. Then, in effect, 
we have separate tuners for the two bands. 

In the low-band tuning section there are features not found in the high-band section. There are addi-
tional inductors between channels 7 and 6, as at /, c. These are necessary to bridge the frequency gap 
between the two bands. Additional inductors are used also between channels 5 and 4, as shown at Ld, 
where there is a considerable change of frequency. Extra inductors may be used also at Le between chan-
nels 3 and 2 where a rather great inductance is needed because of the relatively low frequencies at which 
tuning is being carried out. 

Any of the tuning inductors may have band broadening resistors in parallel. This is shown at inductor 
Lc, but may be found also anywhere else on the tuning string as well as on the inductors directly connect-
ed to the tube circuits at the top of the left-hand part of the figure. In addition to the coupling capacitor 
Cc between the r-f plate and the mixer grid, coupling capacitance may be added as at Cd and Ce in the low 
band switching connections. 

Instead of capacitance tuning as shown by Fig. 44-8 it is possible to operate movable cores in tuning 
inductors by means of push btittons. In one such tuner the push buttons have adjustable stops which allow 
coil cores to be moved to certain definite positions as each button is operated. There is one coil with its 
movable core for each tuned circuit. Alignment consists of setting the adjustable stops for each button 
and of adjusting the trimmer capacitors which are connected across each of the tuning inductors. 

In a recent paragraph it was mentioned that some push-button tuners are designed to operate as two in-
dependent units, one for each band. There are a number of other designs employing separate tuning mech-
anisms and either separate tubes or else twin tubes for tuning in the low and high television bands. Some 
double tuners are made with movable cores working in the two sets of inductors for the two bands. There 
are others made with variable tuning capacitors, one three-gang capacitor being used for the low band and 
a second three-gang capacitor for the high band. All the movable cores or all the variable capacitors are 
operated from a single channel selector dial. 

R-F OSCILLATORS. Although all parts of the tuner must operate correctly to have acceptable pictures 
and sound, it is the r-f oscillator which usually gives the service technician the most concern. For this 
reason we shall now examine certain features which are of especial interest. 

For one thing, we must keep in mind that it is the purpose of the oscillator to produce a single sharply 
defined or sharply peaked frequency and not a band of frequencies. A sharply defined oscillator frequency 
will beat with the received carrier frequencies to form intermediate frequencies corresponding eeactly to 
the signal modulation. Were the oscillator to produce even a narrow band of frequencies every signal fre-
quency would form a corresponding band of frequencies, and the i-f output from the mixer would be far from 
satisfactory. For this reason we find oscillator circuits designed for small energy losses or designed to 

have high Q-factors. 
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We must not forget that the same oscillator frequency beats with both the video carrier and sound car-
rier frequencies and their modulations. The carrier frequencies have certain separations. Uy using the 

same oscillator frequency with both carriers we produce video and sound intermediate frequencies having 
the same separation as in the carriers. 

In nearly all television receivers the oscillator frequency is tuned above the received carrier frequen-
cies by the amount of the intermediate frequency. Then the oscillator frequency is equal to the sum of the 
video carrier and video intermediate frequencies, and also to the sum of the sound carrier and the sound 

intermediate frequencies. Here is an example for channel 4. Any other channel and any other intermediate 
frequencies might be used in similar examples. 

Carriers (channel 4) 
Intermediate frequencies 

Oscillator frequency (the sum) 

Video Sound 

67.25 mc 71.75 mc 

26.10 21.60 

93.35 me 93.35 me 

It is important to note this fact: The video carrier frequency is lower than the sound carrierfrequency, 
yet the video intermediate frequency is higher than the sound intermediate frequency. This happens be-

CC 

MIXER 

OSCILLATOR 

Fig. 44-9. Methods of irjecting voltage at oscillator frequency into the grid of the 
mixer. 
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cause whenever you subtract lower and higher numbers from the same number the differences come out re-
versed; the lower is higher and the higher is lower. Here is an example in which we subtract two carrier 
frequencies from the same oscillator frequency to determine the intermediate frequencies. 

Oscillator frequency 
Carriers (channel 7) 

Video Sound 
201.00 mc 201.00 mc 
175.25 179.75 

Intermediate frequencies 25.75 21.25 

There are various ways of feeding oscillator voltage, at the oscillator frequency, into the grid-cathode 
circuit of the mixer tube. The most common method, as shown in principle at A in Fig. 44-9, is by means 
of a small capacitor, Cc, connected from the oscillator tuned circuit to the mixer grid. 
The capacitance of Cc ranges from less than one mmf to as much as 4 rnmf, but most often is between 

1 and 2 mmf. This method of feeding oscillator frequency to the mixer may be used not only with 
the tube circuits illustrated, but with practically any other oscillator and mixer circuits. 

Another fairly common method is shown by diagram R. Here the coupling or tuning coil in the mixer grid 
circuit is wound on the same supporting form as the oscillator coil. Voltage is transferred from oscillator 
to mixer by the inc'-u, ve coupling between the two coils. The diagram shows the form as carrying also a 
coil which is connected in the plate circuit of the r-f amplifier. 

A third method is illustrated by diagram C. In the mixer grid circuit and in the oscillator plate circuit 
are tuning inductors Lm and Lo. Between them is a link coupling. The link consists of two small coils or 
loops connected together through conductbrs. Inductive coupling from coil Lo to the small coil on one end 
of the link, induces emf at the oscillator frequency in the link circuit. Link current at the oscillator fre-
quency induces emf of this frequency in the mixer grid coil Lin. 

At the high frequencies of oscillator and carrier currents the fields around almost any conductors in the 
respective circuits will cause transfer of oscillator voltage provided the conductors are fairly close to-
gether. There is always some coupling and voltage transfer between any tuned circuits of oscillator and 
mixer unless these circuits are well separated or are carefully shielded from each other. 

When the r-f oscillator and the mixer tubes are the two sections of a twin-triode having a single cathode 
for both functions, both plate currents flow in the cathode line. Whatever inductance that may be in this 
line has enough inductive reactance to form an impedance coupling, or any resistance in the cathode line 
forms resistance coupling between oscillator and mixer. 

FREQUENCY DRIFT IN OSCILLATORS. When there is variation of the frequency supplied by the r-f 
oscillator, the beating of this changed frequency with the constant carrier frequencies will cause corre-
sponding variations in the video and sound intermediate frequencies. Since the i-f amplifier circuits are 
aligned for best response at fixed frequencies there will be trouble with both picture and sound reproduc-
tion when there is variation of oscillator frequency. This trouble is especially bad in receivers using what 
are called dual or split sound systems, where operation is at the sound intermediate frequency and where 
sound takeoff is ahead of the video detector. The passband of these sound systems is only a few hundred 
kilocycles at most, and small variations of oscillator frequency will throw the actual sound intermediate 
frequency completely outside the passband. The result is a picture without accompanying sound. 
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Variation of oscillator frequency is called frequency drift. There are four principal causes for drift. 
First are changes of temperature as the receiver warms up. Second are changes of voltages at elements of 
the oscillator tube. Third are variations in load on the oscillator, which are not very likely to occur during 
normal operation. Fourth comes mechanical vibration or shock. 

Change of temperature, with resulting expansion óf all heated parts, alters the internal capacitances of 
the oscillator tube and also the capacitance of tuning capacitors and the stray capacitances of wiring and 
parts. Expansion of wire and supporting form of coils will change the tuning inductance. 

Among the many ways of lessening the effects of temperature change, one is to use as part of the tun-
ing capacitance a fixed capacitor !laving negative temperature coefficient of capacitance, which is con-
nected across all or part of the tuning inductance, or is connected in series with other tuning capacitors. 
These compensating capacitors drop their capacitance with rise of temperature, counteracting the lowering 
of frequency which is the usual result of temperature rise. Compensating capacitors should be located 
where their temperature will change at about the same rate as other parts of the oscillator circuit. Should 
you replace one of these capacitors with an uncompensated type the result will be excessive oscillator 
drift. 

Tube heating is lessened by designs in which there is relatively small plate current, as may be obtain-
ed with highly negative biaa through grid leaks of higher resistance. Heating of circuit parts is reduced 

_ 

Ha. 44-10. Some of the possible locations for fine tuning capacitors. 
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by using large conductors, and by employing high-Q construction to lessen the transfer of energy into heat. 
Insulating supports are made of material having a small temperature coefficient of expansion, such as the 
high-grade ceramics. There must be good ventilation. The oscillator tube, and other tubes, usually are 
mounted above other circuit parts so that heat rising from the tubes will not raise the temperature of these 
parts. 

---- Oscillator circuits often are designed with relatively large tuning capacitance and small inductance. 
Then changes of capacitance in the tube, wiring, and other parts make a relatively small percentage change 
in the total tuning capacitance, and a correspondingly small change of oscillator frequency. 

Any change of d-c voltage at the plate, screen, or grid of the oscillator tube will alter the effective 
plate resistance, the transconductance, and the frequency. D-c voltages are held nearly constant by good 
filtering at the power supply and also in the leads to the tube elements. A few power supplies are con-
structed with voltage regulating tubes or voltage regulating power transformers, although this is not com-
mon practice in receivers. 

Sudden shocks or continued vibration of parts will alter the spacings between elements in the oscillator 
tube, will alter the internal capacitances, and will change the frequency in time with the vibration or 
shocks. Parts of the tuner which are outside the oscillator tube are similarly affected, and stray capaci-
tances then vary to change the frequency. These effects are lessened by good solid construction and firm 
supports, whichaccounts for the seemingly excessive mechanical strength in tuner frames, shields, and 
supports. Vibration of the oscillator tube often is held down to slow rates by enclosing this tube in a 
shield that grips the envelope and clamps onto the tuner frame, or by using a shield with a heavy lead 
liner. 

FINE TUNING CONTROLS. A fine tuning control or sharp tuning control consists of a small variable 
capacitor connected into the r-f oscillator tuned circuit in such manner as to allow slight variations of 
oscillator frequency. The fine tuning control is used by the operator of the receiver to correct any fre-
quency drift which may occur in the oscillator. When used for this purpose the control requires changing 
chiefly during the warm up period. 

The fine tuning control is used also to compensate for slight discrepenries in oscillator alignments for 
different channels. When oscillator tuning adjustments have not been set for the exact frequency required 
in each channel the reception may be improved by operation of the fine tuning control. When used for this 
purpose the control is changed when switching from one channel to another. 

Fig. 44-10 shows a few of the many possible connections for fine tuning capacitors in oscillator cir-
cuits. The control capacitor is shown in each case by a symbol with an arrow through it. The capacitance 
at minimum setting of the control usually is something between a small fraction of a mmf and about two 
mmf. At maximum the capacitance ranges from about two to five or more /Ind. 

Moving the fine tuning control from end to end of its capacitance range makes the least change of oscil-
lator frequency in the lowest-frequency channel, number 2, and makes the greatest change of oscillator 
frequency in the highest-frequency channel, number 13. Some controls are designed for total frequency 
variation of less than one megacycle, while others will change the oscillator frequency by two to four 
megacycles. When a receiver uses a dual or split sound system the fine tuning control must be accurately 
adjusted in order to have satisfactory reception of both picture and sound. 
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The fine tuning control usually is operated by a shaft that is concentric with the shaft for the channel 
selector. Either of the shafts may be the solid member at the center, with the other a tubular member 
around the outside. The knobs for channel selection and for fine tuning then are together on the panel 
ends of their respective shafts. 

Fine tuning capacitors seldom are the conventional variable types with rotor and stator plates semi-
circular and meshing together. Often the capacitór consists of a tube of insulating dielectric with the 
stationary metallic plate around the outside and an inner metallic plate that is moved end wise by the con-
trol shaft turning a threaded screw. Sometimes the two capacitor plates are disc-shaped, with one moved 

toward or away from the other by screw threads turned with the control shaft. In still other designs the 
two plates are stationary with a sheet of solid dielectric material moved into and out of the space between 

the plates. In a number of receivers or tuners which have separate alignment adjustments for oscillator 
frequency on each channel there is no fine tuning control for use by the operator. 
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Fig. 44-11. Two Colpitts circuits combined as a push-pull oscillator on a twin-triode. 
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PUSH-PULL OSCILLATORS. The r-f oscillators in quite a few tuners consist of two Colpitts circuits 
combined with a twin-triode tube in a manner which lessens the effective tube capacitances, allows each 
section of the tube to act as a sort of amplifier for the other section, and in general, provides quite stable 
oscillation at the high frequencies used for television. This arrangement is called a push-pull oscillator, 
because while one section " pushes" on the electron flow the other section "pulls" the flow after oscilla-
tion commences. 

The development of a push-pull oscillator circuit is illustrated by Fig. 44-11. In diagram 1 we have an 
ordinary Colpitts oscillator with which tube and circuit capacitances are used for tuning. The only new 
feature is center-tapping of the inductance coil, with B-voltage applied through the tap. 

Without making any electrical changes in connections, but by altering only the appearance of the dia-
gram, we may redraw the Colpitts oscillator as in diagram 2. Again with no electrical changes we may 
redraw the original circuit as at 3. The sanae inductance coil appears in both these latter diagrams. The 
plates and grids of the two diagrams are the elements in the two sections of a twin-triode which has a 
single cathode. 

By putting together the diagrams shown at 2 and 3 we have the connections of diagram 4. This is our 
push-pull oscillator. Fig. 44-12 is a circuit diagram for a television tuner in which the oscillator is of the 
push-pull type. Connections are essentially the same as just described except that there is an added bias-
ing resistor between the oscillator cathode and ground, and a fine tuning capacitor is shown connected to 

Fig. 44-12. Circuit diagram for a tuner in which the oscillator is a push-pull typt.. 
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Principle of a resonant line used as an oscillator tuning element. 

the bottom oscillator line. The center-tapped coil for channel 2, at. the extreme right, remains in the cir-
cuit at all times. Contacts on the rotors of two selector switch wafers connect the other coils succes-
sively in parallel with the channel 2 coil for tuning the remaining channels from 3 through 13. The r-f plate 
and mixer grid circuits are tuned by shorting contacts on two other switch wafers. 

RESONANT LINE OSCILLATORS. There is still another way of tuning television r-f oscillators, we 
may use a quarter-wave shorted resonant line. A shorted resonant line consists of two parallel conductors 
which are shorted together at one end and connected to some radio or television circuit at the other end. 
If the lengths of the two conductors are made equal to one-quarter of a wavelength of radiation in space, 
the line will behave exactly like a parallel resonant circuit at the frequency corresponding to the wave-
length. The subject of resonant lines will be discussed at more length in a later lesson. It is possible to 
take short circuited and open circuited conductors of certain lengths and have them behave like parallel 
resonant circuits or series resonant circuits at certain frequencies, and like either capacitance or induct-
ance at other frequencies. 

Fig. 44-13 illustrates the principle of an oscillator tuned by means of a quarter-wave shorted line. At 
the right is a twin-triode oscillator tube with the same grid and cathode connections as in the final dia-

gram, number 4 of Fig. 44-11. But instead of having a tuning coil connected between the plates there are 
two long parallel conductors with a shorting bar which is a conductor arranged to move along the conduct-
ors while maintaining electrical contact with both of them. The effective length of this resonant line is 
the distance from the plates to the shorting bar. The remainder of the line, at the left, is simply shorted 
out of the circuit and has no effect on performance. 

If the effective length of the resonant line is made about 13.9 inches, by moving the shorting bar, the 
line is equivalent to a parallel resonant circuit which is tuned to the mid-frequency of channel 13. Moving 
the bar farther from the plates will lower the resonant frequency. With an effective length of about 16.7 
inches the line would be resonant at the mid-frequency of channel 7. A length of about 34.8 inches would 
be resonant for channel 6, and a length of about 51.8 inches would tune for channel 2. 

The lengths of line for tuning in the low-band channels are prohibitively great for a television tuner. 
So we replace the straight lines with suitable coiled conductors whose electrical lengths are those re-
quired for the various frequencies. Then we have an oscillator system whose connections are as shown at 
the bottom of Fig. 44-14, which is a circuit diagram for a tuner using shorted resonant lines for not only 
the oscillator but also for the r-f amplifier plate circuit, at the top, and the mixer grid circuit, through the 
center. 

The shorting bars of this tuner are shown all the way to the right, in position for tuning channel 2. 
These bars really are the movable contacts on the rotors of two wafers in a rotary selector switch. The 
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Fig. 44-14. 
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Circuits of a tuner in which quarter-wavelength shorted resonant lines are 
used for tuning the r-f plate, mixer grid, and oscillator circuits. 

sections of resonant line for low-band channels are small coils, with larger coils (of greater electrical 
length) between the positions for channels 6 and 7. line sections for high-band channels are straight or 
bent wires, depending on the required changes of electrical length for each successive channel. Between 
the oscillator plates and the switch positions for channel 13 are coils or loops whose effective length is 
adjusted for tuning channel /3 during the work of alignment. Alignment adjustment is provided also for the 
coils between positions for channels 6 and 7, just as with many other tuners. 

This completes our examination of the principal features, both electrical and mechanical, of television 
tuners which are in general use. There are minor variations which have not been shown, but by now you 
should have enough understanding of design and performance in general that such matters will cause no 
difficulties. As an example of what you may find, there are turret tuners and also selector switch tuners 
designed to handle only seven or eight channels instead of all twelve. With turret tuners of this class it 
is necessary to insert inductor strips suited for the particular channels which are used in your locality. 
With selector switch tuners of this class each alignment adjustment may be varied over a frequency range 
wide enough to suit either of two channels. You then make the alignments for whatever channels can be 
received where the receiver is used. 

We are not yet ready to undertake the alignment of television receivers, not even the tuners. First it is 
necessary to become acquainted with all the parts and circuits which follow the tuner, so that you will 
appreciate the dependence of each one on all the others. In the following lesson we shall proceed to the 
i-f amplifiers, which come right after the tuner as we follow the signal. 
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TELEVISION I- F AMPLIFIERS 

The television i-f amplifier consists of two or more pentode tubes with their necessary interstage cou-
plers, all connected between the plate of the mixer and the input to the video detector diode. 

Fig. 45-1 is a picture of a typical string of four i-f amplifier tubes and couplers as they would appear 
when removed from a chassis and arranged in order between a tuner and a video detector tube. The tubes 
from left to right on the tuner are the r-f oscillator, the mixer, and the r-f amplifier. To the plate of the 
mixer would be connected the coupler which is placed in front of the tuner and slightly to its right. This 

coupler feeds into the first i-f amplifier tube. 

The output of the first i-f amplifier goes to a second coupler. After this second coupler comes the sec-
ond i-f amplifier tube, which is followed by another coupler mounted within a shielding can. This third 
coupler feeds into the third i-f amplifier tube. The output of this amplifier goes to the next coupler, which 
is a small unshielded type. Then follow the fourth i-f amplifier tube, another small unshielded coupler, and 
finally the video detector tube at the extreme right. 

The i-f amplifier tubes and intervening couplers most often are arranged in a fairly straight line on the 
receiver chassis. This line of tubes and couplers will commence at or near the tuner and will extend to-
ward the rear of the chassis. Quite often the first coupler or transformer, the one connected between mixer 
and first i-f amplifier, is mounted on the tuner. 

The parts which we call couplers, when used between successive tubes in an amplifying system, often 
are called transformers. We call them couplers because a coupler is any device which transfers signal en-
ergy by any means from one tube or circuit to another tube or circuit. Couplers may operate with inductive, 
capacitive, or resistive coupling, or with combinations of these methods. Some couplers have a single 
winding or coil, others have two or three windings, and still others have no windings at all, but have resis-

tors, capacitors, or both. 

A transformer is a device having two or more windings with a single or common magnetic circuit. Trans-
formers are couplers utilizing mutual induction. All transformers are couplers, when used between tubes or 
tube circuits, but all couplers are not transformers — just as all cows are animals, but all animals are not 
cows. In spite of this it is rather common practice to apply the name transformer to any kind of coupler. 

SOUND TAKEOFF POINTS. At A in Fig. 45-2 the takeoff for sound i-f signals is shown as immediately 
following the mixer tube. All the i-f stages thP" are designed for or intended to handle only the picture 
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Fig. 45-1. Couplers and tubes of an i-f amplifier system as they are used between the tuner and the video 
detector. 

and sync signals, or only the video signals. The entire amplifier shown here may be called a video i-f am-
plifier, as distinguished from the sound i-f amplifier which receives sound i-f signals from the mixer. 

In diagram R both video i-f and sound i-f signals go from the mixer through the first i-f amplifier. Then 
the sound signals are taken off and fed to the sound section, while picture and sync signals (video signals) 
go through the remainder of the i-f amplifier to the video detector. In some receivers the sound i-f signals 
and video i-f signals go through more than one of the i-f amplifiers before coming to the sound takeoff 

The amplifiers and takeoffs illustrated at A and B are called dual sound systems or split sound systems. 
The sound i-f amplifiers of receivers using this system operate at the sound intermediate frequency, which 
is the difference between the r-f oscillator frequency and the sound carrier frequency. 

In diagram C of Fig. 45-2 both kinds of i-f signals go from the mixer through all the i-f amplifiers and 
into the video detector. The two i-f frequencies beat together in the video detector, which is acting like a 
second mixer at the same time that it acts as a detector. The result is a beat frequency centered at 4.5 
megacycles. The beat always is of this exact frequency because video and sound intermediate center fre-
quencies always are exactly 4.5 megacycles apart, just as are the video and sound carriers. This is celled 
an intercarrier sound system. 

The 4.5 mc beat frequency carries the frequency modulation of the sound signal. This modulated f-m 
signal is taken off at some point following the video detector and is fed to the sound section. The i-f am-
plifying portion of the sound section then operates at a center frequency of 4.5 mc, not at the sound inter-
mediate frequency which is the difference between oscillator and carrier frequencies. The intercarrier 
sound system is used in most makes and models of recently designed receivers. 

VIDEO I-F RESPONSE. In an earlier lesson we learned that the video intermediate frequency is higher 
than the sound intermediate frequency, although the video carrier frequency is lower than the sound carrier 
frequency. This always is true when the r-f oscillator frequency is higher than received carrier frequen-



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 45 — Page 3 

o 

MIXER 

TO SOUND SECTION TO SOUND 
VIDEO AND 

VIDEO 0 SOUND 
VIDEO 

e  .A  r______A____   

AMPLIFIERS 
11) DETECTOR MI X ER 

VIDEO AND SOUND 
 /1/4  

AMPLIFIERS 

I-F AMPS. 
DETECTOR 

( VIDEO 

AMP. 

Fig. 45-2. Various points of sound takeoff. 

DETECTOR 

 TO SOUND 

PICTURE 
TUBE 

cies. However, were the oscillator frequency to be lower than the carrier frequencies, then the oscillator 
frequency would be subtracted from the carrier frequencies to arrive at the intermediate, and the sound in-
termediate frequency would be higher than the video intermediate. 

We learned also that the i-f amplifier must have a frequency response that compensates for unequal 
strengths at which low and high modulation frequencies are transmitted by the vestigial sideband method. 
When first we discussed vestigial sideband transmission and the form of video i-f amplifier response re-
quired to receive such transmission, the ideal video i-f response was shown as at A in Fig. 45-3. One side 
of this response is sloped, and the video intermediate frequency is located on this sloped side at a point 
where the gain or amplification is at 50 per cent of maximum. 

When doing service work you often will see the video i-f response traced out on the screen of an oscillo-
scope. The form of the response curve will not be exactly like the ideal, because commercial amplifier 
circuits cannot produce this ideal response of gain versus frequency. The actual form will be more like 
the curve shown at B. On the curves at A and B the video intermediate frequency is to the left of the 
sound intermediate frequency. The video intermediate is a higher frequency than the sound intermediate, 
so in these two curves the frequency is being shown as increasing from right to left. 

Most oscilloscopes are so designed that their traces show frequency increasing from left to right. Con-
sequently, the trace on the oscilloscope screen usually would appear as at C. This is the same response 

as at B, but is reversed with respect to right and left, or with respect to frequency. 
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The response curves at B and C are "right side up", meaning that maximum gain is at the top and zero 
gain at the bottom. With some oscilloscopes and with some connections to receiver circuits the traces will 
be "upside down", with zero gain at the top and maximum gain at the bottom. Then the trace first shown 
at B, where frequency is increasing from right to left, will be changed to the one at D, where frequency 
still increases in the same direction. The trace first shown at C, with frequency increasing from left to 
right, will be changed to the one at E, where the direction of frequency increase is unchanged but the po-
larity is inverted. All curves of Fig. 45-3, except the one at A, show exactly the same frequency response. 

In theory the video intermediate frequency should be exactly 50 per cent down on the i-f response. In 
actual practice it often is advantageous to make alignment adjustments which bring the video intermediate 
frequency higher up, even to a point where this frequency is only 25 per cent down or is at 75 per cent of 
maximum gain. A good many receivers give best performance with the video intermediate frequency at 55 
to 60 per cent of peak gain. In no case should this frequency be below the 50 per cent point. 

Incorrect adjustment of 1,4 oscillator frequency can displace both the video and the sound intermediate 
frequencies on the i-f response curve, and cause serious difficulties in reception. This is shown at the 
top of Fig. 45-4. In diagram A we have an i-f responseof reasonably good form and have satisfactory place-
ments of the two intermediate frequencies on this response. The two intermediates are separated by 4.5 
mc, which is something you never can change. 

VIDEO I F 

VIDEO 
INTERMEDIATE 
FREQUENCY 

A 

SOUND 

FREQUENCY 

FREQUENCY 

VIDEO 

SOUND 
IF 

SOUND 

VIDEO 

SOUND 

VIDEO 

Fig. 45-3. How the overall response of an i-f amplifier may appear on the screen of an oscilloscope. 
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Fig. 45-4. Effects of incorrect adjustmenu of r-f oscillator frequency, and of incorrect shaping of the over-
all response curve. 

In diagram B the r-f oscillator frequency is too low. Since the same oscillator frequency beats with both 
the video and sound carriers, both the intermediates will be lowered in frequency. Lowering the video in-
termediate frequency brings it higher up on the response curve, and lowering the sound intermediate moves 

it clear off the response, or to a point where response is zero. 

To determine the results of such lowering of the r-f oscillator frequency we must consider the relation of 
modulation frequencies to the video intermediate frequency. Low frequencies of modulation lie nearest the 
intermediate frequency, high modulation frequencies are farther from the intermediate. In the curve shown 
at B the highest frequencies of video modulation are at points where gain is very low or is zero, and these 
frequencies are not suitably amplified. The high video frequencies carry all the fine details of the pic-
tures, so we now will have lack of detail or poor definition in the pictures. With a dual sound system there 
will be no sounds from the speaker, because the sound intermediate frequency is moved outside the pass-
band of the sound i-f amplifier as well as being at zero gain. With an intercarrier sound system there will 
be no sound reproduction if the sound intermediate really is at a point of zero gain. However, with this 
type of sound system there is adequate reproduction in most sets even when the sound intermediate is at a 
point where gain is as little as two or three per cent of maximum, so unless the r-f oscillator is away off 

its frequency on the low side we still may have good sound. 

Now look at curve C of Fig. 45-4. Here the r-f oscillator frequency is too high. The video intermediate 
is moved to a point of weak gain, and the sound intermediate is at a point of fairly high gain. We have 
weakened the amplification of low video frequencies, which lie close to the video intermediate. All our 
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sync pulses are in this low-frequency region, so the picture may fail to remain synchronized and may move 
either vertically or horizontally on the picture tube screen. We have also dropped the amplification for the 
lower frequencies of modulation, which carry the bold outlines of the pictures. Consequently, the pictures 
will lack brilliance, they will appear dull and lifeless. 

With the oscillator frequency too high we again will have no sound reproduction from a dual sound sys-
tem, because the sound intermediate frequency again is outside the bandpass of the sound i-f amplifier. 
With intercarrier sound there will be a loud buzz from the speaker, for reasons which we shall talk about 
whet coming to the subject of trouble shooting in general. With either type of sound system it may be pos-
sible for sound modulation to get to the picture tube, where it can produce dark horizontal bars across the 
pictures. These are called sound bars. 

Troubles similar to those caused by wrong oscillator frequencies can happen when you or someone else 
aligns the i-f amplifier in a way to produce incorrect forms of response curves, as at the bottom of Fig. 
45-4. At D the frequency bandpass has been made too narrow. Even though the oscillator is adjusted for 
correct placing of the video intermediate frequency, the sound intermediate is away beyond the limit of the 
curve, it is zero. At E the alignment has been such as to make the passband too wide. Now, with correct 
placement of the video intermediate frequency, the sound is far too high on the gain curve. 

If you adjust the r-f oscillator to bring in the sound with a response as at D, the video intermediate will 
drop to zero gain, for separation always remains 4.5 mc. If you adjust the oscillator to lessen the sound 
gain with the curve at E, the video intermediate will come up to peak response, and there will be over—am-
plification of low modulating frequencies. 

INTERMEDIATE FREQUENCIES. There are a number of different intermediate frequencies used in var-

Fig. 45-5. Impedance couplers, one with its core taken out of the winding form. 
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ions makes and models of television receivers. The video and sound intermediate frequencies are speci-
fied for each receiver by its manufacturer. Correct response at these frequencies is obtained by alignment 
of the video i-f couplers to correctly shape the response curve of the amplifier system. 

Intermediate frequencies originally are chosen to avoid, so far as is practicable, pickup of interference 
frequencies by the i-f amplifier circuits, and formation of the receiver intermediate frequencies by beating 
of the many kinds of interference signals that may come through the tuner. These interferences may result 
from transmissions by radio amateurs and by other radio services whose carrier frequencies are within the 
range commonly used for television intermediate frequencies. They may result also from image frequencies 
of television channels other than the one being received, or from f-m broadcast transmitters, or from oscil-
lator radiation by other television receivers in the neighborhood, and from harmonics formed by many kinds 
of interference. 

Sound and video intermediate frequencies which are in general use are listed by the accompanying table. 

TELEVISION INTERMEDIATE FREQUENCIES 

In Megacycles 

SOUND VIDEO SOUND VIDEO 

21.25 
21.3 
21.6 
21.75 
21.9 
99.0 

25.75 
25.8 
26.1 
26.25 
26.4 
26.5 

22.1 
22.25 
31.5 
31.63 
32.8 
41.25 

26.6 
26.75 
36.0 
36.13 
37.3 
15.75 

TYPES OF I-F COUPLERS. The simplest coupler used in i-f amplifier systems is the tuned impedance 
type consisting of a single winding with a movable core. A complete coupler of this type is shown at the 
le:t in Fig. 45-5. At the center is one of the movable cores attached to a threaded stud or screw used for 
adjustment. At the right is a coupler winding and supporting form from which the core was removed. 

A tuned impedance coupler may be connected between the mixer tube and the first i-f amplifier, or be-
tween two amplifiers, as shown by Fig. 45-6. In all diagrams except number 2 there is a blocking capacitor 
Cc which insulates the grid of the second tube from the high positive voltage in the plate circuit of the 
first tube. This blocking capacitor is of such value that its reactance at usual operating frequencies is 
less than 100 ohms. Consequently, so far as transfer of signal voltage or current from the first to second 
tube is concerned, this capacitor offers practically no opposition; it serves only to isolate the second grid 
and allow maintaining a negative bias while allowing signal currents to pass from tube to tube. 

In diagram I the coupler is connected between the plate of the first tube and the source of B-plus volt-
age. Although there is no capacitor across the winding we nevertheless have here a paralled resonant cir-
cuit acting as a plate load. The capacitance necessary for parallel resonance is furnished in part by the 
distributed capacitance of the winding. More is furnished by stray capacitance of wiring and tr_be sockets. 
The remainder is the internal output capacitance of the first tube and the internal input capacitance of the 
second tube. All these capacitances are represented by the broken-line symbols Cp and Cg of diagram 2. 
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Fig. 45-6. Connections of impedance couplers in i-f amplifiers. 

They are effectively in parallel with the coupler inductance. Capacitor Cc is omitted from this diagram 
illustrating principles because, as explained, this capacitor has negligible effect on tuning. 

The coupler is tuned to resonance by moving its core to vary the inductance, and with the fixed parallel 
capacitances, to produce resonance at a frequency within the range of desired video i-f response. The 
tube whose plate load is formed by the coupler will have maximum amplification at the tuned frequency, 
for at this frequency there is maximum impedance. The amplified signal voltage appearing across the cou-
pler is applied to the grid of the second tube. 

As shown by diagram 3 there may be shunt feed, with the tuned impedance coupler connected on the grid 
side rather than on the plate side of capacitor Cc. D-c plate voltage for the first tube is here furnished 
through the radio-frequency choke coil RFC. This choke has high impedance at all the video intermediate 
frequencies to be amplified, and retards escape of signal current and voltage to and through the B-supply 
lines. Keeping in mind that capacitor Cc merely isolates the second grid while allowing passage of signal 
current, we have in diagram 3 essentially the same action as in diagram 2. 

In diagram 4 a high resistance at Ro replaces the radio-frequency choke of diagram 3. This resistor re-
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Fig. 45-7. Impedance coupler unit with sound takeoff winding on the outside. 

tards escape of signal current and voltage through the B-supply, and forces them to go through capacitor 
Cc to the impedance coupler and the grid of the second tube. Otherwise the action is the same as in dia-
gram 2. 

At the left in Fig. 45-7 is a picture of a unit having a large-diameter tubular form inside of which, down 
close to the bottom, is a small impedance coupler similar to those illustrated by Fig. 45-5. The adjustment 
screw for the movable core lf this coupler extends downward through the bottom of the large form. The 

coil of heavy wire which is around the outside of the form is a winding for sound takeoff. A movable core 
for tuning this takeoff winding is adjusted by a threaded stud which extends up through the top of the large 
form. 

The circuit for this combined impedance coupler and sound takeoff is shown at the right. The impedance 
coupler is connected between the plate of a mixer and the grid of the first video i-f amplifier tube. The 
action of this coupler is exactly the same as described in connection with Fig. 45-6. There is enough in-
ductive coupling between the impedance coupler inside the large form and the sound takeoff winding on the 

outside that the takeoff winding acts as the secondary of a transformer. Tuning capacitance for the take-
off winding is provided chiefly by a fixed ceramic capacitor which is plainly visible on the left of the form 
in the photograph. 
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Many i-f couplers consist of a transformer with its primary winding in the plate circuit of the first tube 
and its secondary in the grid circuit of the second tube, as at A in Fig. 45-8. If the two windings are tuned 
to the same frequency there will be maximum energy transfer and maximum response or gain at the tuned 
frequency. In order that the two windings may be resonant at the same frequency the product of inductance 
and capacitance on the primary side must be equal to the product of inductance and capacitance on the 
secondary side. 

Across the primary winding there is the output capacitance of the first tube and the other capacitances 
in the plate circuit. Across the secondary there is the input capacitance of the second tube and other ca-
pacitances in the grid circuit. These primary and secondary capacitances ordinarily will not be equal, and 
even were they made so to begin with, the equality would be upset when replacing either of the tubes. Two 
tubes, even if the same type, seldom will have exactly the same internal capacitances. 

For tuning plate and grid windings to the same frequency an adjustable trimmer capacitor could be con-
nected across either winding,or trimmers could be across both windings, as at B in Fig. 45-8. Were only 
one of the windings variably tuned in this manner, the adjustable trimmer could be set to combine its ca-
pacitance with that of the tube and circuit so that there would be a match for the fixed tube and circuit 

AGC 

o 

B+ AGC AGC 

Fig. 45-8. Tuning of transformer windings to the same frequency. 
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Fig. 45-9. Coupling transformer constructed with a bifilar winding. 

cupacitance on the other side. Because one of the major problems in design and construction of i-f ampli-
fying stages is reduction of circuit capacitance, this method of adding still more capacitance for tuning is 
not often used. 

The primary and secondary inductances can be made adjustable for tuning to the same frequency, with 
whatever circuit capacitances may exist, by providing movable cores in both windings. This is shown by 
diagram C. This method allows retaining minimum possible circuit and tube capacitances while still tuning 
both windings to resonance at the same frequency. 

Still another method of using transformer coupling is shown at D in Fig. 45-8. The primary winding is 
tuned by the circuit and tube capacitance on the plate side. The secondary is adjustably tuned by a mov-
able core. Across the secondary winding is connected a resistor which broadens the frequency response 
sufficiently to cover the band required in the one coupling. 

A transformer made with what is called a lifilar' winding is illustrated by Fig. 45-9. The wires for pri-
mary and secondary are laid side by side and are wound thus for the entire length of the coil. This results 
in very close coupling between plate and grid circuits, and a high rate of signal energy transfer. There is 

a single movable core which alters the inductance of both windings at the same time. The inductances of 
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primary and secondary windings are practically equal, since both have the same number of turns, same dia-
meter, and same length. In most amplifiers constructed with this type of transformer there is a band broad-
ening resistor connected across either the primary or secondary. One of these resistors, connected from 

grid to ground, is shown in the circuit diagram of Fig. 45-9. 

STAGGER TUNING. All of the couplers which we have so far discussed provide the familiar form of 

frequency response having a peak at the tuned resonant frequency and sides sloping down to zero at fre-
quencies below and above resonance. None of them, by itself, provides a response such as required from 
the entire video amplifier system. As you will recall,this overall response must be down about 50 per cent 
at the video intermediate frequency and must not extend far, if any, beyond the band covered by a channeL 

By combining in the video amplifier system the responses of three or more couplers having peak gains at 
suitable frequencies it is easily possible to obtain an overall response satisfying all requirements. Fig. 
45-10 is a circuit diagram of an i-f amplifier system in which there are four single-peaked impedance cou-
plers. The first two couplers are in the plate circuits of the mixer tube and the first i-f amplifier tube. 
The third coupler is in the grid circuit of the third amplifier tube, and the fourth coupler is in the video de-
tector circuit. The plates of the second and third amplifier tubes are connected to the B-supply through 
radio-frequency chokes. The grids of the first and second amplifier tubes are connected to a source of 
automatic gain control, and have minimum negative biases provided by cathode resistors. The third ampli-

fier operates with only cathode bias. 

In a particular receiver containing this i-f amplifier system, the sound intermediate frequency was to be 
21.6 mc and the video intermediate frequency 26.1 mc. The first and third impedance couplers were align-
ed to have their peak responses at 25.6 mc. The second and fourth couplers were aligned for peak response 

at 23.4 mc. The frequency responses of the individual couplers from first to fourth are shown in the first 

MIXER 1st 

I- F AMPLIFIERS 

2nd 3rd 

VIDEO 
DETECTOR 

Fig. 45-10. An i-f amplifier circuit in which there are four impedance couplers. 
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Fig. 45-11. How the responses of several single-peaked couplers may be combined by stagger tuning. 

four curves of Fig. 45-11. These four separate stage responses produce an overall response as shown by 
the bottom curve. The video intermediate frequency is at about 60 per cent of maximum gain, and the sound 
intermediate is down around 3 per cent of maximum. This is a satisfactory gain for the sound intermediate 
frequency, since the receiver uses an intercarrier sound system. 

This general method of obtaining an overall i-f response of suitable shape is called stagger tuning. It is 
possible to obtain a desired overall response by using any of many different combinations of peak frequen-
cies for the several couplers. It is essential that the two couplers preceding and following any one tube 
be peaked for different frequencies. Were the couplers on both sides of the same tube to be resonant at the 
same frequency there nearly always would be enough feedback of signal energy through the tube capaci-
tance to cause oscillation. The tube would act as an oscillator rather than as an amplifier. 
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We should note that the gains or amplifications in successive stages do not add together at a particular 
frequency, instead they multiply. For example, were there a gain of 5-to-1 at 25 mc in one stage, and a 
gain of 4-to- 1 in a following stage at this same frequency, the total gain for the two stages at 25 mc would 
be 20-to- 1, which is the product of 5 and 4. Because of this fact it is not only the peak frequencies of the 
various couplers which determine the shape of the overall response, it is the shapes of the responses of 
all the couplers. That is, it is not only the gains at the peak frequencies which are of importance, but it 
is the product of the gains at all frequencies which determine the overall gains at all frequencies. Should 
there be zero gain at some certain frequency in any one stage, that frequency would be zero in the overall 
response no matter how much amplification it might receive in other stages. Any amount of gain multiplied 
by zero becomes zero gain. 

When there are four couplers and three amplifier tubes in the i-f system it is general practice to tune the 
first and third couplers for the same frequency, and to tune the second and fourth couplers to another fre-
quency, as in the example which has been illustrated. As a general rule the peak frequency for two of the 
couplers will be a fraction of a megacycle lower than the video intermediate frequency, and the peak fre-
quency for the other two couplers will be somewhat less than 2 megacycles above the sound intermediate 
frequency. In some receivers all four couplers are peaked at different frequencies. If there are only three 
couplers and two amplifier tubes the couplers will be peaked at three different frequencies. 

When there are five couplers and four i-f amplifier tubes it is most common practice to tune all the cou-
plers to different peak frequencies. As a general rule two of the couplers will be peaked slightly below 
the video intermediate frequency, two more will be peaked around a half to one megacycle above the sound 
intermediate. The fifth coupler will be peaked somewhere in between to prevent formation of a" valley" 
between the two overall peaks, as occurs in the response shown at the bottom of Fig. 45-11. There are 
some receivers in which two of the four couplers are peaked at the same frequency, with the remaining 
couplers peaked at three different frequencies. 

In i-f amplifying systems containing fewer than five couplers it is somewhat of a problem to obtain an 
overall frequency response that is sufficiently wide without having an excessively deep valley between 
two peaks at higher and lower frequencies. The passbands or frequency responses of the several peaked 
couplers often are broadened by connecting resistors across the coupler windings or across the parallel 
resonant circuits of which the couplers are a part. Broadening resistors often are of such values as 5,600 
ohms, 8,200 ohms, or 10,000 ohms, but they may have resistances as low as 2,000 ohms or as high as 
50,000 ohms. 

A broadening resistor is easily recognized in a circuit diagram when it is connected across a transformer 
winding as at R in diagram 1 of Fig. 45-12, or across the winding of an impedance coupler. But a resistor 
may be located anywhere in a resonant circuit and still broaden the response. We might have connections 
such as in diagram 2, where resistor R affects the passband because it is in the high-frequency circuit 
completed through capacitors from the top of R to the top of the impedance coupler and from the bottom of 
R to ground and the bottom of the coupler. 

In diagram 3 the broadening resistor is in the high-frequency circuit completed through three capacitors; 

one to ground from the bottom of R, another from ground to the bottom of the impedance coupler, and a third 
between the top of the impedance coupler and the grid. Resistors marked R in diagrams 2 and 3 are part of 
the d-c grid return paths to the automatic gain control voltage sources. From the appearance of the circuit 
connections these broadening resistors and the capacitors connected to the grids could be mistaken for 
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Fig. 45-12. Some locations for band-broadening resistors. 

grid-leak biasing circuits. However, the values of resistance always will be much less than used for this 
kind of biasing. 

Resistors which are in series with amplifier tube cathodes, and which have no bypass capacitors, cause 

the action which is called degeneration. Degeneration broadens the frequency response, as we shall learn 
when studyingbroad band amplifiers a little later. % hen a tuned circuit of any kind is connected to a diode 

video detector the response is relatively broad, because the diode "loads" the circuit in a manner which 
has the same effect as a paralleled resistance. 

COUPLERS WITH DOUBLE-PEAKED RESPONSE. If the primary and secondary of a coupling trans-
former are separately tuned to two slightly different frequencies the response will have two peaks, one for 

each frequency. lthough this broadens the passband, it is a method not commonly employed because the 
energy transfer and resulting gain is considerably less than when both windings are tuned to the same fre-
quency. 

If the degree of coupling in a transformer or in any other type of coupler can be increased beyond what 
is called ' critical coupling', the single resonant peak will be replaced with two separated peaks when both 
parts of the transformer or cGtipler are tuned to the same frequency. The greater the degree of coupling or 
the closer the coupling, the greater will be the frequency separation between the two peaks. Thus an in-

crease of coupling beyond the crit;cal value will broaden the response while maintaining high gain. 
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There are numerous ways of obtaining a coupling sufficiently close to produce a double-peaked re-
sponse. Some are shown in diagram form by Fig. 45-13. With all of these methods the plate and grid cir-
cuits may be independently tuned to the same frequency using the existing circuit and tube capacitances 
with the adjustable inductances to produce resonance. Also, with all methods illustrated here, the cou-

pling is adjustable so that frequency separation between the two resonant peaks may be varied to secure 
the necessary width of pass band. All the couplings are shown connected between two pentode amplifiers. 
They might be used also between a mixer and an i-f amplifier or between an i-f amplifier and a diode de-

tector. 

In diagram I inductances Lp and Lc are in the plate circuit. They are tuned together for resonance at 
the desired frequency. Inductances Lg and Lc are in the grid circuit. With any value of inductance to 
which Lc has been adjusted, the inductance of Lg may be aligned for resonance at the same frequency for 
which the plate circuit is tuned. The .greater the inductance and inductive reactance at Lc, winch is in 

both the platecircuit and the grid circuit, the closer will be the coupling and the greater the separation be-
tween resonant peaks. Thus the inductor at Lc determines the coupling and also affects the tuning, while 

the other two inductors have their chief effect on tuning. 

In diagram 2 the plate circuit is tuned to resonance at the desired frequency by alignment of inductor Lp. 
The grid circuit is tuned to resonance at the same frequency by alignment of inductor Lg. Coupling is var-

o 

o 
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Ca 

it 

B 

Lp 

Lg 

Fig. 45-13. Types of couplers which give double-peaked responses and have adjustable degrees of cou-
piing for peak separation. 
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ied by alignment of capacitor Ca. The smaller the capacitance and the greater its reactance the weaker or 
looser becomes the coupling, while more capacitance and less reactance increases the coupling. In order 
that this capacitor may vary the coupling its reactance always must be great enough to offer considerable 
opposition to passage of signal currents through it. If the capacitance is too great and the resulting react-
ance too small, the unit acts merely as a blocking capacitor to isolate the grid bias from the plate voltage. 

In diagram 3 the plate circuit again is tuned to resonance by inductor Lp and the grid circuit is tuned to 
the sanie frequency by inductor Lg. The degree of coupling is determined by variable capacitor Ca, which 
is acting as a sort of shunt between ground and the top connection between plate and grid circuits. The 
less the capacitance and the greater the capacitive reactance at Ca the closer becomes the coupling and 
the greater is the frequency separation between resonant peaks of the response. Nlore capacitance and less 
reactance at Ca weakens the coupling. 

The response of a single coupler of the double-peaked variety might be made broad enough to cover both 
the video and the sound intermediate frequencies, but the sides or skirts of the curve would have such gen-
tle slopes as to extend into adjacent channels. But when several such couplers are used, one after another 
in the i-f stages, the skirts become steeper while there is an increase of gain. 

SOUND I F I I VIDEO 1 F 
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Fig. 45-14. Responses when including successive 

stages coupled through double-peaked units. 
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Fig. 45-15. Responses of successive stages 

having double-peaked and single-peaked couplers. 
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Fig. 45-14 illustrates successive responses as a signal is put through four couplers, each of which has 
a very broad pass band when used alone. The response curves are taken with an oscilloscope conrected to 
the output of the video detector, while the signal generator is moved back step by step to include addition-
al couplers between this signal source and the detector output. Curve A is the response of one coupler, 
with generator and oscilloscope connected as indicated by bracket A at the bottom of the figure. Curve B 
is taken with the generator moved back to pass the signal through one more coupler, as shown by bracket B 

down below. Curve C shows the response when three couplers are included, and curve D shows the overall 
response of the entire video amplifier system, with the generator feeding into the mixer grid and the oscillo-

scone still at the detector output. 

Couplers providing double-peaked response and others giving single-peaked response often are used to-
gether in the same i-f amplifier system. Fig. 45-15 shows frequency responses of a system in which the 
couplers, from mixer to video detector, consist of a double-peaked unit, then two single-peaked impedance 

couplers, and finally another double-peaked unit. The responses are shown by curves marked A to D. As 
shown by the diagram at the bottom of the figure the oscilloscope remains connected to the output of the 
video detector while the signal generator is moved successively back to include more and more couplers. 
letters on the brackets under the diagram show the couplers included for similarly lettered response 
curves. 

The response marked A is that for one of the double-peaked couplers. When the signal generator is 
moved back to include one-single-peaked coupler, in addition to the double-peaked unit, we have the re-
sponse of curve B. The single-peaked impedance coupler adds a high response peak at the frequency to 
which this coupler is tuned, at a point slightly lower than the video intermediate frequency. The broken-
line curve which has been added to response 13 corresponds to the original response at A with its height 
lowered enought to accommodate the new peak. Although all our response curves are shown of the same 
height, the gain actually would increase as more and more stages are included, and the curves would get 
higher and higher. To keep the responses within the size of the oscilloscope screen we keep lessening 

the output of the signal generator as the tests continue. 

Response curve C shows what happens when the signal generator is moved back to include another sin-
gle-peaked impedance coupler. This added coupler is tuned to a frequency somewhat higher than the sound 
intermediate frequency, and it adds a second peak at its tuned frequency. 

The final step is to move the signal generator back to the grid of the mixer tube, thus putting the signal 
through all four couplers, including the double-peaked unit that follows the mixer. The resulting response 
is shown by curve D. The effect of the added coupler is chiefly in narrowing the passband and in making 

steeper skirts on the response. 

There are numerous other combinations of single and double-peaked couplers in the same amplifier sys-
tem. In some receivers there will be two or more couplers whose total effect is a response with a dip or 
valley between two resonance peaks. Response at the valley frequency may be raised by using one single-

peaked coupler tuned to this frequency, thus leveling off the valley or removing it entirely. In other cases 
you will find one double-peaked coupler used with two or more single-peaked impedance couplers. The 
double-peaked unit helps to broaden the upper part of the overall response and increases the steepness of 

the skirts. 

In many i-f amplifier systems it is desirable or necessary to reduce the response at certain frequencies 
while leaving the gain as high as possible at other points. This is accomplished with a variety of wave 

traps, which we shall investigate in the following lesson. 



LEARN . . . 

KNOWLEDGE 

"The heights by great men reached mid kept 
Were not attained in sudden flight, 

But they, while their companions slept, 
Were climbing upward in the night." 

t.# 

4,-5o 

COMMERCIAL 
TRADES 
INSTITUTE 

AMBITION = SUCCESS 

ACT . . . 

COMMERCIAL TRADES INSTITUTE 
CHICAGO, ILLINOIS 



LESSON 46 

VIDEO DETECTORS AND TRAP CIRCUITS 

COMMERCIAL TRADES INSTITUTE 

ffl 

Chicago, Illinois 



COMMERCIAL 

TRADES 

INSTITUTE 

Chicago, III. 

LESSON 46 

VIDEO DETECTORS AND TRAP CIRCUITS 

At the output of the television i-f amplifier we have a signal at the intermediate frequency, with 

amplitude modulation for sync pulses and picture variations. This signal is demodulated by the video 
detector. The output of the detector contains the sync pulses and picture variations or picture signals. 
This detector output goes through the video amplifier system and from there to the grid-cathode circuit 

of the picture tube. 

(2)'I'he video detector could be any type which is capable of demodulating amplitude-modulated signals. 
It is, however, practically always a simple diode type. The diode detector is used for the same reasons 

as in a-ni sound receivers, because it is capable of handling strong signals with a minimum of distortion. 
In the majority of television receivers the detector is one section of a twin-diode tube, with the other 

section used for automatic gain control or for any of various other purposes. Instead of this thermionic 
or vacuum tube type of video detector quite a few sets have a crystal diode in this position. 

Fig. 46-1 shows two of the many video detector circuits which are in common use. The detector diode 
is the one section of the twin-diode that is connected into the circuits. Input to the detector is from 
signal voltage developed across the last impedance coupler in an i-f amplifier, but might just as well be 
be brought from the plate circuit of the final i-f amplifier tube in any other suitable manner. The i-f 
signal may be represented as at the lower left. When this signal is applied to the plate of the detector 

diode, as in the circuit diagrams, there is conduction through the diode only on the i-f alternations which 
make the plate more positive than the cathode, and there is no conduction on the opposite alternations. 

This action cuts off the negative side of the i-f signal and leaves the envelope of the positive side as 
the input to the video amplifier tube which follows the detector. 

In the circuit shown by diagram 1 there is a choke coil or inductor L in series with the detector out-
put.. This inductor has high reactance and impedance at the video intermediate frequency, but has rela-
tively low impedance at the picture and sync frequencies. Consequently, the inductor helps to prevent 
the high intermediate frequencies from getting into the video amplifier, but allows relatively free passage 
of the lower sync and picture frequencies. 

The detector load resistor is marked Ito. Across this resistor appears the demodulated signal voltage 
consisting of the sync pulses and picture variations which form the video signal. This video signal is 
applied to the grid of the following video amplifier through coupling and blocking capacitor Cc. The 
greater the resistance or impedance of the detector load the stronger is the signal voltage fed to the 
video amplifier. 
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The video detector circuit as shown by heavy lines on diagram 1, includes the i-f coupler, the diode tube, 
inductor L, load resistor Bo, and the ground connections leading back to the coupler. 

In the circuit shown by diagram 2 the inductor in series between the detector diode and video ampli-
fier is marked Ls. Sometimes this inductor is shunted by a broadening resistor. Here we have added to 
the detector load, in series with resistor Ro, a second inductor or coil Lo which is shunted by a broad-
ening resistor. In parallel with this detector load are the input capacitance of the video amplifier, the 
capacitance from cathode to ground of the diode detector, and various stray capacitances in the circuit. 
At the higher video frequencies of picture signals the reactances of these paralleled capacitances become 
quite low. Sin ce these capacitances are in parallel with the load they tend to make the effective impedance 
of the entire load become lower and lower as frequency goes up. 

The purpose of inductor Lo is to counteract the decrease of load impedance caused by tube and circuit 
capacitances. At the low video frequencies the inductive reactance of Lo is so small as to add very 
little to the resistance or impedance of Ito. But this reactance increases with rising frequency. At the 
higher video frequencies, where tube and circuits capacitances are acting to drop the load impedance, the 
reactance of inductor Lo is increasing, to raise the impedance. The result is a fairly uniform load im-
pedance at all video frequencies. 
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In diagram 1 of Fig. 46-1 the video amplifier tube is provided with cathode bias voltage which is 
insulated from the detector circuit by capacitor Ç. In diagram 2 there is a direct conductive connection 
between the detector cathode and the grid of the video amplifier, also through the detector load and i-f 
coupler to the detector plate. The entire detector circuit is connected to a source of bias voltage suit-

able for the amplifier grid. Various other amplifier bias methods might be used without affecting the 

operating principles of the detector. 

In the video detector circuit of Fig. 46-2 the signal voltage from the last coupler in the i-f amplifier 
system is applied to the cathode of. the detector diode rather than to the plate. Inductor Ls still offers 
relatively high impedance to intermediate frequencies which otherwise would get to the grid circuit of the 
video amplifier. Inductor Lo and load resistor Ro perform the same functions as earlier explained. There 
is a bypass capacitor Cb for carrying intermediate frequencies to ground as these frequencies come 

through the detector and are opposed in farther travel by inductor Ls. This bypass capacitor usually is 
used when detector output is from the plate, but usually is not employed when detector output is from the 
cathode, as in Fig. 46-1. There is enough capacitance from the detector cathode to ground to serve the 

same purpose. Capacitance at Cb usually is about 10 mmf. 

When the i-f signal voltage is applied to the detector cathode, as in Fig. 46-2, there is a conduction 
through the diode only when its cathode is more negative than its plate, or only during negative alter-
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I. 
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Fig. 46-2. A video detector circuit which provides a positive signal. 

To 
Video 
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Fig. 46-3. A shunt connected video detector. 

nations of the i-f voltage. This results in cutting off the positive side of the input signal and having in 
the demodulated output of the detector only the negative side, which is applied to the video amplifier grid. 

In an earlier lesson it was mentioned that the last coupler in the i-f system tunes rather broadly be-
cause of the load formed by the video detector. This loading varies directly with the value of the video 
detector load, which is the impedance of resistor fo, or of Ro in series with inductor Lo. The loading, in 
ohms, is equal to about one-half the detector load impedance. There is more or less loss of signal energy 
in the detector circuit. The peak output amplitude always will be lower than the peak amplitude of the 
applied i-f signal voltage. 

Still another connection for a diode used as a video detector is shown by Fig. 46-3. Here the diode :is 
in parallel with the i-f coupler and the detector load, which consists of inductor Lo and resistor Ro. 
voltage from the high side of the coupler is applied to the detector plate. The detector conducts when the 

plate is made more positive than the cathode, or conducts during positive alternations of the i-f voltage. 
But this conduction current goes to ground, not to the following video amplifier. During negative alter-
nations of the i-f signal there is no conduction through the detector, for its plate then is negative with 
reference to the cathode. Consequently, the negative alternations are the ones demodulated, and in the 

detector output we have the negative side of the input signal envelope. So far as polarity of the detector 
output is concerned this circuit is equivalent to the one shown by Fig. 46-2. 
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Fig. 46-4 shows one video detector circuit employing a germanium crystal diode instead of a thermionic 
tube type diode. The circuit itself is exactly the same as the one shown by Fig. 46-2. The only differ-
ence is in substitution of the crystal for the tube. The output polarity with the crystal connected as 
shown is just the same as with a tube similarly connected with reference to cathode and plate or anode. 

You will recall that the anode of a crystal diode is the part which corresponds to the plate in a tube. A 
crystal diode may be used instead of a thermionic diode in any of the detector circuits. 

DETECTOR OUTPUT POLARITY. If the output of the video detector as shown by Fig. 46-1 were 
passed through a coupling capacitor it would become an alternating current and voltage. In this alter-
nating signal voltage the sync pulses would be positive and the picture signals would be negative. Then 
we say that the detector output is negative, because we refer to output polarity with reference to picture 

s 

Were the detector output of Fig. 46-2 to be made an alternating current or voltage the picture signals 

would be positive and the sync pulses would be negative. In this case the detector output is said to be 
of positive polarity, because picture signals are on the positive side. 

Now let's go to the picture tube and see what signal polarity is required in order that light parts of the 
original image may be light in the reproduction, and dark parts may be dark. In diagram 1 of Fig. 46-5 the 
video signal is applied to the grid of the picture tube. In order that the screen of the picture tube may be 
made brighter when the signal changes from the black level to the white level the signal must be positive. 
That is, the picture variations must be positive with reference to the sync pulses whenever a video signal 
is applied to the picture tube grid. 

We might obtain a positive video signal directly from one of the video rectifiers whose circuits have 
been examined. But this signal would not be strong enough to operate the picture tube or to control the 
rate of electron flow in the picture tube beam. It is necessary to have at least one video amplifier stage 

between the detector and the picture tube so that the signal may be sufficiently strengthened. The video 

amplifier tube will invert the polarity of the signal. Consequently, at the grid of the amplifier we must 
have a negative signal. Such a signal would be furnished by the detector circuits shown in Fig. 46-1. 

Crystal 

Anode ± 

I - F Cathode 

Coupler 

.••••• 

••11/.. 
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Fig. 46-4. Circuit in which the detector is a crystal diode. 
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Fig. 46-5. Signal polarities when there is one video amplifier. 
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In diagram 2 of Fig. 46-5 the video signal is applied to the cathode of the picture tube. Now the signal 
must be of negative polarity, because making a cathode more negative has the same effect on plate current 
in an ampliiier or on beam current in the picture tube as though we made the grid more positive. The 
negative video signal at the picture tube cathode produces the same relative lights and shadows on the 
screen as are produced by a positive video signal at the grid. If we still use a single video amplifier 
between detector and picture tube it is necessary now to have a positive signal at the grid of the ampli-
fier, or a positive signal from the detector. This signal would be furnished by the detector circuits shcwn 

in Figs. 46-2 and 46-3. 

Fig. 46-6 shows polarities for the video signal when there are two video amplifiers between the detector 
and pictur, tube. The polarity is inverted by the first video amplifier and is inverted again by the second 

amplifier. W4e still must have a positive video signal for application to the picture tube grid, and a nega-
tive signal for application to the picture tube cathode. Since there is one additional inversion of polarity 
as compared with the single stage video amplifier, we have to use detector circuits providing for this 
extra inversion. The detector used for picture tube grid input with a single video amplifier now is used 
for picture tube cathode input with two amplifiers. The detector first used for cathode input to the picture 

tube now is used for grid input. 
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Fig. 46-6. Signal polarities required with ty,o video amplifiers. 

The easiest way to remember the signal polarity relations is to keep in mind that picture variations 
must be positive at the grid of the picture tube. If you don't forget this one fact there will be no trouble 

remembering that opposite polarity is needed for cathode input. From there it is easy to figure back to 
the detector output, for the signal must be inverted once in each video amplifier. The detector output 
polarity required in any receiver is determined by the number of video amplifier stages and by whether the 

signal is applied to the grid or the cathode of the picture tube. 

INTERFERENCE FREQUENCIES. Now we shall examine some undesired signal frequencies which 
may enter the video i-f amplifier system and cause trouble unless we take steps to reduce or eliminate 
these frequencies before they reach the video detector. First, let's see how the undesired frequencies 

are produced. 

Any signal frequency coming to the antenna and getting through the r-f amplifier to the grid of the mixer 

will beat with the r-f oscillator frequency to produce sum and difference frequencies at the mixer output. 
If these beat frequencies are within the response range of the video i-f amplifier they will be amplified 
and fed to the picture tube. We wish to amplify certain of the beat frequencies, but not others. 

In receivers having intercarrier sound systems we wish to amplify the beat which is the video inter-
mediate frequency up to 50 per cent of maximum gain, and to amplify the beat which is the sound interme-

diate up to something like 2 to 5 per cent of maximum. With dual or split sound systems we again want 
50 per cent gain for the video intermediate, but want no sound intermediate frequency at all in the output 

of the video i-f amplifier. 

To learn what actually happens in a particular case assume that the receiver is tuned for reception in 
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channel 8, and that the i-f amplifier is designed and aligned for a video intermediate frequency of 25.75 

mc and sound intermediate of 21.25 mc. The r-f oscillator will be tuned for a frequency 25.75 mc higher 

than the received video carrier frequency. Tie video carrier in channel 8 is at 181.25 mc, so our r-f 
oscillator frequency for this channel will be the sum of 181.25 mc and 25.75 mc, or will be 207.00 mc. 

Fig. 46-7 shows the beat frequencies which result from mixing of this oscillator frequency with video 

and sound carrier frequencies of channel 8, also with the carriers in adjacent channels 9 and 7. Each 
carrier frequency is shown subtracted from the oscillator frequency. The differences form the several 

beat frequencies. Down below is an overall frequency response curve such as might be had with an i-f 

amplifier. The broken lines show where the various beat frequencies fall on this response, or in relation 
to it. 

The sound intermediate for the received channel, which here is number 8, is called the accompanying 
sound frequency or may be called the associated sound frequency. The beat frequency resulting from the 

video carrier in the next higher adjacent channel (here number 9) is called the adjacent video frequency. 

It is 6 mc lower than the received video intermediate frequency. The beat frequency resulting from the 
sound carrier in the next lower adjacent channel (here number 7) is called the adjacent sound frequency. 
It is 1%2 mc higher than the received video intermediate. 

Channel 9 Channel 8 Channel 7 
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Fig. 46-7. Relations between video intermediate frequency and accompanying and adjacent frequencies. 
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Fig. 46-8. How a response curve may be altered by traps operating on the i-f amplifier. 

Adjacent video and adjacent sound frequencies are quite likely to fall on a point of the i-f response 
where there is considerable gain or amplification. For any ordinary design of i-f amplifier the selectivity 
is sufficient to completely cut off the sound beat frequency in the higher adjacent channel ( 15.25 mc on 
the graph) and to cut off the video beat frequency in the lower adjacent channel (31.75 mc on the graph). 

At the left in Fig. 46-8 is the overall response of an i-f amplifier in a receiver having a dual sound 
system. There should be no amplification of the accompanying sound frequency, nor of adjacent sound 
or video frequencies. Actually there is gain at all these unwanted frequencies. From zero at the low end 
to zero at the high end the frequency range is about 11 megacycles. 

Gain at the sound intermediate frequency is nearly half of maximum. Even though the sound takeoff 
follows the mixer in this receiver, fairly strong sound signal voltage will pass on into the i-f amplifier 
and the sound signals will be strongly amplified. These sound signals would cause dark horizontal bars, 
called sound bars, on the screen of the picture tube. To prevent such trouble the gain of the i-f amplifier 

must be dropped almost to zero at the sound intermediate frequency. There is considerable gain also at 
the adjacent sound and video frequencies. Adjacent sound frequency, when amplified, can cause the 
same kind of trouble as accompanying sound. Adjacent video frequency can cause unsatisfactory picture 
reproduction. The gain at both adjacent frequencies should be brought down practically to zero. % hen 
all these reductions are made, the overall i-f response will be as shown by the full-line curve at the right 
in Fig. 46-8. 

(2"y WAVE TRAPS. The dips where gain is dropped almost to zero in the response at the right are put 
there by means of wave traps. A wave trap is a parallel resonant circuit or a series resonant circuit con-
nected at some point in the i-f amplifier system where the trap will reduce signal strength at an unwanted 
frequency. 

The elementary principles off wave traps are illustrated by Fig. 46-9. In diagram 1 there is a parallel 
resonant trap in the line between the plate of one tube and the grid of another. A parallel resonant cir-
cuit has maximum impedance at the frequency for which it tuned. Therefore, this trap will greatly reduce 

the strength of signals at its resonant frequency when such signals try to pass from one tube to the other. 
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Fig. 46-9. Connections which illustrate the principles of trap circuits. 
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Signals at other frequencies pass through the parallel resonant trap circuit with relative freedom. A trap 
of this general type may be inserted in any line which would carry the frequency which is to be weakened 

or eliminated. 

In diagram 2 a parallel resonant trap circuit is inductively coupled to a tuning coil which is between 
the plate of one tube and the grid of a following tube. This coupling will allow induction of emf's in the 
coil and capacitor of the trap. At the frequency to which the trap circuit is tuned its induced currents 
will be large, and the energy to maintain these currents will be taken from the tuning coil and dissipated 

in the trap. Signal currents at the frequency to which the trap is tuned thus will be greatly weakened and 
and will reach the grid of the second tube with little or no strength. Other signal frequencies will suffer 
little absorption, and will pass from tube to tube with almost full strength. This type of parallel resonant 

trap may be coupled anywhere in the signal-carrying circuits. 

Fig. 46-10 pictures one way of constructing an inductively coupled trap. The bottom winding on the 
tubular form is that for an ordinary impedance coupler, which is tuned by a movable core whose threaded 
stud extends down below the mounting. The upper winding is that of the trap. To the ends of this trap 

coil is connected the small ceramic capacitor which appearsonthe left-hand side of the form. Thus we 
have, in practical form, the trap circuit illustrated by diagram 2 of Fig. 46-9. In addition, the actual trap 
has a movable core for tuning it to whatever frequency is to be weakened or eliminated. The threaded 

stud for tuning the trap extends from the top of the winding form. 
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Fig. 46-11. The large winding with its 

connected capacitor is a trap circuit. 

Fig. 46-11 shows another way of constructing the same type of inductively coupled trap. Inside the 
large tubular form is the usual kind of impedance coupler, with a movable core whose adjusting stud 
comes out through the bottom of the support. The coil of large wire around the outside of the form is the 
trap winding. A small ceramic capacitor is connected between the ends of the trap winding. The trap is 
tuned to its own frequency by a second movable core whose adjusting stud extends from the top of the 
form. Fig. 46-12 is a picture of the parts of this trap. At the left is the small impedance coupler which 
goes into the bottom of the large form. At the right is the movable core that tunes the trap to whatever 

frequency is to be attenuated. 

Now we may go back to Fig. 46-9 and look at some other elementary trap circuits. In diagram 3 there is 
a series resonant circuit in the line from the plate of one tube to the grid of a following tube. The im-

pedance of a series resonant circuit is minimum at the frequency for which the circuit is tuned, and this 
frequency will pass through with hardly any opposition, while all other lower and higher frequencies will 
be attenuated in greater or less degree. This type of trap would be tuned to the frequency which is not to 
be weakened. In a video i-f amplifier the series resonant circuit would be tuned to the video intermediate 

frequency. 

In diagram 4 of Fig. 46-9 a series resonant trap circuit is connected from the line between two tubes to 
ground. Since the series resonant circuit has minimum impedance at its tuned frequency this trap grounds 
its tuned frequency, or short circuits this frequency to ground and greatly weakens or attenuates it. The 

trap offers relatively high impedance at all other lower and higher frequencies, which then pass from the 
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Fig. 46-12. The small impedance coupler is mounted inside the form that carries the trap coil. 

plate of the first tube to the grid of the second tube. This grounding trap may be connected to any other 
points in the tube circuits from which a frequency is to be removed. 

Variably tuned traps often are constructed with an adjustable capacitor and a fixed inductance. One 
method of making a parallel resonant trap is shown by Fig. 46-13, where a small self-supporting coil of 
enameled wire is across the terminals of a trimmer capacitor having mica dielectric. The coil and capaci-
tor could be connected end to end to form a series resonant trap circuit. A trap may be constructed also 
with a coil such as illustrated connected across a fixed capacitor. A limited range of tuning adjustment 
is possible by spreading the coil turns farther apart for less inductance and higher frequency, or by 
squeezing the turns closer together for more inductance and a lower tuned frequency. 

Fig. 46-14 shows some actual television circuits in which there are parallel resonant traps offering 
high impedance and causing maximum attenuation of their tuned frequencies. The trap circuits are drawn 
with heavy lines. In diagram 1 the trap is between the plate of the first tube and the grid of the second 

tube. The trap is tuned to resonance by a capacitor. For signal coupling between the tubes there is a 

Fig. 46-13. A trap may be assembled from a coil and a trimmer capacitor. 
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Fig. 46-14. Connections for parallel resonant traps. 
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tuned impedance coil in the plate circuit and another one in the grid circuit, with each coupling coil 
shunted by a broadening resistor. 

In diagram 2 the parallel resonant trap circuit is of different construction. The trap coil is tuned by two 
capacitors in series. From between the capacitors there is a connection to ground. This ground con-
nection drains away signal energy at the undesired frequency which is to be attenuated by the trap. 

Diagram 3 shows a parallel resonant trap in the cathode line of an amplifier tube. Signal currents which 
are in both the grid circuit and the plate circuit of an amplifier must flow also in the cathode circuit. 
Therefore, with this trap tuned to an undesired frequency that particular frequency is attenuated in the 
grid circuit and also in the plate circuit of the amplifier. 

In diagram 4 a parallel resonant trap is connected to the output of a video detector. Intermediate fre-
quencies coming through the detector are opposed by the high impedance of inductor Ls. These inter-
mediate frequencies, which are being rectified by the detector, must pass through the i-f coupler Li, the 
diode tube, the trap, and the ground connections between trap and coupler. Any intermediate frequency to 
which the trap is tuned will be greatly attenuated. For example, if the trap is tuned to the accompanying 
sound frequency, this frequency will be attenuated, will not remain to be rectified or detected, and will be 
kept out of the following video amplifier. 

Fig. 46-15 illustrates several ways in which traps may be coupled to tube circuits in which some un-
wanted frequency is to be attenuated. Diagram 1 shows two traps which are inductively coupled to im-
pedance couplers in two successive stages of an amplifier. The trap in the first stage is on a coupler 
connected into the plate circuit of the tube at the left. The trap in the second stage is on a coupler con-
nected into the grid circuit of the tube at the right. One of these traps might be tuned to the accompanying 

sound and one to the adjacent sound frequency, or both might be tuned to the same frequency. 
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Fig. 46-15. Traps inductively or capacitively coupled to grid end plate circuits. 

The trap of diagram 2, shown in heavy lines, looks quite like a parallel resonant circuit connected 
between the high side of the two tuned couplers and ground, but it does not behave as a parallel resonant 
circuit. The trap is coupled to the plate-grid signal line through capacitor Ct, and takes energy from the 
signal line at the frequency for which the trap is tuned. This energy causes large current to flow in the 

coil and capacitor of the trap, and the energy in this current is carried away to ground through the con-
nection from the bottom of the trap. Thus we have great attenuation of any frequency to which the trap 
is tuned. 

In diagram 3 a tuned trap circuit is inductively coupled to an inductor or coil in the cathode lead of an 
amplifier tube. Energy taken from the cathode circuit induces emf and current in the coil and capacitor 

of the trap at the frequency for which the trap is tuned, and this energy is dissipated in maintaining flow 
of the induced current. The effect is much the same as with the parallel resonant trap of diagram 3 in 
Fig. 46-14. In that earlier trap circuit there is high impedance at the trapped frequency, while with the 
inductively coupled trap there is absorption of energy at the trapped frequency. 

Fig. 46-16 shows two ways of using series resonant trap circuits. In diagram 1 the series resonant 

circuit, shown by heavy lines, is for the purpose of keeping out of the i-f amplifier all frequencies except 
the range of intermediate frequencies which should be amplified. The series resonant circuit is tuned to 
have minimum or low impedance in this range. h then has relatively high impedance at other frequencies 
coming from the mixer. These other frequencies include the r-f oscillator frequency, the carrier frequency, 
and the sum frequencies. 

The impedance coupler is tuned to the desired intermediate frequencies to give them maximum gain, 
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Fig. 46-16. How series resonant traps may be connected. 

while the series resonant circuit is tuned to freely pass these frequencies from mixer plate to amplifier 
grid. The frequencies which are opposed by the series resonant circuit are bypassed to ground and the 

mixer cathode through capacitor Cb. 

In diagram 2 of Fig. 46-16 there is a series resonant trap circuit from the grid of the second amplifier 
tube to ground. This circuit is coupled to the grid line through capacitor Ct. The frequency to which the 
trap is tuned meets very low impedance in the series resonant circuit, and is shorted to ground. The trap 
circuit has relatively high impedance to lower and higher frequencies, so they go to the amplifier grid. 

The trap is shown as being tuned by a trimmer capacitor, but it might equally well be tuned by a movable 

core in the coil. 

WHERE TRAPS ARE USED. Unless the overall response of an i-f amplifier is wide enough to cover 
sound and video frequencies developed from adjacent channel signals there is no need of traps for these 
frequencies. Some video i-f amplifiers, even in the larger receivers, do not have a response wide enough 
to reach the adjacent frequency, and no adjacent sound trap is needed. In some receivers having only two 
or three i-f amplifier stages handling video signals the response curve is rather sharply peaked and has 
steep skirts with relatively sharp cutoff of frequencies. Then there is no danger that the response will 

reach the adjacent video frequency, and no adjacent video trap is used. 

Receivers having 7-inch picture tubes ordinarily have an i-f band width covering no more than three 
megacycles, and the response has sufficiently high peaking and sufficiently steep skirts to prevent reach-

ing any adjacent frequencies. The i-f amplifiers of these receivers usually have no traps. 

G The i-f amplifiers of receivers employing intercarrier sound systems have no traps for accompanying 
sound, because the sound intermediate frequency must go all the way through the i-f amplifier system to 
the detector, where it beats with the video intermediate frequency. As a general rule these receivers have 

no traps for either of the adjacent frequencies, sound or video. 

%hen the response of an i-f amplifier is normally wide enough to cover the full video frequency range up 
to four or more megacycles there would be amplification of the adjacent sound frequency. One or more 

traps for accompanying sound then are required. Quite often these broad i-f responses would reach the 

adjacent video frequency, and a trap is needed for this frequency. 
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Fig. 46-17. Ilow traps for adjacent and accompanying sound affect the shape of an i-f response curve. 

%here the sound takeoff does not immediately follow the mixer, but is placed after one or more i-f 
stages, there must be no accompanying sound trap in the stages which carry both sound and video inter-

mediate frequencies. Accompanying sound traps, if used at all, will be in i-f stages which are between 

the sound takeoff and the video detector. Traps for adjacent sound and for adjacent video may be placed 
anywhere in these i-f amplifiers. 

If you look back at the table of television channel frequencies in an earlier lesson you will see that 

there is no other channel immediately adjacent below channels 2, 5 and 7, nor above channels 4, 6, and 
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13. With a receiver tuned to these channels there would be no adjacent sound interference or else no 
adjacent video interference. But when tuned to other channels there might be either or both of these inter-
ferences, and since a receiver may be tuned to any channel at all, the absence of immediately adjacent 

channels at some points has no bearing on the use of traps for the adjacent frequencies. 

Traps are not needed in i-f amplifiers for sound because such amplifiers have a response which is very 
narrow in comparison with a video i-f response, and the resulting selectivity is enough to keep our video 
and adjacent channel frequencies. 

The exact frequencies, in megacycles, to which traps in any receiver are adjusted or aligned depends 
on the intermediate frequencies used in that particular receiver. This will become apparent from an exami-
nation of Fig.46-7. Were the intermediate frequencies to be anything other than those used for illustration, 
the r-f oscillator frequencies for each channel would be correspondingly changed. The 14 oscillator fre-

quency always must differ from received carrier frequencies by the amount of the intermediate frequencies. 
With different oscillator frequencies there would be different beat frequencies to which the various traps 
would have to be tuned. Trap frequencies always have the following relations to video and sound inter-
mediate frequencies used in the receiver. 

Adjacent sound trap = video intermediate freq. 

or = sound intermediate freq 

Adjacent video trap = video intermediate freq. 

or = sound intermediate freq. 

Accompanying sound = video intermediate freq. 

• 

+ 1.5 mc 

+ 6.0 mc 

— 6.0 mc 

— 1.5 mc 

— 4.5 mc 

Fig. 46-17 shows the effects of traps on frequency responses of a particular receiver. The response 
curves are shown at A, B, C, and D. Locations of couplers and traps in the i-f amplifier are shown by the 
simplified circuit diagram at the bottom of the figure. The oscilloscope remains connected to the output 
of the video detector for all tests, while the signal generator is connected to the grid of the last i-f ampli-
fier when taking curve A to the grid of the preceding amplifier for curve j, so on back until the 
generator is connected to the grid of the mixer for curve D, which is the overall response of the amplifier. 
In an earlier lesson we looked at frequency responses from an amplifier generally similar to this one, 
except for having no traps. llere we have, between mixer and first video amplifier, a trap tuned to the 
accompanying sound frequency. We may call this trap number 1. Between first and second i-f amplifiers 
is another trap, number 2, which Is tuned to the adjacent sound frequency. 

Curve A is the response of the coupler between the last i-f amplifier and detector. This is a broad 
band coupler giving a double-peaked response. Curve B shows the response when we add the single-
peaked impedance coupler which is between the last two i-f amplifiers. This coupler adds a high peak at 

its tuned frequency. So far we have included neither of the two traps in the signal-carrying circuits. 

Curve C shows the response when we have included the effect of the single-peaked coupler between the 
first two i-f amplifiers. This coupler adds a second peak at its own frequency. Itere we have also the 
effect of the adjacent sound trap, number 2, which is taking energy from the circuit at the trap frequency. 
The result is a pronounced dip in the response at the adjacent sound frequency. 
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Curve D is taken with the signal generator connected to the mixer grid. Now we have the effect of the 
accompanying sound trap, number j which puts a sharp dip in the response at the accompanying sound 
frequency, which is the same as the sound intermediate frequency. On the other side of the response, on 
the higher-frequency side, we still have the dip caused by the adjacent sound trap. This overall response 
is like the one we set out to obtain away back in Fig. 46-8, except that we have no adjacent video trap 
effect. To obtain a dip in the response at the adjacent video frequency we could add a third trap on one 
of the other couplers, and tune it to the adjacent video frequency. 

(\TRAPS FOR SPECIAL PURPOSES. Traps are most commonly used to attenuate certain frequencies in 
the overall response of video i-f amplifiers. When used for this purpose a trap must be tuned or aligned 
at the exact frequency it is supposed to attenuate or weaken, regardless of how this may affect the form 
of the response at other frequencies. 

It is true, however, that traps may alter the general form of the response in ways that are desirable 
while still performing their primary purpose of cutting down on the trapped frequencies. As one example, 
in Fig. 46-17, the gain at the video intermediate frequency would come too high were it not for the effect 
of the adjacent sound trap in making its side of the response come down more sharply. Also, the ac-
companying sound trap practically eliminates the sound intermediate frequency or accompanying sound 
frequency while allowing the gain to remain as high as possible on its side of the response. It is in this 
part of the response that we have the higher video frequencies, and maintaining high gain in this region 
helps the fine detail or the definition of pictures. 

In some receivers there are trap circuits for the express purpose of helping to shape the response in 
some desirable manner. Such traps are not tuned to a frequency which is to be removed front the response, 
but to whatever frequency causes the desired result. In some receivers a trap of this nature is used for 
the video intermediate frequency to a point of 50 to 60 per cent gain on the response. 

The manner in which a trap alters the shape of the overall response depends largely on the Q-factor of 
e trap and on how it is coupled to an amplifier circuit. The higher the Q-factor of the trap itself the 

sharper and narrower will be the dip that it produces. The looser the coupling of the trap to the signal-
carrying circuits the sharper will be the dip and the steeper will be the slopes of the response on both 
sides of the trapped frequency. Coupling which is very loose also will lessen the degree of attenuation 
at the trapped frequency. 

In some i-f amplifiers there may be undesirable peaks of high gain over very narrow ranges of frequency. 
Such peaks may result from beat frequencies, or harmonic frequencies, or from feedback of energy from 
one stage to a preceding stage at a frequency for which some plate or grid circuit has high impedance. 
Traps sometimes are provided for the purpose of reducing these peaks of gain so that the response may be 
made more nearly uniform throughout the whole range normally covered by the i-f amplifier. 

Wave traps quite often are coupled to the r-f amplifier circuits of a-m and f-m sound receivers. Many of 
these traps are for the purpose of attenuating the intermediate frequency of the receiver itself, which 
would be a frequency of 455 or 456 kilocycles for a-m sound receivers, or a frequency of 10.7 megacycles 
for f-m sound receivers. Traps on the r-f amplifier circuits may be provided also for attenuating the 
carrier frequencies of other services. For instance, an a-m sound receiver may have a trap for attenuating 
the carrier frequency of some nearby f-m transmitter. 
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Now we are ready to examine the video amplifier of the television receiver. The video signal, which is 
the output of the video detector, goes through the video amplifier to the picture tube and there controls 

the rate or intensity of flow of electrons in the beam. This produces picture lights and shadows to look 
at. The video amplifier of the television receiver has much the same relation to other parts of this re-
ceiver as has the audio amplifier of a sound receiver to other parts of the sound receiver. The audio 
signal, which is the output of the sound detector, goes through the audio amplifier to the loud speaker 

and there controls motion of the speaker cone or diaphragm that produces sound waves to listen to. 

The similarity between video and audio amplifiers goes even further. In the great majority of sound 
receivers and in the sound sections of television receivers the audio amplifier is a resistance coupled 
type, and in practically all television receivers the video amplifier is basically a resistance coupled 
type. Up to this time we have made no detailed study of the audio amplifiers of sound receivers or of 
television receivers. Since these are quite similar to the video amplifiers of television receivers we may 
learn about all three amplifiers in the least possible time by studying them right along together, and that 

is what we shall do. 

At the top of Fig. 47-1 are the parts of a simple resistance coupled amplifier stage as set up for testing 
the performance. Down below is the corresponding circuit diagram. Input voltage for the grid of the 
amplifier tube comes from a resistor which is fed with signal current through a capacitor at the left. This 

resistor and capacitor are shown by broken lines because they are not parts of the amplifier stage to be 
examined. The amplifier stage is considered as commencing at the grid of the tube. 

Connected between the plate of the amplifier tube and the B-supply is a load resistor Ro. Amplified 
signal voltage developed across this resistor causes signal current to flow through coupling capacitor Cc. 
This signal current goes through resistor Ilg, where it is accompanied by a corresponding amplified sig-
nal voltage which is applied to the grid of the following tube. Resistor Rg would be the grid resistor 

connected to this following tube. Our amplifier stage is considered to have its output, and to end at the 
top of resistor Rg. We commence at the amplifier grid with one signal voltage, and end at the grid of the 

following tube with this signal voltage amplified. 

)When designing and constructing a resistance coupled amplifier we are chiefly concerned with the volt-
age gain which may be obtained without distortion of the signal to any greater extent than can be tolerated 
in the particular application. The gain will vary with frequency. It will be least at the low frequencies, 
will rise to maximum through a range called mid-band frequencies, and will drop off at the high frequencies. 
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Fig. 47-1. The parts of a resistance coupled amplifier and the corresponding circuit diagram. 

The lowest frequencies handled by usual types of audio amplifiers are on the order of 80 to 100 cycles 
per second, and the highest are around 5,000 cycles. In high-fidelity audio amplifiers the frequency range 
may be from as low as 50 cycles to as high as 10,000 or 15,000 cycles per second, or even higher. High-
quality television video amplifiers provide fairly uniform gain over a tremendous ratio of frequencies, from 
as low as 30 or 40 cycles all the way up to 4 million cycles or 4 megacycles per second. In other video 
amplifiers we may have fairly uniform gain from 50 or 60 cycles up to about 2% or 3 megacycles per 
second, which still is a very great ratio of highest to lowest frequencies. 

All the parts shown by Fig. 47-1 have more or less effect on gain and distortion at all frequencies, but 

performance of resistance coupled amplifiers is affected also by a number of other things which are repre-
sented in Fig. 47-2. In diagram 1 we have the amplifier circuit as usually shown. From the bottom of load 

resistor Ro there is a bypass capacitor Cb to ground, and a connection through ground back to the tube 
cathode. Reactance of this bypass capacitor at amplified frequencies is quite small, and we may consider 
the audio or video signal circuit on the plate side as being completed through the bypass back to the Labe 
cathode rather than through the B-supply wiring. A similar low-reactance capacitor is connected from the 
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bottom of grid resistor y_g to ground. This capacitor completes the signal circuit on the grid side or out-

put side of the amplifier. 

At mid-band frequencies the reactance of coupling capacitor Cc is so low in comparison with the circuit 
resistances that we may disregard it so far as signal paths are concerned, and may draw the amplifier as 
in diagram 2 with no coupling capacitor. The bypass capacitors are omitted because, for signal currents, 
they form short circuits to ground and the tube cathode. 14. consider the tube as consisting of two parts. 
One part is the internal plate resistance which•is here represented as Rp. The other part includes all that 
provides amplification or transconductance, which now is represented by the symbol Gm. In this "equiva-
lent circuit" the part of the tube which puts out the amplified signal may be considered as the signal 

source or as an a-c generator of signal current. 

Diagram 2 shows that plate resistance, load resistor resistance, and grid resistor resistance are in 
parallel with one another. Then the effective plate load for the amplifier tube is the combined parallel 
resistance of these three resistances. This is the load which we must consider as existing for mid-band 
frequencies. Its value is less than that of any one of the separate resistances. The voltage gain at these 

Fig. 47-2. Equivalent circuits for a resistance coupled amplifier. 
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frequencies is equal approximately to transconductance or mutual conductance of the tube multiplied by 
combined or parallel load resistance. It follows that gain will be increased by doing any or all of three 

things; we may use a tube with greater plate resistance, use a higher value of load resistor, or usea 
higher value of grid resistor. 

When amplifying the lowest frequencies the equivalent circuit is as shown by diagram 3 of Fig. 47-2. 
We still have the three parallel resistances as before, but now the reactance of coupling capacitor Cc 
cannot be neglected. As frequency goes down this reactance goes up, and offers more and more op-
position to signal currents flowing to grid resistor  Rg. Of the total signal voltage being developed across 
the plate load we are losing more and more in the reactance of Cc and leaving less to produce output volt-
age across resistor Rg. Voltage output or gain will decrease at low frequencies unless the reactance at 
Cc is reduced proportionately, which means using capacitance inversely proportional to frequency - the 
lower the frequency the greater must be this capacitance if gain is not to drop off. 

Diagram 4 of Fig. 47-2 shows the equivalent amplifier circuit for high frequencies. here we have the 
circuit elements which become of major importance in television video amplifiers. The three paralleled 

resistances remain as before. But on the plate side there is the output capacitance of the amplifier tube 
and all the stray and distributed capacitances of the plate circuit. On the grid side there is the input 
capacitance of the following tube, and other stray and distributed capacitances. These capacitances, 
represented at Co and Ci are in parallel with the load resistance. 

As frequency goes up the reactance of the paralleled capacitances goes down. Since all the reactances 
and resistances are in parallel with one another the total effective impedance never can be greater than 
that of the two capacitances in parallel. Suppose, for example, each capacitance were only 30 mmf. The 
two in parallel would come to 60 nunf. Their reactance at 5,000 cycles would be somewhat more than a 
half megohm, which would not reduce the total effective plate load below a value giving good gain. But 
at a frequency of 4 megacycles the capacitive reactance would be about 667 ohms, which would bring the 
amplification away down. With such capacitance the effective plate load never could be more than 667 
ohms even though all the load resistances could be made many megohms - for impedance of any untuned 
parallel circuit always is less than that of the least of its separate reactances or resistances. 

The effective band width of a resistance coupled amplifier usually is taken as the range between low 
and high frequencies at which gain drops to 70 per cent of maximum. Frequency response curves for any 
and all simple resistance coupled amplifiers are of the general form shown by Fig. 47-3. The only parts 
of the curve included in the figure are the end portions in which frequency falls off. On the low end there 
is 70 per cent gain at a frequency of 100 cycles, and on the high end there is 70 per cent gain at 10,000 
cycles. Therefore, the band width as here represented is from 100 to 10,000 cycles. With an amplifier 
designed for this band width the gain would rise to 100 per cent or maximum at about 500 cycles, would 
remain at approximately this value until about 2,000 cycles, and would drop as shown at higher fre-
quencies. No matter how, great or how small the band width, gain at low and high frequencies would drop 
off proportionately just about as shown by this typical curve. 

EFFECTS OF RESISTORS AND CAPACITORS. Cain and distortion of the resistance coupled amplifier 
are affected in various ways by the load resistor, grid resistor, coupling capacitor,and, when cathode 
bias is used, by the bypass capacitor for the biasing resistor. Whether or not the load resistor, Ro in the 
diagrams, has much effect depends on the kind of tube used. If the tube is a medium-mu triode its plate 
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Fig. 47-3. Typical frequency response of a resistance coupled amplifier. 

resistance will be something like 7,000 to 12,000 ohms, and no matter how great the load resistor is made 
it cannot bring the effective load resistance any higher. With high-mu triodes, having plate resistances 
of 50,000 to 100,000 ohms, the load resistor will be 100,000 to 500,000 ohms, and its value will have a 
decided effect on the total parallel load resistarice. I;ith pentodes there will be plate resistance of 
200,000 ohms to one megohm, and the load resistor will largely determine the total load resistance. 

These relations between plate resistances and load resistors are illustrated with typical values in 
Fig. 47-4. At the left we have a medium-mu triode with plate resistance of 9,000 ohms. Increasing the 

load resistor from 100,000 to 500,000 ohms raises the effective parallel resistance only from 8,260 ohms 
to 8,840 ohms, an increase of about 7 per cent. At the center the load resistor is changed in the same 
way with a medium-mu triode whose plate resistance is 80,000 ohms. The effective load is raised from 
44,400 ohms to 69,000 ohms, an increase of about 57 per cent. At the right is a pentode having plate 
resistance of 500,000 ohms. The same•change of load resistor increasesthe effective load by 300 per 

cent, from 83,400 ohms to 250,000 ohms. 

A higher load resistor increases the gain only if plate current iselept high enough to maintain the trans-
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Fig. 47-4. now increasing the value of the load resistor alters the effective 
load resistance with various plate resistances. 

conductance. Unless B-supply voltage is raised, the voltage drop through the higher load resistor will 
reduce plate voltage, plate current, and transconductance - thus wholly or partially neutralizing the ad-

vantage of the higher load resistor. With any given type of tuhe, variations of the load resistor tend to 
have much more effect at mid-band and high frequencies than at low frequencies. Using a smaller load 

resistor reduces the gain, but at the same time it allows fairly uniform gain over a wider range of fre-
quencies or increases the band width. This is especially true with pentode amplifier tubes. 

As mentioned earlier, the coupling capacitor marked Cc in the diagrams has a great effect on low-

frequency gain or on the lowest frequency at which there is any given gain. Capacitances most often are 
somewhere between 0.005 and 0.02 mf. At a frequency of 30 cycles the reactance of 0.005 mf is more 
than a megohm, and a large part of the signal voltage would be used in getting through this reactance. 
Were the following grid resistor to have a value of one-half megohm, two-thirds of the signal voltage 
would be used up in the capacitor and only one-third left across the grid resistor. The greater the coup-
ling capacitance the less will be its reactance and the greater will be the percentage of possible voltage 
developed across the following grid resistor and applied to the grid of the following tube. 

In some receivers whose power supply is poorly filtered, to leave considerable ripple voltage at 60 or 

120 cycles, the coupling capacitor is intentionally made rather small to limit amplification of these hum 
frequencies. h should be mentioned that the coupling capacitor must not allow appreciable leakage 
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Fig. 47-5. Test setup for checking the effect of coupling capacitors on gain at various frequencies. 

through it of direct current from the B-supply connected to the amplifier plate. Leakage current would 
have to pass through the following grid resistor in such direction as to make the grid of the following tube 
positive, or at least less negative than it should be for correct biasing. 

Relations between the coupling capacitor and following grid resistor may appear more clearly upon 
examination of Fig. 47-6. In diagram 1 the combination of tube transconductance, plate resistance, and 
load resistor is such that 1.20 volts of signal is developed across the two resistances. Coupling capaci-
tor Cc and grid resistor 11_g really are in series with each other across this developed signal voltage. 
The voltage divides between Cc and Rg inversely as their impedances. We assume that capacitance at 
Cc is such that capacitive reactance is 50,000 ohms. With 100,000 ohms at Rg there will be 0.40 volt of 
the signal across the capacitor and the remaining 0.80 volt across the resistor. This 0.80-volt signal is 
applied to the grid of the following tube. 

In diagram 2 the developed signal voltage is unchanged, the grid resistor Ill is unchanged, but capaci-
tance at Cc has been made 5 times as great - to drop the capacitive reactance to 1/5 its former value or 
to 10,000 ohms. Now we have only 0.11 signal volt across the capacitor, and have 1.09 signal volts 
across resistor Rg and on the grid of the following tube. 

In diagram 3 the capacitor has been changed back to its original small size, with reactance of 50,000 
ohms. Grid resistor Rg has been increased from 100,000 ohms to 500,000 ohms. We have the same 
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Fig. 47-6. how coupling capacitance and grid resistance affect the signal voltage applied to a following tube. 

division of signal voltage between capacitor and resistor as in diagram 2. The reason is that the ratio of 
capacitive reactance to grid resistance is the same in both diagrams, it is 1 to 10, or 1/10. 

Ordinarily we use the highest value of grid resistance which is permissible for the type of the following 
tube and the method used for biasing it. Higher grid resistance may be used with cathode bias than with 
fixed bias. Too much grid resistance will hold too many electrons on the grid of the following tube; they 
cannot leak off fast enough through the high resistance, and the grid is made too negative. The amount of 
resistance used at Rg has a decided effect on low-frequency gain, because this gain depends so much on 
the capacitance and reactance of Cc, and because there is such a close relation between the coupling 
capacitor and the grid resistor, as just explained. 
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Fig. 47-7. Adding a resistance coupled stage in an amplifier. 
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In audio amplifiers, especially in those for a-m sound receivers, there ordinarily is only one resistance 
coupled stage. Such a stage is shown at the left in Fig. 47-7. The amplifier tube is a triode built into 
the same envelope with the diode detector. The output of this a-f amplifier is fed to the grid of the output 
tube which, in turn, feeds the loud speaker. The resistance coupling between a-f amplifier and output 
tube consists of load resistor Ro, coupling capacitor Cc, and grid resistor hg. The audio amplifier triode 
has grid-leak bias, as provided by grid leak resistor Ra and grid capacitor Ca. 

At the right in Fig. 47-7 we have added between the first a-f amplifier and the output tube a second a-f 
amplifier stage, whose parts and connections are shown by heavy lines. This added amplifier tube com-

monly would have cathode bias, by means of cathode resistor Ilk and its bypass capacitor Ck. 

When a resistance coupled amplifier tube is operated with cathode bias the value of capacitance in the 
bypass capacitor has much to do with the low limit of frequencies which will be amplified to a satis-
factory level. A commonly used rule for determining a suitable capacitance for the bypass capacitor is 
to have its reactance at the lowest amplified frequency equal to 1/10 the number of ohms in the biasing 
resistor. That is, with a biasing resistor of 4,000 ohms, the reactance of the bypass capacitor should be 
no greater than 400 ohms at the lowest frequency to be satisfactorily amplified. 

If this ratio of reactance to resistance is to be observed, the following simple formula allows computing 
the capacitance in microfarads. 

Bypass 1 600 000 

mf lowest frequency, ( cycles)x bias resistance,(ohms 

For an example, assume that the bias resistance is 4,000 ohms and that the lowest amplified frequency 
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is to be 50 cycles. Here are the figures. 

Bypass 1 600 000 1 600 000  
- mf 50 x 4000 200 000 8 mf capacitance. 

If you compute the reactance of 8 mf capacitance at 50 cycles per second it will come very close to 400 
ohms, which is 1/10 of the biasing resistance in ohms. A capacitance giving this ratio of reactance to 
resistance usually is satisfactory for any type of tube with an a-c operated heater cathode. Much smaller 

capacitances are enough when using filament-cathode tubes with their filaments heated from batteries. 
Because of the large values of capacitance needed with a-c heaters the bypass capacitor usually is of the 
electrolytic type, with its negative terminal connected to ground and its positive terminal to the tube 
cathode pin on the socket. 

Mien using pentode amplifiers with resistance coupling the low-frequency response is affected by the 
relation between resistance of the voltage dropping resistor for the screen and the reactance of the bypass 
capacitor for this resistor. These two parts are marked respectively Rs and Cs in Fig. 47-8. Capacitor 
reactance in ohms may be almost anywhere between 1/10 and 1/2 of the resistor value in ohms. The 
capacitor reactance is made less in circuits having relatively high resistances in load resistors and 
screen resistors, and having smaller coupling capacitances. In other words, the capacitance of the by-
pass is made larger under the conditions mentioned. Bypasses in common use range from 0.05 to 0.2 mf. 
These seemingly small capacitances, with their high reactances, are sufficient for the purpose because of 
the high values of dropping resistance which are being bypassed. 

PHASE DISTORTION. In resistance coupled amplifiers, and for that matter, in all amplifiers which 
contain capacitance, inductance, or both, there is a rather peculiar action called phase distortion. This 
kind of distortion exists because signals do not pass instantly from the input to the output of an amplifier 
but actually require a measurable time for their travel. How long it takes a signal to get through an ampli-
fier depends on its frequency and on what capacitances must be charged and on what inductances must be 
magnetized along the way. 

Fig. 47-8. Parts of the B-supply circuit that affect low-frequency gain. 

Rg 
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Fig. 47-9. How phase distortion alters the form of the output voltage wave from an amplifier. 

As you know, capacitance causes current to lead its voltage, inductance causes the current to lag, and 
resistance causes neither lead nor lag hut leaves current in phase with or in time with voltage. how great 
is the lead or the lag depends on the values of capacitive or inductive reactances in the amplifier. Re-
actance of any capacitance or inductance varies with frequency. Consequently, the lead or lag imparted 
to signal currents varies with their frequency. 

The signal currents lead or lag with reference to the input signal voltage, which may be the voltage 
applied to an amplifier grid. These currents then may flow in a plate load resistor, where they cause 
signal voltage which is in phase with the current (since it is affected only by resistance) but which must 
be leading or lagging the original input signal voltage just as the signal current is leading or lagging that 
original voltage. 

The result of all this, in a resistance coupled amplifier, is that a low-frequency signal voltage gets 
through the amplifier in less time than does a high-frequency signal voltage. The delay of high fre-
quencies is illustrated in simple fashion by Fig. 47-9. At A is a low-frequency signal voltage and at B is 
a high-frequency sig-voltage fed to the amplifier input. There is a certain phase relation or time relation 
between cycles of one voltage and cycles of the other voltage. 

At C is the low-frequency signal voltage as it appears at the amplifier output, and at I) is the high-
frequency output voltage. The high-frequency cycles now occur later with reference to the low-frequency 
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cycles than they did at the input. The low-frequency signal has gone through the amplifier circuits faster 
than the high-frequency signal. 

If the low and high frequencies are fed to the amplifier input together there will not be two separate 
voltage waves, rather there will be a combined or composite wave as at E. This wave is formed by 
adding the instantaneous values of the two separate waves at A and B. The composite wave is of a 
certain definite form. If instantaneous values of the low-and high-frequency waves at C and D are added 
together in the same manner the result is the composite wave shown at F. This output waveform is not 
at all the same a s the input waveform at E. The change of waveform is the result of phase distortion. 

High-frequency delay occurs in a resistance coupled amplifier because such an amplifier is made up 
almost wholly of capacitances and resistances. If we could construct an amplifier almost wholly with 
inductances and resistances, the low-frequency signals would be delayed more than high-frequency sig-
nals. If an amplifier could be constructed wholly of resistances there would be neither lead nor lag, and 
all frequencies would go through in equal times. We cannot build such amplifiers without capacitances, 
for capacitances always exist in the tubes and between wires and other parts of the circuits, even though 
there are no capacitors. 

It is possible to construct a coupling circuit with such a combination of capacitances, inductances, and 
resistance that leads of current due to capacitance are counteracted by lags due to inductance. This 
would not be a simple resistance coupling, but would be a phase correcting network. Remedies of this 
general nature will be discussed when we come to the subject of compensated broad-band amplifiers such 
as used in video amplifiers. 

Another way of preventing phase distortion may be explained with the help of Fig. 47-9. Note that the 
high-frequency at B is just three times the low-frequency at A. There are three high-frequency cycles to 
each low-frequency cycle. Suppose we could shift the high-frequency cycles either forward or back by 

exactly one-third of a low-frequency cycle or by exactly the time required for one high-frequency cycle. 
Then the phase relation between the two frequencies would not be changed in the least, every high-
frequency cycle would occupy the same relative position that it has in the input. If phase shift or phase 
delay between input and output of an amplifier can thus be made proportional to frequency there will be 
no phase distortion. Still another possibility would be to have all frequencies delayed or advanced by the 
same times, which would mean no change of relative phase and there would be no phase distortion. These 
remedies cannot be completely applied in a practical amplifier, but they can be approximated. 

Phase distortion is not very important in audio amplifiers.  The signal at Fin Fig. 47-9 would produce 
sound which hardly could be distinguished by ear from sound produced by the signal at E, although there 
is very great phase distortion. 

/ 

Phase distortion can cause serious troubles in television receivers. Picture signals are made up of 
frequencies from as low as 30 cycles to as high as 4 megacycles. There may be widely different fre-
quencies along a single horizontal line and in successive lines. If the highest frequencies are much 
delayed the fine details of the picture will be shifted or blurred. On the fare of a 16-inch picture tube the 
electron beam travels an inch in about 5 millionths of a second. A phase delay of only 1 millionth of a 
second would displace some details by 1/5 inch in the picture.I 
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Phase distortion can cause trouble with synchronizing. A square-cornered sync pulse is really a com-
posite voltage wave made up of a great range of frequencies, from very low to very high. High-frequency 
delay can round the corners of the pulse so that the leading edge does not have the sharp rise necessary 

for positive sync action. 

If a resistance coupled amplifier is designed and constructed to have negligible phase distortion 
through the mid-band frequencies the output signal may lead the input at low frequencies and lag the input 
at high frequencies. This is illustrated by Fig. 47-10. At the low frequencies the reactance of the coup-
ling capacitor Cc is increasing with drop of frequency. This puts too much capacitive reactance in the 
circuit, and the output voltage will lead the input more than at mid-band frequencies, where it is assumed 
that neither lead nor lag. At high frequencies all the capacitive reactances are decreasing, including the 
reactances due to tube and circuit capacitances. This leaves less capacitive reactance than for the mid-
band frequencies and, in relation to the phase difference between input and output at those frequencies, 
the output lags the input. The changes of output lead and lag shown by Fig. 47-10 are such as really 
occur in resistance coupled amplifiers which handle a wide range of frequencies. 

VOLTAGE GAIN IN AMPLIFIERS. Back in Fig. 47-3 it was shown how the gain of a resistance coup-
led amplifier drops off as frequency goes to lowest values, drops off toward the highest frequencies, and 

remains fairly uniform only through the mid-band frequencies. Frequencies for that curve were shown as 
extending to 24,000 cycles. The general form of the curve would be the same no matter what the range of 

frequencies, it applies to video amplifiers as well as to audio amplifiers. 

Output 
Leading 

Input 

Reactance 
Increasing 

Low Frequencies 

• 
• 
• 
• 

— 

Mid-band 
Frequencies 

Reactance 
Decreasing 

A  
e  1 

Output in Phase 

High Frequencies 

Input 

• 

• 
• 

Output 

Fig. 47-10. The output signal leads the input at low frequencies and lags at high frequencies. "•-• Lagging 
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In Fig. 47-10 the broken line curve shows how the output signal leads the input signal at lowest fre-
quencies, how output lags the input at highest frequencies, and how output and input are in phase only 
through mid-band frequencies. Those two curves, one for gain and the other for phase distortion, are 
shown together in Fig. 47-11. It is clear that phase shift, either leading or lagging, accompanies a drop 
of gain at both ends of the frequency range. If we do things to this amplifier which will make the gain 
more uniform throughout the frequency range, those things will not only improve the frequency response 
but also will greatly lessen phase distortion. 

The theoretical gain of an amplifier may be computed by using any of various formulas which take into 
account the transconductance of the tube, its plate resistance, the values of load resistor and following 

grid resistor, and the coupling capacitance. These formulas apply at what we are calling the mid-band 
frequencies. Computed values of gain would be interesting, but not of any particular use in service work 

on broad-band amplifiers because of the effect of shunting capacitances (tube and circuit) on the actual 
impedance of the plate load. 

Çà When during service operations, we wish to know the gain of any amplifier stage the information isn't 
obtained from formulas. Rather we use an electronic voltmeter to measure the signal voltage at the grid 
of the following tube and at the grid input to the amplifier tube in the measured stage. Then dividing the 
the output signal volts by the input signal volts gives the gain. 

Output 
Leading 

•••••• 

Gain 
Dropping 

Low 
Frequencies 

Mid-band 

Dropping 
Ga in 

---, .., 

N, 
N 

.,.. 

I Output 
Lagging 

1. 
High 

Frequencies 

Fig. 47-11. Phase distortion accompanies changes of gain at low and high frequencies. 
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Fig. 47-12. Things which chiefly affect low-frequency gain (at left) 
and which affect high-frequency gain (at right). 
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There is, however, one simple formula which is quite useful in determining the effects of various tube 
transconductances and various actual plate load impedances on relative gains. It is this one. 

Voltage gain 
transconductance,(micromhos) x load impedance,( ohms) 

1 000 000 

As an example, supposing the amplifier tube is operated to have transconductance of 5,000 micromhos, 
and the actual load impedance is 3,000 ohms. The gain figures out this way. 

5000 x 3000 15 000 000 _ 
Voltage gain 

1 000 000 1 000 000 15 times 

The actual load impedance at mid-band and low frequencies depends chiefly on the things marked on 
the diagram at the left 47-12. Resistancesitp, Ro, and & still are in parallel with each other.The cathode 
bypass and coupling capacitors now have such small reactances that they are neglected; being in series 
with other elements these reactances form what amounts to direct connections of negligible opposition to 
signal current. Shunting capacitances Co and Ci are in parallel with all the paralleled resistances. 
These capacitances are the internal output and input capacitances of the tubes plus all the distributed 
and stray capacitances in the plate and grid circuits. The things shown here are to be worked upon to 
improve high-frequency response. 

LOW-FREQUENCY COMPENSATION. First we shall attempt to raise the gain and lessen the phase 
distortion at low frequencies. The grid resistor  fig should have the highest value permissible for the type 
of following tube and the method of biasing for that tube. These grid circuit resistances are specified by 
tube manufacturers in their listings of characteristics and ratings for various tubes. The grid resistor 

often is of 0.5 megohm, but may be as low as 0.1 megohm or as high as 1.0 megohm. 
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Fig. 47-13. A method of increasing plate load impedance and maintaining gain at low-frequencies. 

Coupling capacitance at Cc should be large, in order to have low reactance at the low frequencies. 
Low reactance at Cc and high resistance at g causes most of the signal voltage to appear across hg  
and thus to be applied to the following grid. The coupling capacitor should be of small physical dimen-
sions, of small size as measured in inches, and kept away from chassis ground. A big capacitor too 
close to ground adds greatly to the shunting capacitance which reduces high-frequency gain. Capacitance 
of about 0.5 mf usually is the practical limit. 

No matter how great the coupling capacitance may be made its reactance is going to rise at lower and 
lower frequencies. It will help matters if we can push more signal voltage through this capacitance and 
the grid resistor. This can be done only by getting more impedance into the plate load as the frequency 
goes down. 

Rb Cb 
5000 5 
ohms mf 

Fig. 47-14. Matching the time constants as a means for improving low-frequency gain. 
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IT   
Fig. 47-15. Features commonly found in broad band amplifiers. 

A method of increasing the load impedance at low frequencies is shown by Fig. 47-13. In order to work 
with actual figures we assume a load resistor ,Ro of 3,200 ohms, a dropping resistor Rb of 5,000 ohms, 
and a bypass Cb of 5 mf. Other values could be used without altering the principles. Conditions at a 
frequency of 1,000 cycles are shown in the left-hand diagram. Reactance of Cb is approximately 32 ohms. 
This reactance in parallel with 5,000 ohms at Rb gives a combined impedance of about 31.5 ohms, or 
practically the sanie 32 ohms as before. This combined impedance is in series with 3,200 ohms at Ro to 
give a total effective load of 3,232 ohms at 1,000 cycles. 

In the diagram at the right the frequency has dropped to 40 cycles. Reactance of Cb now is about 800 
ohms. In parallel with Rb this makes an impedance of about 690 ohms, which is in series with Ro for a 
total effective load of 3,890 ohms. The effective load resistance increases by about 20 percent between 
1,000 cycles and 40 cycles. This effective load would go up to about 4,075 ohms at 30 cycles, because 
of increasing reactance of Cb. The greater the voltage dropping resistance at Rb, and the smaller the 
load re sistance at Ro, the greater will be the percentage increase of effective load impedance as fre-
quency drops. 

Phase distortion at low frequencies will be lessened if the time constant of Cb and Rb in the plate line 
is approximately equal to the time constant of the coupling capacitor and the following grid resistor. An 
example is illustrated by Fig. 47-14. We are using the same dropping resistor and bypass capacitor as 
before. The coupling capacitor Cc is of 0.05 mf capacitance and the grid resistor is of 500,000 ohms 
(500 K) resistance. To check equality of time constants all you need do is multiply one of the capaci-
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tances and its accompanying resistance together, then multiply together the values of the other two ele-
ments - always using the same units of capacitance and resistance in both multiplications, like this. 

Ch x Rb : 5 x 5000 : 25,000 

Cc x Rg : .05 x 500,000 : 25,000 

Very seldom will you find the two products exactly equal, but approximate equality, if it doesn't upset 
the uniformity or amount of gain at low, medium, or high frequencies, will help reduce phase distortion. 

Several additional features often found in broad band amplifiers are illustrated by Fig. 47-15. The 
amplifier tubes practically always are pentodes of types having high transconductance, which directly 
increases the gain at all frequencies. Pentodes also have high plate resistances, which helps to raise 
the effective load impedance. 

The suppressor usually is connected directly to chassis ground or to B-minus. It is not connected to 

the tube cathode when there is a biasing resistor on the cathode. The screen is bypassed to ground or 
B-minus through a large capacitance at Cs, or in the power supply at Ca, or at both places. The screen 
must be supplied with nearly pure direct voltage, otherwise it will act like a control grid and cause ampli-
fication of ripple voltage. 

We already have discussed the plate circuit so far as the load resistor, voltage dropping resistor, and 
its bypass capacitor are concerned. In addition, there must be a large bypass capacitor to ground or B-
minus at the plate supply end of the line, as with capacitor Ch in the power supply. This bypassing is 
necessary in orderthat plate signal voltages won't get into other circuits through the B-supply connections. 
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LESSON NO. 48 

THE VIDEO AMPLIFIER 

When we construct a resistance coupled amplifier having good gain at low frequencies, and fairly uni-
form gain up to frequencies of 10,000 to 20,000 cycles per second, we probably have a high-fidelity audio 
amplifier, but not a video amplifier. A video amplifier requires reasonably good gain at low and mid-band 
frequencies, and the gain must extend all the way to something between 2% and 4 megacycles. Extending 
the gain with satisfactory uniformity to such high frequencies is not easy. It is done by obtaining the best 

possible gain at the highest required frequency. The things we do to obtain good gain at the highest fre-
quencies will reduce the mid-band and low-frequency gain, but there will be reasonable uniformity through-

out the whole range. 

Response of a resistance coupled amplifier having good performance at low frequencies and through all 
audio frequencies, or well beyond them, would be about as shown by the broken- line curve of Fig. 48-1. 
We cannot maintain the high gain at higher frequencies, but we can extend the response with moderate gain 
as shown by the full-line curve. This is a typical response of a video amplifier. 

(The great obstacle in the way of obtaining high gain at high video frequencies is the shunting capaci-
tance. This is the combined capacitance-of the tubes, the wiring, and all the circuit parts. This capaci-
tance is in parallel with the total load resistance. The total resistance is the parallel resistance of the 
load resistor, the grid resistor, and the plate resistance of the tube. 

..••• 

CUTOFF 

Fig. 48-1. Frequency response of audio amplifier (broken-line) and of video amplifier 

(full-line) 
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Fig. 48-2. Connections are short and parts close together in a high-frequency amplifier 
stage. 

The grid resistor usually has resistance of a half-megohm or more. Plate resistance of a pentode video 
amplifier tube will be something between a half and one and one-half megohms. But the load resistor for a 
video amplifier nearly always is less than 10,000 ohms. If you figure out the parallel resistances of a few 
such combinations it becomes evident that varying the plate and grid resistaliccs between their widest lim-
its won't vary the combined parallel resistance more than two or three per cent. This combined resistance 
always is practically the same as that of the load resistor by itself. 

Reactance of the shunting capacitances drops lower and lower with increase of frequency. This de-
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creasing reactance, in parallel with the total load resistance, lessens the impedance in the plate circuit of 
the tube, and lowers the gain proportionately. To obtain satisfactory high-frequencygain we must do every-
thing possible to lessen the shunting capacitances and their bad effects, thereby maintaining higher im-
pedance at high frequencies in the plate circuit. 

The frequency of cutoff for the video amplifier may be taken as the frequency at which the reactance of 
the shunting capacitances drops to the value of resistance in the load resistor. For example, if the load 
resistor is of 3,500 ohms, cutoff will occur at the frequency which brings reactance of the shunting cap-
acitances down to 3,500 ohms. 

4f4iD With good design and construction the total shunting capacitance may be as low as 20 mmf. Let's as-
sume this capacitance and figure on a high-frequency cutoff at 3% megacycles. At this frequency the re-
actance of 20 mmf is about 2,430 ohms, which is the required value of load resistor for 3X-megacycle cut-
off. If the amplifier tube has transconductance of 5,000 micromhos the approximate gain with this load 

resistor will be 12.15 for one stage. Were you to substitute a load resistor of 5,000 ohms it would raise 
the gain to 25 for one stage, but the cutoff frequency would corne down to 1.6 megacycles. The only way 
to get around the situation is to reduce the shunting capacitances. 

To begin with we use the shortest and most direct wiring connections. In Fig. 48-2 is a wiring diagram 
of circuit connections on grid and plate sides of an amplifier tube. Underneath the diagram is a sketch of 
how the various resistors and capacitors might be arranged around the tube socket. Capacitors, resistors, 
and wiring connected to grid and plate lugs should not come too close to chassis metal or B-minus con-
nections, for we do not want capacitances to ground. 

Tube sockets should be of types having only small capacitance between their luge or inserts. Insulat-
ing supports should be of material having small dielectric constants. Tubes preferably are of types having 
small internal capacitances, although a tube with extra high transconductance may produce more gain in 
spite of somewhat greater input and output capacitances. After all this has been done we use a load re-
sistor that allows the desired frequency of cutoff. 

The accompanying table lists interesting facts about some of the miniature pentode tubes which may be 
used for video amplifiers. 

VIDEO AMPLIFIER TUBES 

Type Capacitances, mmf. Plate 
Number Output Input Resistance, 

megohms. 

6AH6 2.0 10.0 

6AU6 5.5 1.5 

6BA6 5.0 5.5 

6BC5 4.3 4.0 

6BH6 4.4 5.4 

6CB6 1.9 6.3 

0.5 

1.5 

Transconductance, 
micromhos 

Plate 
Voltage 

9000 300 

4450 250 

1.5 4400 250 

0.8 5700 250 

1.4 

0.6 

4600 250 

6900 200 
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Fig. 48-3. Series compensating inductor and its effect on response. 

t9HIGH FREQUENCY C0i1PENSATION. Havingdone all that we can to reduce the shunting capacitances 
e next step is to remove the effect of about naif this capacitance from the load in the amplifier plate cir-

cuit. This is done by inserting in series between the plate of the amplifier and the grid of the following 

tube an inductor, as shown by Fig. 48-3. This series compensating coil has such value of inductance that 
it resonates with shunting capacitances Ci, on the grid side of the circuit, at a frequency close to or slight-
ly below that desired for cutoff. 

The result of adding this inductor is to practically remove the effect of capacitance Ci from the plate 
load, and to leave this load equal to the parallel impedance of the load resistor, the tube plate resistance, 
and the reactance of shunting capacitances represented by Co, on the plate side of the circuit. The reduc-
tion of shunting capacitance across the plate load allows using more ohms in the load resistor, which 
means more gain throughout the whole frequency range. In addition, we will have extended the high-fre-
quency cutoff about as shown by the response curves below the circuit diagram. Without series compensa-
tion the gain would fall off as shown by the broken-line curve. With series compensation it is extended as 
shown by the full-line curve. 

In Fig. 48-4 we have done something else that extends the gain into the high frequencies. An inductor 
Lo is connected in series with load resistor Ro. This inductor completes a parallel resonant circuit con-
nected between the tube plate and ground, as shown by the heavy lines. The resonant circuit consists of 
the added inductor and the shunting capacitances represented at Co. Inductance of Lo is made of such 
value as causes resonance at a frequency slightly higher than the desired cutoff. Because the resistance 
of Ro is included in the resonant circuit the tuning is broad. That is, the resistance of Ro, together with 
other high-frequency losses, makes this a low-Q circuit. 
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Because inductor Lo is in parallel with or is shunting the shunting capacitances of the circuit this coil 
is called a shunt compensating coil. The impedance of any parallel resonant circuit becomes maximum at 
the resonant frequency. This shunt compensating circuit increases its impedance at frequencies approach-
ing its resonant point, and thus increases the impedance in the plate circuit. This increase of load imped-
ance counteracts the drop of impedance due to decreasing reactance of the shunting capacitances. The 
result is as shown by either of the full-line response curves down below, or by any response drawn in be-

tween those shown. 

® Sharper and higher peaking at the high-frequency end of the response could be had by connecting a 
small capacitor across the ends of compensating inductor Lo, which would make this inductor and the 
added capacitor a resonant circuit of narrow response. More often it is desirable to make the resonant 
peak less pronounced. This is done by connecting a fixed resistor of maybe 20,000 ohms across the ends 
of inductor Lo. A fixed resistor usually is connected across the ends of the series compensating inductor 
of Fig. 48-3 for the purpose of extending the high- frequency gain more uniformly and without high peaking. 

When inductors of the types being examined have resistors connected across them the actual method of 
construction ordinarily is to wind the inductor, or at least mount it, on the resistor. Several such units are 
pictured by Fig. 48-5. You will see many of them in television receivers. The ends of the small wire in 
the coil are soldered to the heavier wire in the resistor pigtails. Then the whole thing is supported by and 
connected into the circuit by the pigtails. These coil and resistor combinations commonly are called 

peakers. 

Fig. 48-4. Shunt compensating inductor and how it affects response. 
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It has been mentioned that the shunt compensating inductor of Fig. 4 resonates with shunting capaci-
tances Co on the plate side of the circuit. This would be strictly true only when there is also a series 
compensatinginductor (as in Fig. 48-3) to separate the capacitances on plate and grid sides of the circuit. 
`lhen there is no series compensating inductor fer thus " splitting the capacitances" the shunt compensat-
ing inductor resonates with the combined or paralleled capacitance of the shunting capacitances on both 
sides. The shunt compensatinginductance at Lo ordinarily is somewhere between 30 and 100 microhenrys, 
depending on the amount of capacitance with which it is to resonate. The series compensating inductance 
of Fig. 48-3 usually is somewhat greater, often being between 80 and 150 microhenrys. 

Fig. 48-5. Peaking coils mounted on fixed resistors with pigtail leads. 

Gin Fig. 48-6 are circuit diagrams of video amplifier stages as used in two typical receivers. In both 
diagrams there are series compensating or peaking coils Ls and also shunt compensating or peaking coils 
Lo. In the upper diagram there are broadening resistors across both peakers, and in addition, on the series 
compensating coil, there is a small capacitor G'p which helps extend the gain to higher frequencies. In the 
lower diagram there is a broadening resistor across the series peaker, but none across the shunt peaker. 
Using both series and shunt compensation allows extending the band to much higher frequencies than 
usin g either of the compensating methods by itself. 

Shunt compensation, series compensation, or both, are used in the coupling between the video amplifier 
and the picture tube as well as between the two video amplifiers when two are used. 

Shunt compensation is used also in the coupling between video detector and video amplifier, as shown 
by Fig. 48-7. The shunt compensating coil Lo is in series with the detector load resistor Ro. As explain-
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Fig. 48-6. Video amplifiers with series and shunt compensation. 

ed earlier, the high impedance of inductor Ls to currents at intermediate frequencies, in combination with 
the low reactance of the detector output capacitance to ground at Cd, prevent intermediate frequencies 
from going to the video amplifier. Capacitance of coupling capacitor Cc is negligible at the higher video 
frequencies, so inductor Lo becomes part of a resonant circuit in which is the shunting capacitance (,/ on 
the input side of the video amplifier. This resonant circuit includes detector load resistor R<,, rat-
alleled by grid resistor Rg, and consequently has a rather broad resonance peak. The pt 1 tv 
further reduced by a broadening resistor connected across the ends of Lo. 



Fig. 48-7. Shunt compensation between video detector and amplifier. 
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L%. VIDEO AMPLIFIER RE'tiGIRE141.,-iliTS. We may summarize some of the principal requirements of the 
video amplifier system as follows. These requirements apply to circuits which are between the video de-
tector output and the input to the picture tube grid-cathode circuit. The band width should extend from a 
low frequency of about 30 cycles to a high of between 2.5 and 4.0 megacycles. The 3D-cycle response is 
needed when one cycle of light and shade in the picture lasts through an entire frame. The high limit de-
pends to some extent on diameter or face size of the picture tube, higher frequencies being desirable to 
furnish good detail or definition for large tubes. Frequencies above 3 megacycles are desirable for live 
programs received directly from the producing station, where there is good detail in the transmission. Fre-

quencies somewhat less than 3 megacycles are satisfactory for programs transmitted by long distance 
cable and for those originating on motion picture film, since in neither of these cases are higher frequen-
cies found in the received signal. 

The band width of any particular amplifier is determined chiefly by transconductance of the tubes, by 
how small are the shunting capacitances, and by the gain desired. This assumes that design and con-
struction are good enough to take full advantage of high transconductances and low shunting capacitances. 
The higher the transconductances, and the less the shunting capacitances, due to design and construction 
and the less the gain per stage, because of the plate load resistor the greater may be the band width. Band 
width at satisfactory gain is extended by using shunt or series compensation, or both. 

The importance of having minimum phase distortion already has been explained. It is desirable also to 
have but little amplitude distortion, which means that weak signals of small amplitude and strong signals 
of large amplitude will receive equal amplification. Finally, we should have a high ratio of signal voltage 
to voltages which are due to tube and circuit "noise". When noise voltages are strong in an audio ampli-
fier they cause actual noise from the speaker. The same voltages in a video signal cause small streaks, 
specks, flashes, and the appearance of snow in the reproduced picture. Amplitude distortion and noise 

will be considered at more length in connection with audio amplifiers. 
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Fig. 48-8. Relations between video i-f signal and picture signal variations from detector. 
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The number of times the detector output voltage must be increased in the video amplifier system de-
pends on this output and on what variation of voltage is needed to vary the intensity of the picture tube 
beam all the way from darkest to lightest shades. This picture tube voltage varies somewhat with the 
type and size of tube and with its operating voltages, but 50 volts swing may be taken as a fair average 
for purposes of explanation 

The picture signal voltage at the video detector output is determined as shown by Fig. 48-8. At the 
left is represented the modulated voltage at the output of the i-f amplifier and at the detector input. We 
may assume a peak-to-peak strength of 10 volts. After rectification by the detector only one side of the 
i-f signal will remain, as shown by the center diagram. Here we have half the original voltage, or have 5 
volts in the composite television signal. 

In any composite signal the white level is about 15 per cent from zero and the black level is at about 
75 per cent. In between white and black there is then 60 per cent of the total composite signal voltage. 
In our assumed case, 60 per cent of 5 volts would be 3 volts of picture signal swing from the detector. We 
have assumed that there is no voltage loss in the detector itself, which could be true if the effective load 
on the detector exactly matched the internal impedance of the detector. Ordinarily there would be a loss 
of about 10 per cent or more in the detector circuit, so our actual picture signal swing would be about 2.7 
volts. 

If the picture tube requires a picture voltage swing of 50 volts, and we have 2.7 volts at the detector, 
the required gain is the quotient of dividing 50 by 2.7, or is a gain of 18.5 times in the video amplifier 
system. With greater voltage from the i-f amplifier, or with less voltage needed at the picture tube, we 
would not need so much gain in the video amplifier. Less i-f output or more voltage needed at the picture 
tube would call for more gain. The i-f output will vary with changes of strength in the received signal, so 
we shall need a contrast control to maintain a reasonably uniform picture. 

SIGNAL POLARITIES. When studying video detectors we learned that the composite signal must be of 
positive polarity when applied to the grid of the picture tube, and of negative polarity when applied to the 
picture tube cathode. Positive polarity means that picture variations are on the positive side of the sig-
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Fig. 48-9. Signal polarities in a video amplifier having stage connected as a cathode 
follower. 

na!, with sync pulses negative. Negative polarity means the opposite relation between picture variations 
and sync pulses. 

We learned also that the signal is inverted in polarity between grid and plate sides of each video am-

plifier tube. Finally, we learned that a signal of either polarity may be obtained from the video detector, 

depending on whether the detector plate or its cathode is connected to the i-f amplifier output. This de-
tector connection to the i-f amplifier is chosen so that, with whatever number of video amplifier stages are 
used, the signal will be of required polarity at the picture tube. 

In a few video amplifier systems there will be a stage that does not invert the signal. This is true of 
the second video amplifier in Fig. 18-9. Input to this tube is at its grid, and output is from the cathode 
resistor. This tube is connected as a cathode follower. There is no signal inversion in a cathode fol-

lower, so here there are negative signals on both sides of the second amplifier. This tube might not be 
called an amplifier, for there is no voltage gain in a cathode follower, and there usually is some loss. The 
follower connection is used in the circuit illustrated in order that the cathode resistor may be used as a 

low resistance contrast control, feeding the third video amplifier a signal whose strength is determined by 
adjustment of the control. 

TRAP FOR I.\ T El?CA RRIER BEAT. If both the video intermediate and sound intermediate frequencies 
reach the video detector they beat together and the detector acts as a mixer to form a 4.5-mc frequency, 
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Fig. 48-10. A trap for intercarrier beat frequency between video detector and amplifier. 

which is equal to the difference between the two intermediate frequencies. The 4.5-mc frequency is called 
an intercarrier beat frequency. In receivers employing the intercarrier sound system this is the frequency 
that forms the input for the sound section. It is almost completely removed from the video amplifier sys-
tem by the sound takeoff. 

If the intercarrier beat frequency goes through the video amplifier and reaches the picture tube of a re-
ceiver employing a dual or split sound system the result will be a pattern of narrow slanting lines on the 
pictures. If the sound intermediate frequency is completely attenuated by accompanying sound traps in the 
i-f amplifier this frequency will not remain to beat with the video intermediate at the video detector, and 
there will be no intercarrier beat to cause picture trouble. 

If sound intermediate frequency remains at the video detector in a receiver using a dual or split sound 
system, the resulting intercarrier beat may be trapped out in any of the couplings which are between the 
detector and the input to the picture tube. Fig. 48-10 shows an intercarrier beat trap of the parallel reso-
nant type connected in series between the detector and first video amplifier tube. The trap is tuned to 4.5 
megacycles by a movable core in its coil, and then offers maximum impedance at this frequency. A simi-
lar trap might be connected between video amplifier tubes, or between the last video amplifier and the 
picture tube. 

The 4.5-mc frequency of the intercarrier beat trdp is enough higher than the highest required video fre-
quency that the trap causes no reduction of band width in the video amplifier system. An incorrectly tuned 
trap may cut off some of the higher video frequencies to prevent good picture detail, and at the same time 
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Fig. 48-H. Manual volume controls for a-m sound receivers. 

allow the fine- line pattern in the pictures. lntercarrier beat traps seldom are needed and are not often 
found in receivers having intercarrier sound systems, the sound takeoff being relied upon to keep this fre-

quency from the picture tube. 

'CONTRAST AND AUTOIIATIC GAIN CONTROLS. Closely associated with the video amplifier, video 
detector, and i-f amplifier of the television receiver are two important controls. One is the contrast con-
trol, which is adjusted by the user while the set is in operation. The other is the automatic gain control, 
whose adjustment is a service operation. 

The television contrast control is comparable in some ways to the manual or hand-operated volume con-
trol of a sound receiver. The volume control helps maintain a desired sound level with signals from sta-
tions of high or low power, or from nearby and distant stations. A television contrast control helps main-
tain desired contrast between light and dark tones of a reproduced picture from various stations whose 
received signals may be strong or weak. 

he automatic gain control of the television receiver is directly comparable to the automatic volume 
control of sound receivers. I3oth these automatic controls help compensate for changes of strength which 
may occur either suddenly or gradually in the signal from a single station during one program. The auto-
matic controls make it unneccessary for the operator to continually manipulate the manual volurneor con-
trast controls, and they compensate for changes of signal strength which occur too rapidly to allow cor-

rection by any manual control. 

In the majority of sound receivers the manual volume control is of a type generally similar to thaz shown 
at A in Fig. 48-11. A potentiometer is used as load resistor for the diode detector, with the adjustable 
slider taking off any suitable value of audio signal voltage, which becomes the input to the first audio 

amplifier tube. 
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In some present-day sound receivers, and in many of the older types, the manual volume control acts on 
the r-f or i-f amplifier tubes. One such control, shown by diagram R, varies the bias of one or more vari-
able-mu amplifier. The biasing resistance is in two sections, one adjustable for volume control and the 
other non-adjustable to maintain some minimum negative bias regardless of how the control is adjusted. 

Instead of using an adjustable cathode bias, the biasing voltage may be obtained from the negative side 
of the B-power supply as in diagram C. Some of the older sound receivers had volume controls consisting 
of a variable voltage for the screen of r-f amplifier tubes, as in diagram D. Still others had adjustable 

grid resistors, or adjustable resistors across the antenna coupler. 

AUTOMATIC VOLUME CONTROL. Most of the automatic gain controls in television receivers are 
quite similar to automatic volume controls in sound receivers. Therefore, as an introduction to the subject 
of automatic gain control, we shall examine more closely than in earlier lessons some of the commonly 
used automatic volume controls for sound receivers. 

All automatic volume controls employ the same basic principles, which are as follows. To begin with, 
the i-f output signal voltage from the i-f amplifier is proportional to strength of the signal received at the 
antenna. This i-f signal voltage is rectified by a diode, producing a direct current varying in accordance 
with the i-f signal voltage. The rectified current, which really is the audio signal, is filtered by means of 
capacitors and resistors to remove the audio variations and leave only a smooth direct current whose aver-
age strength is proportional to the voltage of the signal from the antenna and i-f amplifier. 

The smooth direct current flows in a resistor, across which appears a voltage whose strength is propor-
tional to the received signal and the i-f amplifier output voltage. The end of this resistor which is nega-
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Live with respect to ground is connected to the grid returns of whatever amplifier tubes are to be automat-
ically controlled. Then the stronger the received signal, and the i-f amplifier output voltage, the more 
negative will be the bias on controlled amplifiers. Thus their amplification is reduced to compensate in 
great measure for the increase of received signal voltage. With a weaker received signal the avc bias be-
comes less negative, and amplification increases. 

Fig. 48-12 shows a simple avc system for an a-m sound receiver. The combined detector, avc tube, and 
a-f amplifier is a duodiode-triode in which the triode section is the a-f amplifier, with the diodes acting 
for detection and automatic volume control. Rectified electron flow is in the direction indicated by arrows. 
Capacitor Ca bypasses intermediate frequencies to ground. Its capacitive reactance at 455 kc ordinarily 
is 1/100 the resistance of Ra, making this resistor and the capacitor act as a filter to keep intermediate 
frequencies out of the parts below Ra. 

Electron flow downward through the volume control resistor means that the top of the control is negative 
with respect to the grounded lower end, which is positive. The negative end of the control resistance is 
connected through resistor RI to the avc bus line, to which come the grid returns of the r-f amplifier, the 
converter, and the i-f amplifier tubes. The cathodes of these tubes are connected through resistors to 
ground, these resistors maintaining a small minimum negative bias at all times. The automatic bias volt-
age then is the drop across the volume control resistor, whose upper negative end is connected to the 
grids and whose lower positive end is connected to the cathodes of controlled tubes, through chassis 
metal ground. 

Since there is no electron flow in the grid circuits of negatively biased tubes there is no flow and no 
voltage differences in parts of the avc circuit on the left of the volume control. Connections shown to 
ground usually would be to 13-minus in a transformerless receiver. The two diode plates of Fig. 48-12 are 
connected together to act like a single plate. Sometimes only one of the diode plates is used for detection 
and avc action, with the other plate grounded. The i-f filter formed by Ra and Ca is not always used, the 
avc bus line being connected to the bottom of the transformer secondary when it is desired to have stronger 
biasing voltage. Resistors Rb serve to isolate the several grid circuits and their signal frequencies from 
one another. These resistors carry no current and do not alter the biasing voltage. 

In Fig. 48-12 the grids of controlled tubes are insulated from the secondary windings of the coupling 
transformers by blocking and coupling capacitors, with the grid returns for biasing voltage through resis-
tors Rb or directly to the avc bus. A different method of connection is shown in Fig. 48-13. here the grid 
returns to the avc bus are through the secondary windings. Insulating or blocking capacitors are connected 
from the lower ends of the secondaries, and the grid returns, to ground. 

The control voltage applied to amplifier and converter grids is the voltage that appears across capacitor 
Cf, which is connected between the avc bus and ground. The satisfactory performance of the avc system 
depends greatly on the time constant of this capacitor and the resistances through which it charges and 
discharges. Charging current cornes from the bottom of the transformer secondary through resistors Ra and 
Rf. Resistance at Rf usually is much the greater of the two. Discharge of Cf is through resistances at Rf 
and Rv, in series between the capacitor and ground. Resistance of the volume control, Rv, may be some-
what less than that of Rf, or it may be greater. l'he time constant for charge is the product of capacitance 
at Cf and the charging resistance, in microfarads and megohms, while the constant for discharge is the 

product of the same capacitance and the resistances carrying the discharge. Capacitor Ca is a bypass 
for intermediate frequencies around the volume control, and its capacitance is so small compared with that 
of Cf as to have negligible effect on time constants. 

A 
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The time constant for standard broadcast reception usually is about 0.1 second, or may be somewhat 
longer, possibly as great as 0.3 second. If the time is too short there will be a-f variations remaining in 
the avc voltage. These variations will act on amplifier biases to reduce the modulation of the signal in i-f 
stages and cause a form of distortion. There also will be poor reproduction of low audio frequencies or 
there will be poor bass response. High-fidelity audio systems often are preceded by avc systems with a 
time constant as long as 0.5 second. 

If the time constant is too long there will be lack of volume control under such conditions as rapid fad-
ing of the received signal. Also, share!) pulses of interference, as from static, may drive the controlled 
grids far negative and audio output will stop until the excessive charge leaks away. This is the action 
called blocking. 

(3> In a receiver having one r-f amplifier, one converter, and one i-f amplifier the avc voltage usually is ap-
plied to all three. With no r-f amplifier the control is applied to the converter and i-f stages. This is true 
whether the amplifier tubes are remote cutoff or sharp cutoff pentodes. Remote cutoff tubes are used more 
than sharp cutoff types in both r-f and i-f amplifier stages. With more than one i-f amplifier there may be 
avc on the first one and cathode-bias on the second. Automatic volume control has its maximum effect on 
tubes closest to the antenna, and least effect on those nearest the detector. 

Fig. 48-14 shows a method for using one of the two twin-diodes for avc and the other for detection. The 
complete diagram for both functions is at the left. The detector circuit is no different than others which 
have been examined. The upper end of the i-f transformer secondary is connected to one of the twin-diode 
plates and the lower end of the secondary is coanected to the volume control resistor in the usual way. 
From the upper end of the secondary there is an additional connection through capacitor •Cd to the avc bus 
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Fig. 48-14. Using one diode for detection and another for ave. 

and the other diode plate. l-f signal voltage from the transformer is applied directly to the bottom diode 
plate, and is applied through capacitor Cd to the top diode plate. The purpose of this capacitor is to pass 
the i-f signal voltage to the top diode and the avc circuit while blocking the d-c voltage developed in the 
avc circuit so that this voltage does not affect the detector circuit. 

The avc circuit is shown by itself in diagrams at the right. In diagram A the arrows indicate directions 
of electron flow when i-f signal voltage coming through capacitor Cd is of such polarity as to make the 
diode plate positive and to make the diode conductive. Capacitor Cf is here being charged in a direction 
which makes its plate connected to the avc bus of negative polarity. Diagram B shows electron flow when 
i-f signal voltage makes the diode plate negative, and the diode non-conductive. Here the capacitor Cf is 
discharging slowly through resistors Rf and Ro, and through the ground connections. 

Fig. 48-15 illustrates other methods of using one diode for detection and the other for automatic volume 
control. In diagram A the voltage from the i-f transformer secondary is applied to the top diode plate and 
to avc capacitorCf through a high resistance at Ro. When the diode plate is positive the capacitor charges 
through the diode. When the diode plate is negative the capacitor discharges through Ro, the transformer, 

the filter resistor, and the manual volume control resistor to uround. 
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Fig. 48-15. Separate diodes for detection and avc. 

In diagram R the i-f signal voltage is applied to the top diode plate and aye capacitor Cf from the bot-
tom of the transformer secondary, for charging of Cf. This capacitor discharges through resistor Rf and 
the manual volume control resistor while the avc diode is non-conductive. 

Fig. 48-16 shows, for a fairly typical receiver, the relations between antenna signal input in microvolts 
and audio output in volts. Assuming that amplification is uniform for all input voltages, frequencies, and 
waveforms, the audio output will increase in direct proportion to antenna input, as shown by curve A, which 
is a straight line on the graph. 

Curve B shows how the audio output is cut down by automatic volume control systems such as those 
which have been examined. The output is reduced as amplification is lessened by the increasingly nega-
tive bias from the avc system. In order that this bias may become more and more negative with stronger 
antenna signals the signal voltage from the i-f amplifier must continually increase to some extent, which 
will increase the charge and voltage on the avc capacitor marked Cf in circuit diagrams. This continued 
increase of i-f amplifier output causes the audio signal to increase with stronger antenna signals, but the 
rate of increase (curve B) is much less than with no aye action (curve A). 

The avc system whose effect is shown by curve B commences to act on even the weakest signal from 
the antenna. If good reception from far distant stations is wanted it is not' desirable that the weakest sig-
nals be subjected to automatic control. Then it would be better to have an avc system acting as shown by 
curve C. Itere there is no control until the antenna signal rises to about 20 microvolts, the audio output 
is the same as with no avc action ( curve A). After this minimum input signal strength is reached the avc 

action commences and continues for all greater antenna signal strengths. Curve C represents the perfor-
mance of what is called delayed automatic volume control. 
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Fig. 48-16. Audio outputs with no avc (A), with simple avc (B), and with delayed avc (C). 

A circuit commonly used for obtaining delayed avc is shown by Fig. 48-17. The principal difference 
between this delay circuit and the one without delay shown in Fig. 48-14 is that the duodiode-triode tube 
is operated with cathode- bias obtained from the cathode resistor at the bottom of the new circuit. All re-
turn connections in the detector circuit are to the cathode rather than to ground. Ave capacitor Cf and 

resistor Ro are connected on one side to ground, and through ground to the bottom of the biasing resistor. 

The result of these connections is to place on the entire avc system, including the avc diode plate of 
the tube, a negative bias. That is, the avc diode plate is made negative with reference to the tube cathode 
by an amount equal to the voltage drop across the cathode-bias resistor. Then this avc diode cannot rec-
tify and build up any biasing voltage on capacitor Cf until i-f signal voltage coming through capacitor Cd 
reaches a peak value equal to the bias voltage, and avc action is delayed until the i-f signal reaches this 
strength. 

The bias voltage and delay voltage must be suitable for a-f amplifier action of the duodiode-triode tube, 
or the tube must be operated with plate voltage suited to the bias applied. Biasing and delay voltage usu-
ally is something between one and three volts. In the delay system it is necessary to use separate diodes 
for avc and detector functions, since a delay voltage in the detector circuit would cause serious distortion 
of the audio output. 
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Fig. 48-17. Connections commonly used for delayed ave. 

Not all detector diodes for a-m receivers are in duodiode-triode tubes. One variation is shown by Fig. 
48-18, where a diode-pentode tube is used as the second i-f amplifier, detector, and avc tube combined. 

There is a single diode plate employed for detection and avc action. The pentode section is connected as 
an i-f amplifier, and a separate tube, over at the right, is provided for audio amplification. 

The i-f transformer at the upper left brings the i-f signal to the grid of the combination tube. The plate 
of this tube connects to the primary of the next i-f transformer, shown below the combination tube. The 
secondary of this transformer is in the diode detector circuit. There is nothing new or unusual about the 
detector circuit. We have seen similar circuits many times before. The avc bus is connected from the top 
of the manual volume control resistor. The avc bias connection to the grid of the diode-pentode tube is 
included in the diagram. Ave leads to other controlled tubes would be taken from the bus farther to the 

left. 
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Fig. 48-18. Diode-pentode tube used as i-f amplifier, detector, and avc tube. 
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In some receivers a diode-pentode tube is used with its diode functioning in detector and avc circuits, 
and with its pentode connected as the audio amplifier that foPows the detector. 

Avc action may be made to hold the audio output voltage more constant or on a flatter curve than shown 
back in Fig. 48-16 by employing what is called amplified avc. In such a system the secondary of the last 
regular i-f transformer feeds a separate diode that acts as the detector. Connected also to the secondary 

of this transformer is an additional i-f amplifier tube as shown in simplified form by Fig. 48-19. This is 
the ftVC amplifier. Following the avc amplifier is another transformer whose secondary feeds a second 
diode serving the avc function. The detector circuit and avc bus circuit are like others which have been 
examined. The two diodes ordinarily are sections of a twin-diode tube, or they may be elements in a duo-
diode-triode or duodiode-pentode tube having suitable cathode connections for the several purposes. 

In f-m receivers or combination fm-am receivers employing a ratio detector the avc voltage for f-m oper-
ation nearly always is taken from the negative side of the large capacitor which is across the ratio detec-

tor output. When f-m detection is by means of a discriminator the avc voltage is taken from the high side 
of ;Ile limiter grid resistor, or from the high side of the grid resistor on some amplifier tube in the i-f sys-
tem. 

When an avc voltage is to be measured, or its changes noted during service operations, the measurement 
is made with an electronic voltmeter or high-resistance d-c voltmeter connected between the avc bus and 

either ground or B-minus. The negative terminal of the meter is connected to the bus, where exists the 
negative avc voltage, and the positive terminal is connected to ground or i3-minus. 
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J The contrast control of a television receiver varies the strength of the signal voltage applied to the 
grid-cathode circuit of the picture tube. The stronger is this applied signal the greater is the difference 
between dad and light tones in the picture. That is, the darkest tones are mare nearly black, the lightest 
tones are I e nearly white, and all the intermediate gray tones are present in their correct proportions. 
Contrast, in any picture, is a measure of the difference between darkest and lightest tones. -When there 
is a great difference we have high contrast, and with little difference there is low contrast. 
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Fig. 49-1. How signal strength affects contrast in the picture. 
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The signal voltage applied between grid and cathode of the picture tube varies the electron beam cur-
rent, just as signal voltage applied between grid and cathode of an amplifier tube varies the plate current. 
Light tones in the picture are produced by relatively large beam current, and dark tones result from small 
beam current. To say the same thing in another way, large beam current causes high brightness in the 
picture areas and small beam current causes low brightness. There is the same relation between signal 

voltage and beam current (or brightness in a picture tube as between signal voltage and plate current in 
an amplifier. 

The relations between signal voltage and brightness for a picture tube may be shown as in Fig. 49-1. 
This is the same type of "transfer characteristic" that we used earlier for showing amplifier performance. 
We shall assume that good picture reproduction results from the signal voltage represented at the left. 
Darkest tones are down almost to the black level, and the lightest tones are up nearly to the white level. 
If the strength of input signal is reduced, as at the right, the dark tones will remain nearly at the black 
level, but the lightest tones will drop far below the white level. 

Fig. 49-2. Normal contrast in test pattern (left) and lack of contrast (right). 

With picture tube signal voltage of the value assumed as satisfactory there might be reproduction of a 
television test pattern about as illustrated at the left in Fig. 49-2. The parts which should be black ap-
pear really black, and those which should be lightest are almost white. Intermediate gray tones also are 

well brought out, as is evident on the diagonal "tone wedges" of the pattern. With a picture tube signal 
voltage too weak the appearance of the pattern would change about as shown by the right-hand illustration. 
The darkest tones still are practically black, but the lightest tones are merely a dark gray instead of 
being nearly white. 

The differences between appearances of the pattern, as illustrated, might result from changing the 
contrast control setting. The darker pattern might result also from a received signal so weak that even 
with maximum setting of the contrast control there still would not be enough signal voltage at the picture 
tube to produce a satisfactory pattern or picture. 
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It is a general rule that the contrast control varies the amplification or gain in the video amplifier, 
acting usually on one tube but sometimes on more than one when the video amplifier contains more than 
one amplifier. Amplification in the tuner and in the i-f amplifier ordinarily is regulated by an automatic 
gain control, which corresponds to the automatic volume control of a sound receiver. 
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Fig. 49-3. Contrast controls on the video detector load resistor. 

Video Amp 

COA1RAS1 CONTROLS. It is possible to vary the gain of the video amplifier system in many ways; 
there is great variety in contrast controls. Two of the simplest methods are illustrated by Fig. 49-3. The 
load resistor on the video detector is a potentiometer whose ends are connected to the detector output and 
to ground. The slider of the potentiometer is connected to the grid of the following video amplifier tube. 
With the slider at the detector end of the potentiometer there is maximum signal voltage applied to the 
amplifier grid, for this voltage then is the total drop across the potentiometer or load resistor. With the 
slider at the grounded end of the potentiometer there is minimum or zero signal voltage for the amplifier 
grid, since the grid then is connected almost directly to ground and does not receive any voltage develop-

ed in the potentiometer. 

Fig. 49-4 shows some contrast controls formed by an adjustable resistor in the cathode line of a video 
amplifier tube. This control might be on the first or second or any other video amplifier. The control of 

diagram A varies the cathode-bias of the amplifier and thereby varies the transconductance and gain of 
this tube. In diagram B the contrast control varies the bias on the amplifier to some extent, but the con-
trol resistance may be of such value as to materially alter the plate current. Reducing the plate current 
by increasing the contrast control resistance will lessen the transconductance and gain of the amplifier. 
An auxiliary negative grid bias voltage is connected to the grid circuit through one resistor and cross 

connected to the cathode through a higher resistance. 

Diagram C of Fig. 49-4 is the circuit for a cathode type contrast control as used in a receiver having 
the plate-cathode circuits of the sound and video systems in series. We examined this type of plate-
cathode connection when studying B-power supplies. With the contrast control setting as shown in the 

diagram the tube cathode woulG be more positive than the 13+ line to which it connects through the control 

unit. There is grid-leak bias on the amplifier tube by means of grid capacitor Cg  and grid resistor hg. 
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Fig. 49-4. Contrast controls on cathodes of video amplifiers. 

This bias voltage is developed across resistol Rg, which is between grid and cathode, not between grid 
and ground or grid and B+. Adjustment of the contrast control varies the resistance and thereby the 
current in the plate-cathode and screen-cathode circuits, thus varying the transconductance and gain of 
the amplifier tube. 

1 1) In diagram D the contrast control again acts chiefly in varying plate current and transconductance of 
the amplifier. There is cathode-bias for the grid by means of the cathode resistor and bypass capacitor 
connected directly to the cathode. Resistor Rg is merely a grid return connection, and does not act to 
give grid-leak bias. Another way of explaining the action of cathode resistors which are not used for 
variable grid bias is to consider that they change the amount of degeneration. Degeneration is a feed-
back of signal voltage in polarity or phase opposite to that applied to the grid from the detector or a pre-
ceding amplifier. Increasing the cathode resistance increases the degenerative voltage, and thus reduces 
the gain of the amplifier tube. 

A 
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Fig. 49-5. Contrast control by adjustable screen voltage (left) and by adjustable plate load (right). 

The transconductance of a pentode amplifier increases with higher screen voltage and decreases with 
lower screen voltage. Consequently, as at the left in Fig. 49-5, a screen voltage adjustment may be used 
for contrast control. A potentiometer is connected in a line between B-1- and ground, with the slider 
connected to the amplifier screen. The screen is bypassed to ground with a large capacitor, usually on 

the order of 10 mf capacitance. 

Earlier we learned that the gain in a video amplifier stage depends almost directly on the resistance 
or impedance of the load in the plate circuit. This fact is utilized for the contrast control shown at the 
right in Fig. 49-5. In parallel with load resistor Ro and compensating inductor Lo is the adjustable 

resistor of the control unit. Short circuiting more of the control resistance drops the plate load, for less 
gain and less contrast, while using maximum control resistance has opposite effects. 

Contrast control may be had from variation of gain in one or more i-f amplifier tubes, or in both i-f and 
r-f amplifiers. Fig. 49-6 illustrates the principle of a method quite often employed for such contrast con-
trols. Biasing voltage for the controlled tubes is provided by a rectifier and filter system used for this 
sole purpose. The rectifier may be one section of a twin-diode whose other section is used as the video 
detector, or the rectifier may be a selenium type such as used in power supplies. Either type of rectifier 
is fed alternating voltage taken from a tube heater circuit in the receiver. 

Smooth direct voltage is obtained from the rectifier by a large bypass capacitance at Ca which is across 
the control resistor and one or more other resistors in series with the control. Additional filtering action 

A 
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Fig. 49-6. Rectifiers providing direct voltage for variable bias used as contrast control. 

is had from capacitor Cb. The slider of the control resistor is connected to the grid returns of the con-
trolled tubes. The value of negative bias on these tubes then is equal to the voltage drop between the 
control slider and ground, plus any additional bias secured from cathode resistors on the controlled tubes. 
Making the bias more negative reduces amplification and contrast. Bias less negative, increases ampli-
fication and contrast. 

A generally similar contrast control for i-f amplifier tubes may be had with voltage taken from the B-
minus side of the plate power supply, much as a fixed negative bias voltage may be taken from the plate 
power supply for any tubes. This latter method requires no separate rectifier for contrast control. 

AUTOMATIC GAIN CONTROL. Automatic gain control in the television receiver maintains fairly con-
stant signal strength at the picture tube input after the contrast control has once been adjusted for satis-
factory reception of a certain station. If the automatic gain control is more than usually effective, it may 
make unnecessary any great readjustment of contrast and brightness controls when switching from weak 

to strong stations or vice versa. There are advantages also in preventing such things as power line 
surges, swaying antenna and transmission line, or low-flying airplanes from making sudden changes of 
picture contrast. 

The circuit for a simple automatic gain control (agc) system as shown by Fig. 49-7 looks quite like that 
for an automatic volume control in sound radio, except that one section of the twin-diode tube is used for 

detection and the other for agc. The output from the last i-f amplifier is fed directly to the detector diode 
and is fed through capacitor Ca to the agc diode. This capacitor blocks the direct voltage developed in 
the agc circuit from getting into the detector circuit, but passes the i-f voltage which is to be rectified for 
gain control. The functions of capacitor Cf and of resistors Rf and Ro are exactly the same as explained 
for similarly lettered parts in avc systems. 
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Fig. 49-7. A simple automatic gain control. 

Ave voltage in a sound receiver is of a value proportional to average strength of the received signal and 
the i-f amplifier output. In a television agc system we cannot use the average strength of the received 
signal for reasons which become apparent when we examine Fig. 49-8. Up above is a rectified or detected 

video signal in which the picture is of generally light tone, most of the picture variations are near the 
white level. Down below is a signal for a picture of generally dark tone, with picture variations close to 

the black level. 

For the light-toned picture the video signal (picture variations and sync pulses) is of much greater 
height or shows a much greater overall change of voltage than does the video signal for the dark-toned pic-
ture. When these two signals pass through one or more capacitors, and become alternating currents or volt-

ages, the amplitude for the light-toned picture would be much greater than for the one of dark tone. In other 
words, the light-toned signal is stronger than the dark-toned one when both become alternating voltages or 
currents as applied to the agc rectifier. Then the age voltage developed for a light-toned picture would be 

more negative than for a dark-toned picture. Amplification of controlled tubes would be reduced when pic-
tures are of light tone, and increased for dark toned pictures. The resulting weaker output signal for light-
toned pictures would make them darker (less beam current), and the stronger output signal for dark-toned 

pictures would make them lighter. 

With action such as just explained the agc system would be lessening or destroying picture contrast. 
Lightening the dark tones and darkening the light ones would bring all of them to intermediate grays, 
which certainly is not the intended purpose of automatic gain control. 
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Fig. 49-8. Tone of a picture affects amplitude of its signal. 

For satisfactory agc action the biasing voltage must be developed from some kind of signal voltage that 
varies only with changes in strength of signal received at the antenna and delivered from the output of the 

i-f amplifier, and one that is not affected by changes in tone of the pictures. Such a voltage is that 
between zero and the tips of the sync pulses, as marked A and B in Fig. 49-8. Voltage A in the light-
toned picture signal is exactly the same as voltage 13 in the dark-toned picture signal. 

Voltage at the sync pulse tips will vary only with changes in strength of the received signal. With a 
stronger received signal the sync pulse tips will be farther from zero, on a voltage basis, and with a 
weaker received signal the pulse tips will be closer to zero, or will be at a lesser voltage. Voltage at 
the pulse tips then should be satisfactory as the origin of the age biasing voltage. The agc voltage 
across capacitor Cf of Fig. 49-7 will remain practically equal to the voltage at sync pulse tips if the 
discharge time constant of this capacitor and resistors RI and Ro in series is made considerably longer 
than the time between successive horizontal pulses, so that very little charge can escape from Cf daring 
the period of one horizontal line. 

When the discharge time constant of capacitor Cf is tong enough to maintain sync pulse peak voltage 
for agc action any pulses of interference or noise voltage reaching the agc system will add to the charge 
on Cf, and will make the agc bias voltage more negative. Continuing interference or noisel,oltage can 
make the agc bias so negative as to stop amplification in controlled tubes and shut off the picture. Pre-
vention of such undesirable effects is a major problem in the design of television agc systems. Some of 
the methods will be considered a little later. 
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Fig. 49-9. Automatic gain controls with i-f input to rectifier cathodes. 

Video 
Amp. 

The i-f output voltage which is to be rectified and filtered for age purposes may be applied to the 
rectifier cathode as in Fig. 49-9. In the left-hand diagram a twin-diode tube serves as age rectifier and 
video detector. The age filter system, down below, is connected to the rectifier plate and is generally the 

same as other circuits which have been examined. 

At the right in Fig. 49-9 a triode tube is used as age rectifier and video detector. Input from the last i-f 
amplifier is to the cathode of the age-detector triode. The grid of the triode acts as the plate of a diode, in 
connection with the cathode, for the detector functionl The triode plate acts as the plate of a diode for age 
rectification. Again the age filter system connected to the plate is like others with which we are familiar. 

When automatic gain control is applied to i-f and r-f amplifiers of television receivers the variations of 
amplifier tube grid bias may cause an undesirable detuning of the controlled stages. This detuning 
usually is spoken of as related to the "Miller effect". The Miller effect is a change of capacitance which 
appears in the grid circuit of a tube when the plate load is a resistance or is partly a resistance. This 

capacitance is altered when there is a change of grid bias, as from age voltage. The change of capaci-
tance is not serious in low-frequency circuits where there is a tuning capacitance so large that the total 

capacitance is not affected but it will change the tuning or resonant frequency or frequency response 
where there is relatively small total capacitance, as in r-f and i-f amplifier circuits. A change in fre-

quency response of controlled stages will change the points at which the video and sound carrier or inter-
mediate frequencies fall on the curve, and will alter the gains at these important frequencies. 

The Miller effect may be partially compensated for by using a cathode resistor across which is no by-
pass capacitor, which allows a degenerative feedback as mentioned earlier. Sometimes part of the cathode 

resistor is bypassed with a capacitor and the remainder is not bypassed. In some receivers an additional 
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small capacitor is connected into the grid circuit to correct the detuning for reception under conditions 
where only a slight change would be harmful. 

DELAYED AUTOMAlIC GAIN CONTROL. Delayed automatic gain control in television is used for the 
same purpose as delayed automatic volume control in sound receivers, to allow better reception of very 
weak signals while retaining automatic control for stronger signals. The delay most often is obtained by 
making the cathode of the agc rectifier somewhat positive. Then this diode cannot conduct until peaks of 
sync pulse voltage from the i-f amplifier become strong enough to make the diode plate still more positive 
than the cathode, or make the plate positive with reference to the cathode. 

Fig. 49-10 shows a simple delay system. Positive delay voltage on the rectifier cathode is the po-
tential difference across a resistor between the Bi- line and ground. If, for example, this delay potential 
is two volts the diode will conduct only when sync pulse amplitude from the i-f amplifier exceeds two 
volts. Only when the signal exceeds this value will there be conduction in the diode, charging of agc ca-
pacitor Cf, and a negative voltage on this capacitor for the agc bus. 

The delay voltage may be of fixed value, usually between one and three volts. In other cases the delay 
may be varied by adjusting the value of resistance across which is the delay voltage. This adjustment 

may be in steps, by means of resistor taps connected through a selector switch to the cathode of the agc 
diode. 

We should note that the signal from the i-f amplifier may be applied to either the plate or the cathode of 
the detector diode, while applying this i-f signal to the plate or the cathode of the age diode. In Fig. 49-7 
both inputs are to the plates. In Fig. 49-9 both are to the cathodes. In Fig. 49-10 the i-f input is to the 
detector cathode and to the plate of the agc diode. 

From 
- F Amp. 

A G C Bus. 

rc, 

Fig. 49-10. Circuits for a simple delayed automatic gain control. 
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Fig. 49-11. A single adjustable resistor used for contrast control and for varying the agc delay voltage. 

In a number of delayed agc systems a smaller delay voltage is applied to the r-f amplifier than to the 
i-f amplifiers. This means that agc action will be applied to the i-f amplifiers before it is applied to the 
r-f amplifier as received signal strength is gradually increased. The r-f amplifier continues to operate 
with its full gain after the gain of the i-f amplifiers has commenced to be reduced by agc action. The two 
different agc voltages, or more than two if desired, are obtained by connecting a resistor type voltage 
divider on the grid return side of the agc capacitor marked Cf in diagrams. Then different agc voltages 
may be taken from different taps on the voltage divider, but all these age voltages will increase on strong 

signals and decrease on weak signals. 

This general method of age operation may improve the ratio of desired signal to noise voltage from the 
entire r-f and i-f amplifier system. Noise voltages caused by small and random electron flow in tubes, 
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c. 
Fig. 49-12. A delay voltage from contrast control applied to age bus. 

resistors, and conductors generally are more or less independent of gain in the stage where noise origi-

nates. Noise voltages developed in the r-f stage are amplified by all the following tubes, and have much 
worse effect than noise voltages originating in the later stages, which are followed by less amplification. 
Then the stronger the signal at the output of the r-f amplifier the less will be the relative strength of 
noise voltages at this point. With both r-f signal output and noise voltage equally amplified in all follow-
ing stages there still will be more signal than noise at the final output from the i-f amplifier. 

Delay voltages usually are in such proportion that age action on the r-f amplifier commences only after 
the signal from the antenna is strong enough that the r-f output might overload following i-f amplifiers. 
Were there no age action on the r-f amplifier its output on strong received signals could overload the i-f 
amplifier, which would reduce the i-f gain and cause weak picture reproduction. In some receivers there 
is a switch for cutting out the age action while tuned to very weak received signals. 

C9, There are many television receivers in which the age delay voltage is altered by the same adjustable 
resistor that acts as a contrast control for the video amplifier. When reception is of a weak signal the 
operator naturally increases the contrast control, which increases the gain of the video amplifier. This 
action increases the delay voltage, thus allowing r-f end i-f amplifiers to operate without automatic gain 
control or with full amplification until stronger signals are received. 

One of the methods quite commonly•used for interconnecting the contrast and gain controls is shown by 
the simplified diagram at the top of Fig. 49-11. The contrast control unit is a potentiometer whose slider 
is connected to ground. One of the ends is connected to the cathode of a video amplifier tube and the 
other end is connected to the cathode of the age diode, and also to the B+ supply through a resistor. 
Broken line arrows show the direction of electron flow from ground through part of the control resistance 
and to the cathode of the video amplifier. Full-line arrows show the direction of electron flow from ground 
(which also is B-minus) through the other part of the control resistor to the B4- line. 
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Fig. 49-13. One method for amplifying the agc voltage. 

Age delay voltage is the voltage drop in the portion of the resistor which is between the slider and the 
D+ connection. This is the voltage between ground and point X, which connects to the cathode of the 
age diode. Moving the slider toward the age cathode reduces the delay voltage, moving it toward the 
amplifier cathode increases the delay voltage. 

Positive voltage on the video amplifier cathode, with respect to ground, is the voltage drop in the 

portion of the control resistor which is between the slider and the amplifier cathode. Positive voltage on 
an amplifier cathode is equivalent to negative bias on the grid when the grid is connected (through ground) 
to the slider of the resistor. Moving the slider toward the amplifier cathode reduces the negative bias on 
this tube and increases the gain or contrast. Moving the slider the other way reduces gain and contrast. 

A control such as described would be shown on a service diagram somewhat as in the larger diagram at 
the bottom of Fig. 49-11. The description of control action in the upper diagram applies equally well to 
the lower diagram. The two bypass capacitors across the contrast control resistor in the lower diagram 
are of different values, possibly 100 mmf nearest the cathode and 300 mmf or more nearer the ground 
connection. This varies the degeneration to allow more amplification at high video frequencies than at 
low frequencies. Vie shall examine the whole subject of degeneration a little later on. 

Fig. 49-12 shows another way of utilizing two voltage drops across a contrast control potentiometer, 
once for controlling gain in a video amplifier tube and the other for an age delay voltage. Directions of 
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Fig. 49-14. I-f output signal voltage used for regulating the gain of an age amplifier. 

electron flow and divisions of voltage drop in the contrast control resistance are the same as previously 
explained. At point X there is a positive voltage with reference to ground, this voltage being applied 
directly to the age bus rather than to the cathode of the age diode. This positive delay voltage counter-
acts more or less of the negative age voltage developed across capacitor Cf and thereby alters the signal 
strength at which the age voltage becomes effective in limiting amplification of r-f and i-f amplifiers. 

OAMPLIFIEb AUTOMATIC GAIN CONTROL. Automatic gain control systems often include an amplifier 
tube which increases the age or biasing voltage. The amplifier may precede or follow the age rectifier. 
In age systems which provide amplification, there practically always is delay action in addition. 

Fig. 19-13 is a somewhat simplified circuit diagram for an agc system in which the amplifier comes 
ahead of the age rectifier. The signal from the last i-f amplifier is applied to the plate of a diode acting 

as a takeoff for the age system. Another line goes to a separate video detector diode. The rectified 
voltage from the takeoff diode is applied to the grid of the age amplifier through a filter that removes 
remaining intermediate frequencies and delivers positive sync pulses to the amplifier. The amplifier 

output voltage is applied to the cathode of the age rectifier diode, whose plate is connected to the usual 
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Fig. 49-15. A negative-going plate voltage may be used for automatic gain control. 

type of age filter and the agc bus. The second section of this final twin-diode carries amplified sync 

pulses to the sync section of the receiver. 

Fig. 49-14 is a simplified circuit diagram for an amplified agc system in which are several somewhat 
unusual features. Vie should note first that the voltage which is amplified and then rectified to provide 

the final negative bias on controlled tubes is not obtained from the i-f output, rather it consists of voltage 
pulses taken from the sweep section of the receiver and applied to the grid of the agc amplifier. These 
pulses are at a frequency of 15,750 cycles per second, which is the horizontal line frequency. The signal 
voltage from the i-f amplifier is used to control the bias on the grid of the agc amplifier. This varies the 
amplification applied to the voltage pulses from the sweep section, and thus varies the value of the age 

voltage for controlled tubes. 

Signal voltage from the i-f amplifier is rectified by the takeoff diode. The rectified d-c voltage from 
this diode is passed through a rather elaborate filter of resistors and capacitors to make it a smooth direct 
voltage, which appears across resistor Lti in the amplifier grid circuit. This grid voltage is positive with 

reference to ground, but the cathode of the agc amplifier is made still more positive by connecting it to 
the B+ line that goes to the delay circuit over at the right. Thus the amplifier grid is effectively negative 
with reference to the cathode. A stronger signal from the i-f amplifier makes the amplifier grid more posi-
tive, or really less negative with reference to the cathode, and increases the amplification of this tube. 
This greater amplification works on the pulse voltages coming from the sweep section. 

The amplified pulse voltages from the plate of the agc amplifier are applied to the plate of the following 
age rectifier. The rectifier cathode is connected to an adjustable positive delay voltage, the principle of 
which has been examined earlier. 

The plate of the agc rectifier is connected to the circuits, down below, in which the agc voltage is 
developed in the usual manner. Here, however, the total voltage drop is divided between two resistors 
marked Ro and between two capacitors marked Cf. The higher agc voltage from the top of this divider 

system goes to the grid returns of i-f amplifiers. The lower agc voltage from farther down on the divider 
goes to the grid return of the r-f amplifier. This allows the r-f amplifier to operate at full gain or without 
agc action until received signals are relatively strong, all as discussed in preceding pages. 
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Fig. 49-16. Voltage changes in an agc system which operates below ground. 

Fig. 49-15 shows the essential parts of an amplified age system which utilizes a principle not hereto-
fore examined. The i-1 signal from the final i-f amplifier is applied to the plate of the age rectifier diode 
whose d-c output, well filtered to leave smooth direct voltage, is applied to the grid of the age amplifier. 

This direct voltage is positive with reference to B-minus at the rectifier output and at the amplifier grid, 

and it becomes increasingly positive with increase of signal strength from the i-f amplifier. The cathode 
of the age amplifier is connected through the adjustable control resistor to B-minus. Negative cathode-

bias voltage developed in the portion of this control resistor which is below the slider more than over-
comes the positive voltage from the rectifier and makes the grid negative with reference to the cathode. 

An increase of strength in the signal from the i-f amplifier, which is rectified by the age diode, tends to 

makes the grid of the age amplifier still more positive, and really does make the grid less negative. Be-
tween grid voltage changes and plate voltage changes at the age amplifier there is inversion of polarity, 
such as occurs in every amplifier. Then a less negative voltage at the amplifier grid means a less posi-

tive voltage at the plate of this tube. This is equivalent to a plate voltage which is more negative. This 

plate voltage, which effectively goes more negative on stronger signals from the i-f amplifier, could be 

used as an increasingly negative age voltage except for the fact that plate voltage in a circuit such as 
shown here actually would be positive with reference to B-minus. 

To utilize the principle of a plate voltage that goes more negative on stronger signals the entire age 
amplifier circuit must be operated at voltages which are negative with reference to ground. Age systems 
in which all voltages on tube elements are negative with respect to ground may be said to operate "below 

ground", while systems in which tube elements are positive with reference to ground are said to operate 
"above ground". 

When an age system is operated below ground the action may be explained in an elementary way with 

the help of Fig. 49-16. The left-hand diagram represents conditions with which the received signal is 

weak. Then we wish to have no age action or to have zero age voltage. I-f signal voltage is being recti-
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fied by the diode at the upper left. The cathode of this rectifier is directly connected to the grid of the 
amplifier, and is connected through resistor Rd at the same time to a point in the power supply system 
which is 40 volts negative with reference to ground. Ground is considered to be zero voltage in the power 
supply system. The rectified diode current is flowing toward the cathode of the diode, upward in resistor 
lid, and is making the top of this resistor and the amplifier grid 5 volts more positive or 5 volts less nega-
tive than —40 volts at the bottom. Thus we have —35 volts at the amplifier grid. 

'1 he amplifier cathode is connected through resistor Bk to a point in the power supply that is 30 volts 
negative with reference to ground. There is no current or electron flow in resistor Bk because the ampli-
fier grid is so much more negative than 30 volts as to be in a condition of plate current cutoff. That is, 
the amplifier- now is biased beyond cutoff. With no current in Rk there is no potential difference across 
this resistor, and the amplifier cathode voltage is 30 volts negative. 

The amplifier plate is connected through resistor Ro to ground, which is of zero voltage. Since plate 
current is cut off, there is no current and no voltage drop across resistor Ro, and the amplifier plate is at 
zero voltage. The amplifier plate is connected to the regular age filter system and the age bus, so we 
have zero agc voltage. 

Supposing now that i-f amplifier output voltage commences to increase, with a stronger received signal. 
There will be more rectified current through resistor lid, more voltage drop across this resistor, and volt-
age at the amplifier grid will become more positive or, actually, less negative. However, the amplifier 
will not begin to conduct until its grid voltage rises to a value above the point of plate current cutoff. 
This means that we have a delayed age system; there will be no negative agc voltage until the received 
signal and i-f output increases from minimum to a value that releases the age amplifier from the condition 

of cutoff. 

We next assume that i-f amplifier output has become strong enough to bring about the conditions shown 
by the diagram at the right in Fig. 49-16. There is more current and more voltage drop in resistor Bd, 
which brings amplifier grid voltage to —33. The amplifier plate is more positive, or less negative, than 
its cathode — because the plate is at zero volts and the cathode is 30 volts negative. This plate voltage 
causes electron flow or current in the amplifier. This current flows upward in resistor ltk, there is a 1-
volt drop across Bk, and the cathode voltage becomes —29. With amplifier grid voltage at —33 and cathode 
voltage at —29 there is a 4-volt negative grid bias instead of the former 5-volt negative bias. Amplifier 
plate current flows downward through resistor Ro. The accompanying voltage drop in Ibo makes the top of 
this resistor more negative than the bottom, which is at zero volts. Then the top of 11k and the age bus 
becomes 5 volts negative. Thus the agc voltage changes from zero to 5 volts negative when there is a 
stronger received signal. 

The voltages used for illustration of principles in Fig. 49-16 are merely typical values. Obviously, the 

amplifier tube has to be of such characteristics, the resistors of such values, and the applied negative 
voltages of such values as will produce desired results. This is a matter of design, and is not too diffi-

cult. 

AGC LIMITERS OR CLIPPERS. Earlier it was mentioned that noise pulses or interference pulses can 
upset the action of an age system. Such voltage pulses may be stronger than the sync pulses. Then the 
value of age negative voltage becomes proportional to the noise rather than to the strength of the received 
signal. It is quite possible for noise pulses to make the age bias so negative, and gain of r-f and i-f 
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Fig. 49-17. 49-17. How noise limiters or clippers may be connected to agc circuits. 

stages so low, that the video signal disappears from the output. This will be true when there is a low 
ratio of signal to noise in the first place. There are numerous methods for reducing or preventing the bad 
effects of excessive noise. 

At the left in Fig. 49-17 is an amplified agc system similar to those which have been explained, except 
for the addition of a limiter diode. The plate of this diode is connected to the cathode of the agc rectifier, 
at which sync pulses are positive and at which noise pulses also would be positive. The limiter cathode 
is connected to a point in the B-power system which is positive with reference to ground. This diode 
cannot conduct unless its plate is made enough more positive than the cathode voltage that the plate 
becomes positive with reference to the cathode. 

The limiting B-voltage on the limiter cathode is made equal to the maximum peak voltages of sync 
pulses which are to be amplified and used for agc purposes. Then the limiter diode does not conduct with 

normal video signals. If noise pulse voltages are stronger than normal sync pulse voltages the limiter 
plate is made more positive than its cathode. Then the limiter conducts and acts like a short circuit to 

ground (through the B-1- lines) for the excess voltage, and this voltage does not affect the agc output from 
the amplifier plate. 

At the right in Fig. 49-17 a limiter diode is connected to the plate circuit of the agc amplifier and to the 
agc bus. The limiter cathode is connected to the bus, where there is a negative agc voltage. The limiter 

plate is connected to a point in the B-power system at which voltage is more negative than ground. This 
negative plate voltage on the limiter is made equal to the desired maximum negative age voltage, and 
under this condition the limiter does not conduct. If agc voltage is made still more negative by noise 
pulse voltages coming through the amplifier, the limiter cathode becomes more negative than its plate. 
With the plate relatively positive the limiter diode conducts and shorts the excess noise voltage to ground 
through the B-power lines. Either or both these limiter methods may be used in an agc system. The 
limiter often is called a noise clipper. 

Other and more elaborate methods which prevent noise pulses from affecting the agc system and also 
the sync section of the receiver will be examined in the next lesson. These other methods are called 
keyed or gated automatic gain controls. 
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At the end of the preceding lesson we had an automatic gain control in which there are the desirable 
features of delay on weak signals, of amplification for more uniform signal output, and of limiting or clip-
ping any existing noise pulses so that they would not cut off the desired signal. 

Our age system, as so far developed, operates with a biasing or control voltage proportional to ampli-
tude of sync pulse peaks in the received signal. This insures a change of age bias only when there is a 
change of signal strength, not when there is a change of picture tone or brightness. Charging of the agc 
capacitor results from voltage at the peaks of horizontal sync pulses and also from peaks of the much 
longer vertical sync pulses. The vertical sync pulses occur 60 times per second. 

To prevent the age biasing voltage from varying at the rate of 60 times per second, due to the relatively 
long rectified currents for each vertical sync pulse, the time constant of the age capacitor and associated 
resistors must be long enough to hold the charge practically constant for at least 1/60 second. If, with 
this long time constant, a noise pulse lasts for less than 1/60 second the age voltage cannot change fast 
enough to reduce amplification during the noise pulse. Then the noise voltage can pass on through the 
controlled amplifiers. 

Noise 

Fig. 50-1. Noise pulses may upset synchronization, even when no stronger than sync pulses. 
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Fig. 50-2. Appearance of a pattern when horizontal synchronization is lost. 

It would be desirable to use a much shorter time constant, which would allow the agc system to act on 
very short noise pulses. This is done in what are called keyed or gated age systems. Before describing 
these systems we may discuss one other difficulty that may arise with our original methods. 

This other difficulty is one that may upset synchronization of the picture, in this manner. Assume that 
the agc system contains one or more limiters or clippers that permit noise pulse voltages to rise no higher 
than sync pulse voltages. In spite of this, a short-time noise pulse can occur in between two regular sync 
pulses or on the leading or trailing edges of sync pulses as at A in Fig. 50-1. Longer noise pulses could 

obliterate several regular sync pulses as at B. The timing action of the deformed or obliterated sync 
pulses would be altered or destroyed. 

If horizontal synchronization is upset in this way the reproduced pattern or picture may take on a 
momentary appearance such as pictured by Fig. 50-2. When vertical synchronization is affected the pat-
tern or picture may roll, which means rapid movement either up or down on the screen. 

The electrical action of a keyed agc system is to make the agc rectifier conductive only during instants 
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Fig. 50-3. Circuits and voltage pulses for one kind of keyed agc system. 

Gin which occur the regular horizontal sync pulses, and to keep this tube non-conductive during all other 
periods in which noise pulses may occur. Then the agc voltage for controlled tubes can be developed only 
according to peak voltage of the regular horizontal sync pulses. The time constant of the agc capacitor 
and resistors may be made proportional to the frequency of horizontal sync pulses, which is 15,750 cycles 
per second. The short time constant allows agc action to follow rapid changes of signal strength, and 
compensate for these changes with corresponding variations of agc biasing voltage. 

Circuits for one type of keyed agc system are shown by Fig. 50-3. To the grid of the agc tube is ap-
plied the composite signal voltage as taken from the output of a video amplifier tube. This signal voltage 
is taken from a poiftt at which the sync pulses are positive. Ile plate of the agc tube is connected 
through a coupling capacitor to a small coil inductively coupled to the width control inductor which is 
connected to the secondary of the horizontal output transformer. In the secondary circuit is the picture 
tube deflection yoke. In this circuit appear strongly positive "flyback pulses" of voltage. These flyback 
pulses are in time with horizontal sync pulses, because horizontal deflection action is controlled by these 
sync pulses. The flyback pulses are the only source of plate voltage for the agc tube. 

The cathode of the agc tube is connected to a B+ voltage of about 135 to 140 volts. The grid of this 
tube is connected to the plate voltage of the video amplifier which is somewhat lower than the B+ voltage 
on the plate circuit, due to drop in the plate load. This the grid of the agc tube is negative with reference 
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Fig. 50-4. Circuits and voltages in a gated age system. 

to its cathode. The plate of the age tube is connected through one or more resistors to ground or B-minus, 
and is at zero voltage except during the application of positive flyback pulses. 

t1hen positive flyback pulses at the plate occur during the same instant as positive sync pulses at the 
grid the tube conducts and charges age capacitor Cf in the usual way. There is conduction because the 
positive sync pulsesovercome part or all of the normal negative bias on the grid, while flyback pulses 
furnish the necessary positive plate voltage. If positive voltage pulses due to noise reach the grid of the 
age tube in between the times of regular sync pulses the plate of this tube will be negative, since there 
will be no flyback pulse, and the tube will not conduct to alter the age voltage or charge on capacitor Cf. 

Fig. 50-4 is a simplified circuit diagram of a gated age system which operates with two triodes, A and 

B, or with a twin triode. The plate of triode A is connected to a B+ line. To the grid of this triode is 
applied a composite signal voltage taken from the top of the load resistor for the video detector. Sync 
pulses are negative in this composite signal, so the stronger the signal the move ..?sative becomes the 
grid of triode A and the less is its plate current. 

Plate current of triode A flows in resistor ilk, which is connected in a way that makes it a bias re-
sistor on triode B, although the current through this resistor and the biasing voltage across it are chiefly 
dependent on plate current of triode A. To the plate of triode B is applied a sine wave voltage obtained 
from the circuit of the horizontal sweep oscillator. The frequency of this voltage is the same as that of 
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horizontal sync pulses on the grid of triode A, it is 15,750 cycles per second. It is only during tips of 
positive alternations of this plate voltage that triode B can conduct and charge agc capacitor Cf. 

A stronger signal from the i-f amplifier and video detector makes the grid of triode A more negative, 
reducing the plate current and reducing the current and voltage at resistor Rk. This reduced voltage 
across Rk means a less negative bias for triode B. When sync pulses and positive alternations of plate 
current on triode B occur together this triode conducts, and maintains or increases the age voltage. If 
noise pulses reach the grid of triode A at times in between the positive alternations of plate current on 
triode B this second triode is non-conductive, because its plate is riegative, and the noise pulses can 
cause no charging of the age capacitor. 

IÇBRIGHTNESS AND CONTRAST. Contrast and gain controls of a television receiver control the ampli-
fication in video amplifiers, or video and i-f amplifiers, to regulate the strength of the signal reaching the 
picture tube. The grid of the picture tube must be negatively biased to a degree that will accomodate the 
strength of this signal. The amount of bias voltage, in relation to signal strength, determines whether or 

not the reproduced picture will contain a full range otshading and will have average or overall brightness 
equivalent to the original televised scene. If signal strength is changed by adjusting the contrast control, 

the picture tube grid bias must be changed to suit. The reasons will become evident in following paragraphs. 

The adjustable control that varies the average grid bias on the picture tube most often is called the 
brightness control, but sometimes is spoken of as the brilliancy control, intensity control, or background 
control. The bias voltage on the grid of a picture tube controls average strength of current in the electron 
beam, just as bias on an amplifier tube controls average strength of plate current. When picture tube bias 
is made less negative it allows more beam current, and greater all over brightness in the picture. If the 
bias is made more negative it reduces beam current, and makes the picture darker or less bright. 

When you "increase" the brightness control of a television receiver, or turn the brightness "up", you 
are making the bias on the picture tube grid less negative. When the setting of the brightness control is 
reduced or turned down, the picture tube grid bias is being made more negative. 

@ If the brightness control is turned too far down, making picture tube grid bias too negative for the 
strength of signal being applied, the reproduced pattern or picture becomes dark all over, about as shown 

at the left in Fig. 50-5. If the brightness control is turned too high, making picture tube grid bias in-
sufficiently negative for strength of applied signal, the effect on patterns or pictures will be somewhat 
as shown at the right. The picture will be light gray all over, and usually there will be white lines sloping 
upward toward the right. These are called vertican retrace lines. Such lines may appear also when the 
contrast control is turned too low for the existing setting of the brightness control. 

Relations between settings of contrast and brightness controls are best illustrated as in Fig. 50-6. 
Signal voltages are applied to the transfer characteristic curve of a picture tube, and resulting changes of 
beam current are shown as changes of brightness. It is helpful to keep in mind that signal strength is 
determined by the contrast control, and that the amount of negative grid bias is determined by the bright-
ness control. 

Diagram A represents correct relations between signal strength and grid bias. The applied signal is an 
alternating voltage whose average or zero value is at the bias voltage and whose alternations go positive 
and negative with reference to the bias voltage - exactly as do variations of signal voltage applied to the 
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Fig. 50-5. Brightness control too low, at left, and too high, at right. 

grid of a negatively biased amplifier tube. The grid bias for correct reproduction is of a value that brings 
the black level of the signal to the grid voltage that causes cutoff of the electron beam. When the beam 
is cut off, the picture tube screen is without illumination, or is black. 

All signal voltages which are more negative than the voltage for cutoff leave the screen black, since 
there can be no beam current at any voltige below cutoff. These parts of the signal in diagram A include 
the sync pulses. Consequently, the sync pulses are cut off and have no effect whatever on the reproduced 
picture. 

All signal voltages which are less negative than the voltage for cutoff, and all signal voltages which 
are positive, cause beam current to flow and cause a degree of illumination or brightness on the screen 
that corresponds to signal voltage. These parts of the signal in diagram A include all the picture varia-
tions. This means that all changes of tone or shading represented by the picture signal will appear on 
the screen of the picture tube. 

Unless grid bias on the picture tube is such as brings the black level of the applied signal voltage to 
the grid voltage for beam cutoff there cannot be correct reproduction of dark and light tones in the re-
produced picture. 

Now let's go to diagram B of Fig. 50-6. Picture tube grid bias has been made less negative than 
before, but we still have the original strength of applied signal voltage. Less grid bias means that the 
brightness control has been turned up or increased. This should not have been done when there was no 
change of signal strength. The result, as you can see at the right of the characteristic curve, is to bring 
the reproduced pattern or picture too high in brightness. Average electron beam current is too great. 
Voltages of the applied signal have been moved too high on the characteristic curve. 

Two bad effects show up in diagram B. First, the black level in the picture no longer is at the point of 
beam cutoff. Parts of the image that should be black now are raised to a dark gray. All other parts of the 
image above the black level are too high in brightness, and all will appear lighter than in the original 
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Fig. 50-6. What happens when brightness is turned too high, and how it is corrected. 

scene._ The second Dad effect is to bring parts of the sync pulses, or their effects, into the picture. We 
are using sync pulse voltage as part of the picture signal, whereas this voltage should be cut off. 

Next look at diagram C of Fig. 50-6. Picture tube grid bias is the same as in diagram B meaning that 

setting of the brightness control is the same in both cases. But now the contrast control has been turned 
up to strengthen the voltage of the applied signal. The average voltage of the applied signal remains at 

the grid bias voltage, as always. Increasing the signal amplitude moves the positive peaks of signal 
voltage still more positive, and moves the negative peaks (sync pulse tips) still more negative. This 
expansion of signal voltage on the negatilie side has brought the black level of the signal down to the 
picture tube grid voltage for beam cutoff. This means that we have correct reproduction of the pattern or 
picture, with sync pulses cut off and all picture variations of the signal causing proportionate changes of 
beam current and brightness. 
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Fig. 50-7. Brightness turned too low, and compensating adjustment of contrast control. 

h hat might have happened during the sequence shown by Fig. 50-6 is this. At A the operator has a 

picture with all shadings correctly related to one another, and with correct contrast, but he feels that the 
whole picture is too dark. At B he has increased the brightness control to lighten the picture, but now 
there is lack of contrast, with everything appearing in too much of the same gray tone. At C the operator 
has left the brightness control alone, but has increased the contrast control. He has restored the correct 

range of shading from darkest to lightest, and also has the brighter picture that he started out to obtain. 
The picture at C is brighter than the one at A because all the variations have been moved up, and the 
average conies higher on the brightness scale. 

In Fig. 50-7 are illustrations of what happens when brightness is turned too low, when picture tube grid 
bias is ruade too negative. Diagrams are marked i2 and Ebecause they really are a continuation of the 
series begun in Fig. 50-6. Ve commence once more with contrast and brightness relations as at A in 

Fig. 50-6, then decrease the brightness or make picture tube grid bias more negative as at fl in Fig. 50-7. 

e still have the original strength of applied signal. Making the bias more negative has moved the 
whole signal voltage down on the characteristic curve, and has brought the black level of the signal well 
beyond the grid voltage for beam cutoff. Along with the black level have gone some of the darker varia-
tions of the signal, and in the reproduction at the right of the characteristic curve these shadings which 

should have been dark gray are completely cut off and are changed to black. Only those portions of signal 
voltage that correspond to light tones have any effect on increasing the beam current. 
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Reducing the brightness or making the bias more negative, with no change of signal voltage, has re-
duced all the darker grays of the original image to black in the picture.. The added blacks make the 
picture appear too dark. Actually there has been also a loss of contrast, because there is less difference 
between darkest and lightest remaining tones than between darkest and lightest tones in the original 
reproduction. 

At E in Fig. 50-7 the picture tube grid bias is the same as at D, the brightness control still is turned 
too low. But the contrast control has been turned down to reduce the signal voltage. The average or 
zero voltage of the signal stays at the bias voltage, but signal voltage amplitude decreases on both sides 
of its zero. This contraction of signal voltage has drawn the black level over to the point for beam current 
cutoff. Then, of course, there is cutoff in the reproduction of only the sync pulses. All the picture varia-
tions of the signal voltage cause corresponding changes of beam current and brightness. 

In diagram E we have correct contrast, because all changes of shading represented in the signal are 
proportionately reproduced in changes of brightness. Readjustment of the contrast control has corrected 

the contrast at the low brightness level caused by turning down the brightness control. But the picture at 
E doubtless would be too dark. If an operator were to attempt lightening the picture by turning up the 
brightness control, making grid bias less negative, the result would be like that shown at B in Fig. 50-6. 
The whole picture would be raised too high on the brightness scale, and would be an all over light gray. 
Then it would be necessary to increase the contrast control, and applied signal voltage, in order to bring 
the black level down to the point of beam cutoff. 

BRIGHTNESS CONTROLS. The electrical purpose of the adjustable brightness control is to make the 
grid of the picture tube more or less negative than the cathode in this tube, or to vary the grid bias. The 
brightness control must be designed so that the grid never may become positive with reference to the 
cathode, and very seldom is the grid voltage allowed to become zero with reference to the cathode. 

Fig. 50-8 illustrates the principles of several brightness control circuits for receivers in which the 

signal output of the last video amplifier is fed to the picture tube through a capacitor at Cc. In diagrams 
A and B the video signal is applied to the grid of the picture tube. In diagram C the video signal is 
applied to the cathode of the picture tube. 

In diagram A the picture tube grid is connected to ground through resistor .R.B. gith the grid negative 
there is no current and no voltage drop in this resistor, so the grid is maintained at ground potential. The 
cathode of the picture tube is connected to the slider of the brightness control potentiometer, which is in 
a line between a 13+ voltage and ground. Resistances and B voltage for the control circuit are of such 
values that the left-hand end of the control potentiometer is at + 50 volts and the right-hand end is at 
+5 volts. 

The cathode in diagram A always is positive with reference to ground. Since the grid is at ground 
potential, the cathode always is positive with reference to the grid. This is equivalent to always having 
the grid negative with reference to the cathode, or to always having negative grid bias. % hen the slider 
of the control potentiometer is moved to the + 5-volt position there is a 5-volt negative bias on the grid. 
%ith the slider at the 450-volt position there is a 50-volt negative bias on the grid. There is maximum 
beam current and maximum brightness of the picture when the bias is minimum, with the brightness control 
slider at the low-voltage end of its travel. At the other end of the slider travel there is maximum negative 
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Fig. 50-8. Brightness control circuits where there is capacitor coupling 
from video amplifier to picture tube. 

grid bias, minimum beam current, and minimum brightness of the picture. The abbreviations Min and Max 
on the diagram, for minimum and maximum, refer to picture brightness or to settings of the brightness 
control. 

In diagram B the cathode of the picture tube is connected to ground, and is at ground potential, whereas 
in the first diagram the grid is at ground potential. Now it is necessary to maintain the grid negative with 
reference to ground (cathode) potential by connecting the brightness control potentiometer into a line that 
is in the negative side of the B power supply, or into a line between B-minus and ground. The grid of the 
picture tube is connected through resistor to the slider of the potentiometer. Moving the slider varies 
the negative grid bias between 5 and 50 volts. The 5-volt negative bias causes maximum beam current 
and brightness, while the 50-volt negative bias causes minimum beam current and brightness. 
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In diagram C of Fig. 50-8 the signal output of the video amplifier is fed through capacitor Cc to the 
cathode of the picture tube. The grid of the picture tube is connected to ground. The cathode connects 
through resistor Ilk to the slider of the brightness control potentiometer. This potentiometer is in a B+ 
line with other resistors of values that cause voltages at the ends of the potentiometer to be + 50 and + 5. 
These positive voltages on the cathode are equivalent to negative bias voltages on the grid, and we have 
the same results as in diagram A so far as control action is concerned. 

The cathode of a picture tube must carry the current for all the anodes and also the beam current. Con-
sequently, in circuit C there is electron flow in directions indicated by broken-line arrows through resistor 
Ilk and through whatever portion of the potentiometer resistance is between the slider and ground. Volt-
age drops due to cathode current in these resistances are of such polarity as to add to the positive volt-
age on the cathode, with reference to ground and the grid. These voltage drops provide the minimum bias, 
shown as 5 volts at the right-hand end of the control potentiometer in this diagram. There is some certain 
minimum cathode-bias in this type of control. The cathode-bias is added to by B voltage acting in the 
control potentiometer. 

Fig. 50-9 illustrates some brightness control circuits used in receivers where the output signal from 
the video amplifier is fed directly to the grid of the picture tube (diagram A) or directly to the cathode 
(diagram B) without having any coupling and blocking capacitor between video amplifier and picture tube. 
ith systems such as these the grid or cathode of the picture tube is at the same voltage as the plate of 

the video amplifier, a voltage which must be sufficiently positive with reference to ground to operate the 
video amplifier tube. 

The grid return circuit or the conductive circuit between grid and cathode of the picture tube includes 
resistors Ro and Rd in the plate circuit of the video amplifier, also the portion of the brightness control 
potentiometer resistance to the left of the slider, and any other resistors which may be in the brightness 

control circuit for dropping of voltage. In this grid return circuit must be potential differences that main-
tain the grid negative with reference to the cathode, or that maintain a negative bias on the grid. 

In diagram A the amplifier plate circuit and brightness control circuit are fed from a point which is 200 
volts positive in the B supply system. In resistors Ro and lid there is a drop of 50 volts, leaving the 
amplifier plate and picture tube grid 150 volts positive. The left-hand end of the control potentiometer is 
connected to the 200-volt B+ voltage, so is at a potential of 200 volts withreference to ground. There is 
a drop of 50 volts or less in the control resistance, leaving the right-hand end with a potential of 150 
volts or slightly more. The remaining voltage drop to ground occurs in resistor Ra. 

Moving the slider of the control potentiometer all the way to the right brings the slider and the con-
nected picture tube cathode to a positive potential of 150 volts or slightly more. This is either the same 
potential as on the picture tube grid, or a slightly greater potential. Then, with reference to the cathode, 
the grid bias is zero or slightly negative and there is maximum beam current and also maximum brightness. 
Moving the control slider all the way to the left places the slider and picture tube at a positive potential 
of 200 volts, while the grid potential is 150 volts positive. Then the grid is effectively 50 volts more 
negative than the cathode of the picture tube. This maximum negative bias reduces beam current and 
brightness to minimum. 

Having followed the action of diagram A in some detail it should be easy to see what must happen in 
diagram 13 of Fig. 50-9, where signal input is to the picture tube cathode. The video amplifier plate and 
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Fig. 50-9 Brightness control circuits where there is direct conductive 
coupling from video amplifier to picture tube. 

the picture tube cathode are connected through resistors Ro and Rd to B 200 volts. There is a drop 
of 50 volts in the two resistors, leaving amplifier plate and picture tube cathodes at 150 volts. 

The picture tube grid is connected to the slider of the control potentiometer. The grid always must be 
less positive, effectively more negative, than the cathode. Then no part of the control potentiometer may 

be more positive than the 150 volts on the picture tube grid. Also, the positive voltage at one end of the 
potentiometer must be less positive by whatever amount is desired for maximum negative grid bias. Re-
sistances and voltage drops in the control line are such as to place the left-hand end of the potentiometer 
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at 150 volts positive or slightly less (to insure a minimum grid bias) and to place the right-hand end at 
100 volts positive. Then we may have negative grid bias, variable from 50 volts negative (150 minus 

100 volts) to zero or a few volts negative. 

Values of voltages shown in Figs. 50-8 and 50-9 have been chosen solely for purposes of explanation, 
to have some definite figures with which to work. % hile these voltages are fairly typical of those actually 
used, they might be varied widely without any change in operating principles of the several circuits. 

D-C RESTORATION 

We have seen what happens to the picture when the contrast control is changed without making a cor-
responding change of brightness control, or have seen what happens when signal voltage is altered without 
changing the picture tube grid bias to suit the new value of signal voltage. It is easy to change the 
brightness control to suit any setting of the contrast control, but there is something else that alters signal 
strength too rapidly for anyone to follow with adjustments of a manually operated brightness control. 

This other thing is rapid variation of illumination at the original scene being televised. The sun may 
shine brightly for a minute and then be obscured. Someone may turn a lamp on, or off. The scene may 
change from outdoors to indoors. There is continual and unpredictable variation of average illumination 

or picture tone. 

What happens to the video signal when average illumination changes from dark to light and back again 
is illustrated by Fig. 50-10. At A is an i-f signal in which picture voltage variations or picture modulation 
stays rather close to the black level. This is an i-f signal for a dark toned picture. 

When the i-f signal is rectified by the video detector it conies from the detector as shown at B. This 
is a direct voltage, it is a pulsating direct voltage in which pulsations are formed by the video signal. 
The maximum value of direct voltage is at the tips of the sync pulses, and the minimum value is at points 
where the nicture is nearest to white. The average value of this direct voltage is about midway between, 
as marked on the diagram. 

()When the d-c video signal, such as exists at the detector output, passes through a coupling and block-
ing capacitor on its way to the picture tube the signal becomes an alternating current or voltage, as at C. 
There is no remaining direct voltage. The average value or zero value of the a-c signal is about midway 

between the positive sync pulse tips and the negative amplitudes corresponding to lightest parts of the 

picture. 

It is common practice to speak of the signal at B as having a d-c component. It is thought of as an a-c 
signal of which part of the voltage is direct. Then the signal shown at C has lost its d-c component. The 
d-c component always is lost when a signal at the detector output passes through any capacitor. 

At D in Fig. 50-10 is represented an i-f signal for a picture of generally light tone. Many of the picture 
voltages come almost to the white level. When this signal is rectified by the video detector it comes out 

as shown at E. Again the signal is a direct voltage. The average value of this direct voltage is consid-
erably less than in the d-c signal for the dark toned picture, as you can see by comparing diagrams E and B. 
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Fig. 50-10. D-c and a-c video signals for dark and light pictures 
as obtained from a carrier of constant strength. 

When the d-c signal for the light toned picture goes through a coupling capacitor anywhere between the 
detector and the picture tube we have on the far side of the capacitor a signal which is an alternating 
current or voltage, as at F. The peak-to-peak voltage or the amplitude of this a-c signal is much greater 
than peak-to-peak voltage of the signal for the dark toned picture. This is apparent upon comparing 
diagrams 1; and C. 

The signal for the dark toned picture has greater d-c component but less a-c amplitude than the signal 
for the light toned picture. Remember these differences, especially that signals for light toned pictures 

have relatively great amplitude. 
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Let's assume now that grid bias of the picture tube is suited to the signal for the dark toned picture at 
C in Fig. 50-10. The result of applying this signal to the picture tube grid is shown at the left in Fig. 50-
11. Reproduction on the brightness scale is satisfactory. The whole picture is rather dark or is down 

rather close to zero beam current, as it should be. Contrast is correct, because all variations of light 
and dark are present in their correct relations to the original signal. 

Supposing now the picture suddenly becomes bright, or, at least, that the signal changes to one repre-

senting a lighter tone, as at F of Fig. 50-10. This signal for a light toned picture is applied to the 
picture tube grid at the right in Fig. 50-11. There has been no change of picture tube grid bias. Repro-
duction is bad. The parts of the signal that still vary the beam current are down too close to zero beam 
current, they are made too dark. Some of the picture variations have disappeared, they would come beyond 
beam current cutoff. 

Bias o 

Dark 
Tone 

Picture 

Bias o 

Picture 

Light 
Tone 

Fig. 50-11. What happens at the picture tube when the picture changes from dark to light. 

What we need at the right in Fig. 50-11 is a less negative grid bias, one that will bring the entire signal 

higher on the characteristic curve. If picture tube grid bias could be made to follow changes of the d-c 

component, as shown at B and C of Fig. 50-10, everything would be all right. Then we should have a 

less negative bias for the light toned picture, just as there is a lesser d-c component for this kind of 
picture. 1 here would be relatively great negative bias for dark toned pictures, just as there is a relatively 
great d-c component for such pictures. 
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The process of varying the picture tube grid bias with every change of picture illumination, or average 
brightness, is called d-c restoration or it may be called d-c reinsertion. This process must be automatic, 
it must be dependent on the signal itself. The changes of bias never could be made rapidly enough or 
with sufficient accuracy with any manually operated control. ll-c restoration must vary the picture tube 
grid bias in a manner that will hold the black level of the signal always at the grid voltage for electron 
beam cutoff. Then the sync pulses will be cut off, but the entire picture will remain on the screen of the 
picture tube. 

The d-c component is lost, and the signal becomes an alternating current or voltage, when passing 
through a capacitor. Consequently, there must be automatic control of picture tube grid bias or there must 
be d-c restoration following the last capacitor which precedes the grid-cathode circuit of the picture tube. 
It is in this grid-cathode circuit that the d-c component must appear. 

Restoration 

Restoration 

Restoration 

Fig. 50-12. Points at which d-c restoration may be applied when the d-c 
component is lost in a coupling capacitor. 
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Fig. 50-13. How the d-c component is maintained when there are direct conductive couplings. 

In diagram A of Fig. 50-12 there is only one capacitor in the signal line between detector and picture 
tube. The d-c component will be present at the detector output, and it will be carried through the video 
amplifier, only to be lost in the capacitor. Then d-c restoration must be carried out in the grid-cathode 
circuit of the picture tube. 

In diagram & there are two capacitors in the signal path, one between detector and video amplifier, and 
the other between amplifier and picture tube. The d-c component will be lost in the capacitor that follows 
the detector. i\ere the component replaced here it would be lost in the capacitor that follows the ampli-
fier. So the d-c component must be restored in the grid-cathode circuit of the picture tube. 

In diagram C there is a capacitor between detector and video amplifier, but none between amplifier and 
picture tube. The d-c component might be restored in the grid circuit of the video amplifier or in the grid-
cathode circuit of the picture tube. If the component is restored in the grid circuit of the video amplifier 
it will not be again lost between amplifier and picture tube, for between these two there is a direct con-
ductive connection. 

In diagram D of Fig. 50-12 there are no capacitors anywhere in the signal path from detector to picture 
tube. The d-c component will be present in the detector output, will pass through the direct conductive 
coupling to the video amplifier grid, and will pass through the similar coupling from amplifier plate to 
picture tube cathode. % ith circuits such as these there is no need for d-c restoration. 
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IÇ3 There is no need for d-c restoration where there are direct conductive couplings because the d-c com-
ponent is not lost. '1'he signal remains a pulsating direct voltage. how this comes about is illustrated 
by Fig. 50-13 where we have signal voltages for a dark toned picture and for one of light tone. At the 
detector output and at the input to the video amplifier these two signals are the same as at B and E of 
Fig. 50-10. They are pulsating direct voltages. 

When the two signals go through the video amplifier they are inverted and made stronger. The added 
strength is not indicated in the diagram, it merely would make all the curves higher than shown. The 
variations which are the video signal now are variations of plate voltage. Plate voltage is a direct volt-
age which is pulsating. It is pulsating or varying with reference to zero or 11-minus potential, which is a 
fixed potential. Consequently, the sync pulse tips and the black levels of bath signals are at the same 
positive plate voltage. If the grid of the picture tube is biased to allow correct reproduction of either 

signal there will be correct reproduction of the other signal. If the black level of one signal is brought 
to the voltage for beam current cutoff the other black level also will be at this cutoff voltage. 

In the following lesson we shall examine a variety of methods which are used to restore the d-c com-
ponent after it has been lost in a coupling capacitor. 
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LESSON NO. 51 

D-C RESTORATION 

Now we are ready to restore to the video signal the d-c component that was left behind when the signal 
came through a coupling capacitor. On the output side of the capacitor we have only the video signal in 
a-c form. To this a- c signal must be added a new d-c component whose value will change in the same man-
ner that the original d-c component is changing with every variation of picture tone. Since we have nothing 
to work with except the a-c video signal it is quite obvious that the value of the new d-c component must 
be changed by some characteristic of the a-c signal that corresponds to changes of the original d-c compo-
nent, or to changes of tone and shading in the picture. 

(*he one characteristic of the a-c video signal that changes with variations of picture tone or shading 
is amplitude. Amplitude of the a-c video signal increases for light toned pictures and decreases for pic-
tures of dark tone. The amplitude always is very nearly inversely proportional to the lost d-c component. 

If we can add a new direct voltage to the a-c video signal, and let amplitude of this signal vary the 
strength of added direct voltage, we shall have restored the d-c component. This is the basic principle of 
d-c restoration systems — to let amplitude or peak-to-peak voltage of the a-c video signal control the 
strength of a direct voltage that is added after the last coupling capacitor that precedes the picture tube. 

The video signal with its new d-c component can be applied to the grid-cathode circuit of the picture 
tube. The added d-c portion or component of the signal can be made to vary the picture tube grid bias 
proportionately to picture illumination or tone, and the black level of the signal will be held at the grid 
voltage required for beam cutoff. 

One of the simplest ways of restoring the d-c component is shown by Fig. 51-1. There is grid leak 
bias on the video amplifier tube that precedes the picture tube. The amplifier signal output is directly 
connected to the picture tube grid. Part of the d-c voltage in the amplifier plate circuit becomes the d-c 
component added to the video signal. 

In our very elementary diagram the grid return circuit for the picture tube includes resistor Ro and the 
portion of the brightness control resistance which is to the left of the slider. If we change the average 
current and average voltage drop in resistor Ro it will change the picture tube grid bias, for average volt-
age drop across Ro is part of the potential difference or part of the biasing voltage between grid and cath-

ode of the picture tube. Current in resistor Ro is plate current for the video amplifier, so changing the 
average plate current will alter the grid bias on the picture tube. 
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1 

Fig. 51-1. D-c restoration from grid-leak bias on video amplifier tube. 

In the grid circuit of the video amplifier tube are the familiar grid resistor kg and grid capacitor Cg as 
always used for obtaining grid-leak bias. It is in capacitor Cg that the original d-c component is lost. 

Let's assume that the a-c signal coming through capacitor Cg changes from that corresponding to a 
dark picture to one corresponding to a lighter tone. Amplitude or peak-to-peak voltage, E, of the signal 
will increase. Whenever there is grid- leak bias an increased voltage of the incoming signal makes the 
bias more negative. We learned all about this action long ago. 

When amplifier grid bias becomes more negativethere is less amplifier plate current, less current in 
resistor Ro, and less voltage drop across this resistor. This lets picture tube grid voltage come closer to 
cathode voltage, we have reduced the voltage between these two elements. Then the grid is less negative 
with reference to the picture tube cathode, which is just what we need for a picture of lighter tone. If the 
signal changes to that for a dark toned picture, the amplifier grid bias will decrease, there will be more 
amplifier plate current, more drop in resistor Ro, and the picture tube grid will be made more negative with 
reference to the cathode — as required for a picture of dark tone. 

Fig. 51-2 is a circuit diagram for a complete video amplifier system in which grid-leak restoration of 
the d-c component occurs in capacitor Cc and resistor Rgon the second amplifier tube. In addition to grid-
leak bias there is cathode-bias on this tube. There are no coupling capacitors in any parts of the signal-

carrying circuits beyond the point of d-c restoration. 

When the a-c video signal passes from video amplifier plate to picture tube grid or cathode through a 
capacitor, the d-c component from the plate load resistor cannot go through the capacitor. There are, how-
ever, several ways in which changes of d-c voltage on the plate load resistor may be transferred into the 

grid-cathode circuit of the picture tube to provide d-c restoration. 

Some of these methods are illustrated by diagrams in Fig. 51-3. The capacitor through which the a-c 
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Fig. 51-2. Amplifier system with d-c restoration in grid circuit of second video amplifier tube. 

BRIGHTNESS 

video signal goes to the picture tube grid or cathode is marked Cc. The load resistor in the plate circuit 
of the video amplifier is marked Ro in all three diagrams. In diagram C there is an additional resistor, 

Rn, in series with the load resistor. 

Resistors Ra and Rb are in series with each other and the two are in parallel with the load resistor or 
resistors. Resistance of the regular plate load units, Ro or Ro and Rn, will be on the order of 5,000 to 
15,000 ohms. Resistances at Ra and Rb are equal to each other, and each one has a value of one to two 
megohms or even more. Practically no plate current will flow in these very high resistances, but across 
them will be the same d-c voltage drop that is across the low-resistance units which they parallel. Half 
of this d-c voltage, the half that appears across Rb, is in the grid-cathode circuit of the picture tube. This 
d-c voltage, which varies with d-c voltage across the plate load resistance, varies the grid bias of the pic-
ture tube to restore the d-c component. 

RESTORATION WITH DIODES. There are a number of systems of d-c restoration with which a diode in 
the grid cathode circuit of the picture tube provides a picture tube grid bias voltage that varies with signal 
strength. The principle is much the same as employed for grid-leak biasing of an amplifier tube, where the 

grid and cathode of the amplifier, acting as a diode, provide a bias voltage that varies with strength of the 
applied a-c signal. 

You will recall that grid-leak biasing for any tube containing a grid and cathode depends on the gridand 
cathode acting like the plate and cathode of a diode. The diode action rectifies part of the a-c signal volt-
age coming to the grid through a capacitor. Rectified positive alternations of the signal charge this ca-
pacitor. Capacitor voltage, corresponding to its charge, becomes a negative bias voltage for the grid. 
The charge leaks slowly away through the grid resistor. Since voltage across this resistor is the same as 
capacitor voltage, it too is the biasing voltage for the tube. 

One general type of diode restoration circuit is shown by Fig. 51-4. The a-c video signal passes from 
video amplifier plate to picture tube grid through capacitor Cc. The a-c or high- frequency circuit is com-
pleted from picture tube cathode through capacitor Ca to ground,and from ground through bypass capacitor 
Cb back to the plate load of the amplifier. 

The conductive grid return circuit or d-c grid circuit is completed from the picture tube grid through re-
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Fig. 51-3. Restoration from parallel resistors across the plate load of the video amplifier. 

sistors Ra and Rb to ground, through ground to one end of the brightness control resistances, and from the 
control slider to the picture tube cathode. Grid bias voltage will be the potential difference across resis-
tors Ra, Rb, the resistor in series with the brightness control, and the portion of the control resistance to 
the left of the slider. Voltage drop across part of the brightness control element and its series resistor 
tends to keep the picture tube grid negative with reference to its cathode. Now we shall see what happens 
to voltage across resistor Rb. 

Resistance at Rb is high, usually a megohm or more, while resistance at Ra is only a few thousand 
ohms. The a-c video signal is applied through Cc and Ra to the diode. Negative peaks of the signal make 
the diode cathode negative with reference to its plate, and there is electron flow through the low internal 
resistance of the diode, as shown by broken-line arrows. This electron flow charges capacitor Cc in the 
polarity as marked, which is positive on the side toward the picture tube grid. 
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Fig. 51-4. Diode restoration with signal input to picture tube grid. 

During opposite alternations of the video signal the diode cathode is made positive with reference to 
its plate. Then the diode is non-conductive, and charge on capacitor Cc can escape only slowly through 
the high resistance of Rb, which is across the diode. The charge and voltage on Cc are thus built up to 
values corresponding to amplitude or peak-to-peak voltage of the video signal. The voltage on the ca-
pacitor exists also across resistors Ra and Rb, which are between the grid and cathode of the picture 
tube. This voltage, like that on the grid side of capacitor Cc, positive at the picture tube grid. 

Positive voltage applied to the picture tube grid from resistors Ra and Rb opposes the negative grid 
voltage from the brightness control. Since this opposing positive voltage is proportional to amplitude of 
the video signal the picture tube grid is made more positive, or actually less negative, by strong signals 
for light toned pictures. For dark toned pictures there is less signal amplitude, less positive voltage 
across resistors Ra and Rb, and the picture tube grid becomes less positive, or really more negative. 
These changes of picture tube grid voltage are just what is needed for d-c restoration. 

We have not interfered in the least with passage of the a-c video signal to the picture tube grid. The 
combined action of the brightness control and restoration system merely holds the picture tube grid at an 
average voltage suited to the tone of the received picture. The a-c signal forms pulsations or variations of 
this average d-c voltage, exactly as in the cases where we had direct conductive connections for the 
signa 1. 

When video signal input is to the cathode of the picture tube, rather than to the grid, it becomes nec-
essary to reverse the connections of diode plate and cathode on the restoration resistor string, as has 
been done in Fig. 51-5. The diode is made conductive, for charging of capacitor Cc, when the diode plate 
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becomes positive with reference to its cathode during positive alternations of the applied a-c signal. Elec-
tron flow through the low internal resistance of the diode then is as shown by broken-line arrows. 

This electron flow in capacitor Cc is in such direction as to make the side toward the picture tube 
cathode of negative polarity, as marked. This negative voltage exists also across resistors Ra and Rb, 
which are in the grid return circuit of the picture tube. The stronger the a-c video signal the greater is 
the charge built up on capacitor Cc and the greater is the negative voltage across resistor Ra and the high 
resistance at Rb. This negative voltage, which is proportional to signal strength, tends to make the pic-
ture tube cathode more negative, or less positive, with reference to the picture tube grid. This, of course, 
is equivalent to making the grid less negative on stronger signals. 

Voltage drop in the brightness control element and its series resistor is in such polarity as to maintain 
the picture tube grid negative with reference to its cathode at all times. The restoration voltage developed 
across resistors Ra and Rb merely alters this negative grid bias in accordance with whether video signals 
are for pictures of light or dark tone. 

In a number of receivers the restoration diode is replaced by a triode, connected as in Fig. 51-6. If you 
consider the cathode and grid of this triode as equivalent to the cathode and plate of the Diode in Fig. 51-4 
it becomes plain that the restoration system is identical in the two systems. The cathodes of both diode 
and triode are connected between resistors Ra and Rb. The plate of the diode goes to ground, and so does 
the grid of the triode. 

cc 

min_ANYvve 

BRIGHTNESS 

Fig. 51-5. Diode restoration with signal input to picture tube cathode. 
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Fig. 51-6. D-e restoration by means of a triode acting also for sync takeoff. 

As capacitor Cc is continually discharging through resistor Rb the electron flow is in such direction 
that the cathode of the triode in Fig. 51-6 is positive with reference to its grid, or the grid of this triode 
is negatively biased. This bias is so far negative, due to high resistance in Rb, that only the sync pulses 
cause conduction from cathode to plate in the triode. The sync pulses, which are negative in the a-c video 
signal, are inverted in the triode and are taken from the triode plate to the grid of an amplifier tube in the 
sync section of the receiver. 

The triode in the grid-cathode circuit of Fig. 51-6 is acting as a diode for d-c restoration and also as a 
triode for takeoff of the sync pulses which eventually will control deflection in the picture tube. A little 
later we shall learn more about sync sections in general. This particular circuit has been mentioned here 
because it is so closely associated with d-c restoration. 

Fig. 51-7shows circuit connections for a system of diode restoration which is quite generally employed, 
often with minor modifications which do not affect the fundamental operating principles. The a-c video 
signal is taken from the plate of the amplifier to the picture tube grid through capacitor Cc. The same sig-
nal, in lesser strength, is taken from the top of plate Ipad resistor Ro through another resistor Pc and 
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through capacitor Cd to the cathode of the restoration diode. Other than this different manner of getting 
the a-c video signal to the restoration diode, this system is much the sanie in action and performance as 
the one illustrated by Fig. 51-4. 

In Fig. 51-7 the a-c video signal applied across the diode and resistor Rb is rectified by the diode when 
signal alternations are negative, to make the cathode of the diode negative with reference to its plate. 
Pulses of rectified current charge capacitor Cd in the polarity marked. The voltage corresponding to ca-
pacitor charge exists also across resistor Rb, which is part of the grid return circuit of the picture tube. 
This positive restoration voltage is applied through resistor Ra to the picture tube grid, in opposition to 
the negative grid voltage maintained by the brightness control. Thus the picture tube grid is made less 
negative for light toned signals, which cause higher charge voltage on Cd, and is made more negative for 
dark toned signals, during which part of the charge and its voltage escape through resistor Rb and the 
ground connections. 

In all of the d-c restoration systems which have been examined the voltage for restoration is developed 
by charging a capacitor, whose charge escapes slowly through one or more resistors. The time constant of 
this capacitor-resistor combination must be long enough to hold the charge and the restoration voltage 
practically constaht during several horizontal line periods, so that average bias of the picture tube grid or 
aqiplifier grid will not be varied by changes of illumination in different parts of the same scene. On the 
other hand, the time constant must be short enough to change whenever there is a change of overall bright-
ness in the scene. 

In various receivers the time constant of d-c restorationmaybe almost anything between 0.025 and 0.100 
second. A constant of 0.050 second often is used, which is somewhat longer than the time period for one 
frame, but less than that for two frames. 

CC 

Fig. 51-7. 0-c restoration with separate capacitor connection to the rectifying diode. 
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Fig. 51-8. Restoration voltage taken from cathode resistor in sync amplifier tube. 

In Fig. 51-6 we looked at a system in which a triode used primarily for d-c restoration acts also as a 
sync takeoff tube. Now, in Fig. 51-8, we shall look at a system in which a pentode which is primarily a 
sync takeoff or amplifier tube actsalso for d-c restoration. The a-c video signal from the plate of the video 
amplifier is applied through capacitor Cc to the cathode of the picture tube. The cathode is connected also 
to the usual type of brightness control. Resistance of something like 100,000 ohms at Rb prevents losing 
the signal through the brightness control connections, and keeps it on the cathode. 

The same a-c video signal is taken from above load resistor Ro in the amplifier plate circuit and is ap-
plied through capacitor Cg to the grid of the sync amplifier. This sync tube is negatively biased by grid-
leak action of capacitor Cg with resistor Rg, also by cathode bias voltage developed in cathode resistor 
Rk. The bias is so strongly negative that only the positive sync pulses cause conduction in the sync 
tube. 

Pulses of current due to sync tip voltage on the grid of the sync amplifier flow through resistor Rk. 
The potential difference across Rk causes charging of capacitor Ck. There is large capacitance at C/c, 
usually between 2 and 10 ml, so that even with resistance of only a few thousand ohms at Rk the time 
constant of this combination is on the order of 0.100 second. 

'Vere there no conduction in the sync amplifier, and neither current nor voltage drop across resistor Rk, 
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the grid of the picture tube would be at ground potential for the reason that the grid is connected to the 
top of Rk. Under such a condition the picture tube grid would have the full negative bias voltage which is 
between the slider of the brightness control and ground. 

`àhen there is conduction in the sync amplifier, and voltage across Rk and Ck, this voltage is of such 
polarity as to make the picture tube grid positive, or, at least, to make it less negative. This becomes 
evident when you consider that electron flow must be upward in Rk, toward the tube cathode, which means 
that the top of Rk is positive with reference to the grounded lower end. 

The stronger the a-c video signal the greater will be the positive voltage of the sync tips on the grid of 
the sync amplifier, and the greater will be current and voltage drop in resistor Rk. Thus the effect of the 
strongersignal is to make the picture tube grid less negative,as is necessary for d-c restoration. A weaker 
video signal, for a picture of darker tone, will allow escape of some charge voltage from capacitor C/c. 
Then the picture tube grid is allowed to remain more negative for the dark toned signal. 

BLACK LEVEL CONTROLS. It was explained earlier that the black level of the video signal is held 
at the picture tube grid voltage necessary for beam cutoff by readjustment of the brightness control when 
there is a change in the setting of the contrast control. This is due to the fact, illustrated at .4 in Fig. 
51-9, that the black level of an a-c video signal changes its position with reference to the average or zero 
voltage when there is a change of signal strength, such as might be caused by varying the contrast con-
trol. The black level comes closer to zero voltage for a dark toned picture than for one of light tone. 

FLACK LEVELS 

f.  

BLACK 
LEVEL --

LIGHT 

DARK 

RECTIFIED PULSES 

DARK L IGHT LIGHT 

LIGHT 

Fig. 51-9. How the black level voltage is affected by picture tone. 
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In systems of d-c restoration employing diodes, triodes, or pentodes wherein rectification or conduction 
charges a capacitor to the restoration voltage, the charge is proportional to voltage or amplitude at the 

tips of the sync pulses. You will see, by looking back through preceding circuit diagrams in this lesson, 
that the sync pulse tips always act on the rectifier cathode when these tips are negative, and on the rec-
tifier plate when the tips are positive. kt /3 are shown the rectified portions of the signal after it has 
passed through the restorer tube. These are the voltage pulses that charge the capacitor on which is 
built up and maintained the restoration voltage. 

Since d-c restoration is intended to compensate for changes of picture brightnessrather than for changes 

in overall strength, it would be desirable to base the restoration voltage on the portion of the signal lying 
between the black level and the peaks representing lightest tone or greatest illumination. This would be 
the portion of the signal shown at C in Fig. 51-9. Systems have been devised by which the sync pulses 
are removed from the portion of the signal coming through the restorer tube. This leaves only the picture 
signal or the black level to determine the value of restoration voltage. Such systems may be called black 
level controls. 

Principles utilized for one type of black level control are illustrated by circuit of Fig. 51-10. At A is 
the a-c video signal which is applied to the picture tube grid and to the cathode of the restorer diode. The 

negative sync pulses on the cathode would make the diode conductive. To the plate of the diode are ap-
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Fig. 51-11. What happens to the electrons and the electron beam in picture tubes. 

plied at the same time a series of negative pulses shown at B. These negative- pulses are taken from the 

sync section of the receiver. At several points in the sync section are negative pulses which originated 
from the sync pulses of the video signal, hence are precisely in time with the sync pulses being applied to 
the cathode of the restorer diode. 

The negative voltage pulses applied to the restorer plate along with negative pulses on its cathode 
leave plate and cathode at practically the same voltage during pulse intervals. The result, shown at C, is 

to remove the sync pulse voltages and leave only the front and back porches, which are at the black level, 
as the most negative portions of the voltage acting for restoration. 

PICTURE TUBE PERFORVANCE. In all our work with gain, contrast, brightness, and d-c restoration 
we have been talking about video signal voltages which ultimately are applied to the grid or cathode of the 
picture tube as a means for controlling the rate of flow in the electron beam. Now it is time to see just 

what happens in the picture tube when video signals and other voltages are applied to the elements. 

may consider the cathode as the primary element in the picture tube, it is the one from which elec-
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c$ trons are emitted. The grid is the first of the control elements, the one that controls the rate at which 
emitted electrons leave the vicinity of the cathode. 

The grid and cathode of the picture tube have much the same relation to each other as the grid and cath-
ode in amplifier tubes, a relation which has made it easy to understand the effects of grid voltage, cathode 
voltage, grid biases, and alternating signal voltages. Beyond the grid in the picture tube are other ele-
ments that act like the plate or the plate and screen of amplifier tubes in pulling electrons from the cath-
ode through the grid, but which are of quite different physical form than plates or screens and which carry 
out their functions in different ways. 

All the functions carried out in picture tubes are illustrated in Fig. 51-11. First, in tubes having either 
magnetic or electrostatic deflection, the electrons are emitted from the cathode because of heat energy. 
Then the rate at which electrons flow away from the cathode is regulated by the control grid or grid number 

1. 

The next step is to accelerate the electrons to much greater velocity than that with which they leave 
the cathode and pass through the control grid. Then the electron stream is focused into a narrow beam 
which will converge to a very small spot on the screen. In the magnetic tube there is acceleration first by 
grid number 2, then there is focusing by means of an electromagnetic coil or a permanent magnet or by a 
combination of both, placed around the outside of the tube neck. In the electrostatic tube there is acceler-
ation and focusing by means of suitable voltages applied to anodes / and 2. 

After acceleration and focusing, the electron beam in the magnetic tube is deflected or swept horizon-
tally and vertically by electromagnetic coils in the deflecting yoke, which is around the outside of the tube 
neck just ahead of the focusing coil or magnet. In the electrostatic tube the focused beam is deflected or 
swept horizontally and vertically by voltages applied to internal deflecting plates between which the elec-
trons are traveling. 

The conductive coating inside the flare of a glans picture tube, or the inner surface of the cme on a 
metal-cone tube, is made of or covered with dull black material, such as various preparations of finely di-
vided graphite. A dull black surface provides minimum reflection of light from the inside of the tube back 
to the screen. Reflection of this nature would lighten the entire screen and would reduce contrast. 

The internal conductive coating of magnetic deflection glass tubes is the anode, to which a high-voltage 
connection is made through a recessed terminal formed as a ball or cap. The anode of metal tubes ià the 
cone, to which a high-voltage connection is made at the rim. The internal conductive coating of glass 
tubes employing electrostatic deflection is electrically a part of the second anode, being connected in-
side the tube to the cylindrical second anode of the electron gun which, in turn, is connected to a base 
pin taking the high-voltage lead. 

When electrons strike the screen or phosphor material at high velocity they knock other electrons out of 

the screen. This action is called secondary emission. There actually is emission of electrons from the 
screen, not because of heat but because of the force of electrons in the beam. The emitted secondary elec-

trons, which are negative, are attracted to the highly positive internal coating or metal cone, and through it 
are returned to the high-voltage circuit that includes the anode. Otherwise the emitted electrons would 
collect inside the non-conductive flare of glass tubes or would fall back onto the screen and accumulate 
there. 
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In a magnetic deflection picture tube there is additional acceleration of beam electrons by the aiode 
voltage. In electrostatic deflection tubes there is additional acceleration by the part of the second inode 
which is the internal conductive coating. 

The process of focusing, and the process of centering the beam or picture on the screen, will be studied 
in a later lesson. Deflection, either magnetic or electrostatic, is the final result of what goes on in the 
sync section and the sweep section of the receiver, so will wait for consideration until after these sections 

140 

120 

100 

Ln 
F-
ce 
co 

80 
-J 

60 

40 

F-

o 

CO 

20 

o 
—60 —50 —40 

CONTROL GRID VOLTS 

>5.1 
—30 

B 

A 

A  

—20 —10 

Fig. 51-12. Relations between screen brightness and controlgrid voltage for two magnetic 
deflection picture tubes. 
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have been examined. Just now we shall look into some of the relations between voltages that accelerate 
the electron beam and which determine to a great extent the brightness of the spot appearing on the screen. 

The curves of Fig. 51-12 show relations between control grid voltage and screen brightness of two dif-
ferent magnetic deflection tubes. These curves have been selected merely as typical examples of what 

happens in a similar way with all types of picture tubes. The full- line curve shows performance of a 17-
inch rectangular picture tube operated with 14,000 volts on its anode, which is midwaybetween the highest 
permissible voltage and the minimum which allows satisfactory performance. Circuit design and operation 
are such that there is complete cutoff of the electron beam when the control grid is made 55 volts negative 
with reference to the cathode. 

The broken- line curve A of Fig. 51-12 applies to a 12-inch round tube operated at 9,000 anode volts, 
the minimum which gives satisfactory performance with this particular tube. Operation is such as to cause 
complete cutoff of the electron beam when the control grid is 45 volts negative. Broken-line curve /3 shows 
performance of this 12-inch tube when its anode is operated at 11,000 volts, which is within 1,000 volts of 
the maximum permissible value for this tube. 

The graph shows brightness foot- lamberts. A foot-lambert is a unit commonly used for measuring 
average brightness of a surface that is emitting or reflecting light. This unit is equivalent to the light 
which would be thrown on a surface by one "international candle" placed one foot from the surface. The 
international candle is a sperm candle 7/8 inch in diameter burning its wax at a certain rate. You may 

gain some idea of the meaning of brightness measured in foot- lamberts from the fact that illumination equiv-
alent to between 10 and 20 foot-lamberts is ample for reading ordinary printed matter, such as books or 
magazines. 

From curves A and /3 of Fig. 51-12 it is evident that increasingthe anode voltage increases the average 

brightness of a picture when control grid voltage remains unchanged, or when there is the same variation of 
grid voltage due to the picture portion of the video signal. Decrease of anode voltage lessens the average 

brightness. Excessive decrease causes poor definition, or loss of detail in pictures. 

Maximum permissible anode voltage for 10-inch and 12-inch magnetic deflection tubes usually is speci-
fied as 12,000 volts. In order that there may be satisfactory brightness and definition these tubes should 
not be operated with less than 8,000 volts on their anodes. All anode voltages are, of course, measured 
with reference to cathode potential, as is the case with all tubes containing cathodes. For most 16-inch 
tubes the maximum anode voltage is 14,000, with a low limit of about 9,000 volts for satisfactory picture 
reproduction. For many 17-inch tubes the maximum is 15,000 to 16,000 volts, with a practical minimum of 

12,000. For 19- to 22-inch tubes the maximum is 19,000 to 20,000 anode volts, with a practical minimum 
as low as 12,000 volts. 

Curve A of Fig. 51-13 shows the relation between anode current and brilliance of the spot formed by the 
electron beam on the picture tube screen. We may take this current as roughly proportional to the rate of 
electron flow reaching the screen. As we should expect, brilliance of the spot and resulting brightness of 
the picture is almost directly proportional to the rate of electron flow. The greater the number of electrons 
reaching any given small area of the screen during some brief fraction of a second, the more intense is 

bombardment of the phosphor material by the electrons and the greater is the atomic activity and resulting 

emission of light. It is voltage on the control grid, as varied by the video signal, that regulates the rate 
of electron flow to the screen and thus varies the brilliance of the spot traveling across the screen. 
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Fig. 51-13. Relations between spot brilliance and anode current ( curve A) and between 
brilliance and anode voltage ( curve B). 

Curve A of Fig. 51-13 shows the effect on brilliance of varying the rate of electron flow in the beam 
when voltage on the picture tube anode remains constant. Curve B shows the effect on brilliance of vary-
ing the anode voltage when the rate of electron flow remains constant. Increase of anode voltage causes a 
nearly proportional increase of spot brilliance. This is because the greater voltage imparts greater veloc-
ity to every electron. The electrons then strike the phosphor material with greater force. Each electron 
then causes greater activity of particles making up the atoms of phosphor material, and there is increased 
emission of light. The curves in this figure do not apply to any particular picture tube, rather they apply 
to any tube containing the type of phosphor used in television picture tubes. 

The chief purpose of grid number 2 in magnetic deflection picture tubes is to improve the focusing, or 
to maintain good focus when there are rather large variations of anode current and variations of spot bril-
liance. 

Maximum values of brightness as shown on the graph of Fig. 51-12 is much greater than maximum aver-
age brightness utilized for picture reproduction. For illustration, assume that you have tuned a receiver to 
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Fig. 51-14. The brightness of a raster seldom exceeds 25 loot-lamberts. 

a channel in which there is no transmission at the moment, andhave turned the brightness control nearly to 
maximum. The effect is as pictured in Fig. 51-14. Average brightness of the screen seldom would be 
much in excess of 25 foot-larnberts. Brilliance along the horizontal trace lines would be greater, for line 
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Fig. 51-15. Determination of contrast ratios and accompanying grid swings. 
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brilliance depends on intensity of light in the spot itself while average brightness would be reduced by 
the relatively dark horizontal spaces between successive lines being traced by the spot. 

If you tune in a picture and make adjustments which allow a good range of shading, good contrast and 
definition, ard enough brightness for viewing in a well lighted room, the average screen brightness may be 

on the order of 12 to 15 foot- lamberts. There is a reduction of average brightness because the picture con-
tains many gray tones and nearly black tones in addition to "highlights" of maximum brightness. 

Those with minimum brightness are merely a very dark gray. They are gray because of light dispersed 
from the electron spot to adjacent areas of the screen, because of some internal reflection, and because 
room light is reaching the screen material and is being reflected back to your eyes. 

The degree of contrast, as it appears to viewers, is the ratio of maximum to minimum apparent bright-
ness in various parts of the screen. The true contrast resulting from changes of intensity or rate of flow 
in the electron beam is the ratio of maximum to minimum brightness as shown along the curves of graphs 
which are being examined. This true contrast always is somewhat greater than visual or apparent contrast. 

The contrast or brightness ratio may be as low as 15 or 20 to 1 and still give acceptable reproduction. 
Ratios increasing up to as much as 50 to 1 gives pictures more pleasing to most people. Fig. 51-15 illus-
trates some contrast ratios and the " swings" or picture variations of video signal voltage which produce 
the contrasts. Between points on the transfer characteristic curve enclosed by bracket 4 the maximum 
brightness is 20 foot- lamberts and the minimum is 2. The contrast ratio is 10 to 1. The minimum bright-
ness results from —38 volts on the control grid, and maximum from —28 volts. This is a 10-volt grid swing, 

or the range of picture variations in the video signal is 10 volts from least to greatest. 

Within bracket R of Fig. 51-15 the maximum brightness is 40 foot- lamberts and the minimum again is 2. 
The contrast ratio has been increased to 20 to 1. The voltage on the control grid now is changing between 

—38 and —22 volts, which is a grid swing of 16 volts. These contrast ratios and the grid swings that pro-
duce them illustrate something well known to experienced technicians — you always can havé a brighter 
picture and better contrast with a strong video signal than with a weak one. True, it is possible to in-
crease brightness and maintain correct contrast by readjustment of controls, but still you are working on 

the original video signal and the stronger this signal the easier it will be to get desired results. 

At C in Fig. 51-15 the maximum brightness is 80 foot- lamberts and the minimum is 4. The contrast ratio 
is 20 to 1, the same as at R. Now the control grid voltage is —36 for minimum brightness and is —11 for 
maximum brightness. The grid swing is 25 volts, as caused by picture variations in the video signal. Al-
though we have not changed the contrast ratio, the picture is of much greater average brightness. This has 

been made possible by the greater grid swing or by the still stronger video signal. 

A grid swing of 25 volts may seem rather small for a bright picture of full contrast. But we must re-
member that picture variations can occupy no more than 60 percent of the signal voltage range from zero to 

the tips of sync pulses. So a picture voltage of 25 requires an overall rectified voltage at the video ampli-
fier output of almost 42 volts. 
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LESSON NO. 52 

THE SYNC SECTION 

The signal which enters the television receiver at the tuner has been followed all the way;  through to 
the grid-cathode circuit of the picture tube. In all the parts and circuits which have been examined only 
three things have been done to the original signal. It has been amplified at many points, all along the 
line. The modulated carrier frequency has been changed to a modulated intermediate frequency. The 
intermediate frequency has been demodulated or "detected" to obtain the composite television signal. 
This composite signal is applied to the picture tube. 

•-) The composite signal at the picture tube is exactly like the modulation envelope of the original carrier. 
The carrier frequency and intermediate frequency have merely been means for transferring the composite 
signal through space and through the i-f amplifiers of the receiver, until this signal is recovered at the 
video detector. The "waveform" of the composite signal at the picture tube is unchanged from that exist-
ing at the antenna and tuner. 

Now we are ready to follow the television signal through the sync section of the receiver. This section, 
as you know, extends from a takeoff point at the video detector or amplifier through to the sweep oscilla-
tors. In this portion of the receiver the entire character of the signal will be altered. The only resem-
blance between voltages or signals at the input and output of the sync section is that the same horizontal 
and vertical sync frequencies are present at both places. 

We shall observe how the waveform of the signal is altered at various points in the sync section with 
the help of an oscilloscope. lhe luminous trace on the screen of an oscilloscope tube shows variations 
of a voltage, just as the trace on the screen of a picture tube shows the outlines of a picture. There is 
no essential difference between the cathode-ray tube of the oscilloscope and an electrostatic deflection 

picture tube in a television receiver. We shall use the oscilloscope in the same way that it would be used 
by a television technician during service operations. 

Many times you have looked at drawings of television signal waveforms similar to the one at the left in 
Fig. 52-1. here are represented two horizontal blanking intervals, the pedestals, the black level, the sync 
pulses, and the picture signal traces between the blanking intervals. On the screen of the oscilloscope 
the same parts of a signal appear as at the right. The irregular faint tracings between the blanking inter-
vals are caused by varying signal voltages that are forming lights and shadows on the picture tube of the 
receiver. Most of these tracings are near the black level, indicating that a picture of generally dark tone 
was being reproduced while making this photograph. 

When the signal is for a picture in which there is movement the picture tracings shown by the oscillo-
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Fig. 52-1. Horizontal sync pulses and blanking as they appear in a drawing and on the oscilloscope screen. 

scope between blanking intervals will weave and shift with every movement of the image. This accounts 
for the cloudy effect in the photograph. If the signal is for a stationary test pattern the tracings in the 
picture space remain stationary. 

You will recall, from descriptions of sync sections in earlier lessons, that tubes in these sections are 

used for a number of purposes which are quite different from anything found in other parts of the television 
receiver or in sound receivers. The functions served by tubes and circuits in the sync section may be 
summarized as follows. 

1. Remove from the composite television signal the picture voltages, leaving only the horizontal and 
vertical sync pulses. This is done by sync separator tubes. 

2. Make these sync pulses of uniform strength, and remove irregularities which might result from noise 
voltages or other interference. Tubes called clippers or limiters do this part of the work. 

3. Separate the horizontal from the vertical pulses, and produce from each kind of pulse a voltage at 
the corresponding horizontal or vertical frequency. This is accomplished by suitable filter circuits, not 
by tubes. 

4. Make the strength of these final output voltages independent of ordinary variations in strength of 
received signals and of changes in setting of the contrast control. The filter circuits perform most of this 
function. 

5. Amplify the signal or the sync pulses wherever it may be necessary for correctly carrying out the 
other functions. This is the work of sync amplifiers. 

6. Invert the signal or the sync pulses in case this is necessary for producing final output voltages of 

whichever polarity, positive or negative, may be required for application to the sweep oscillators. Any 
tube used especially for this purpose is called a sync inverter. 

There is no standardization of names of tubes used for the several purposes. Names mentioned in the 
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Fig. 52-2. Principal circuit connections of the sync section whose performance is to be observed. 
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preceding summary are in general use, but some manufacturers deviate from this practice. For example, 
what we are calling a separator may be called a stripper. Although separate tubes sometimes are used for 
each of the functions, it is more common practice in modern receivers to operate tubes in a way that 
allows handling more than one of the jobs. For instance, a single tube may both separate and amplify, or 
it may amplify and clip, or it may invert while doing almost anything else. Twin diodes and twin triodes 
are in common use. 

To illustrate the changes undergone by signal voltages in passing through a typical sync section we 
shall follow the path that is "mapped" on the diagram of Fig. 52-2. here are shown the signal-carrying 
connections in one particular receiver which uses a magnetic deflection picture tube. The first tube in 
the sync section is a diode used as a separator. It is followed by a sync amplifier, then a limiter, and 
then a clipper tube. Between the clipper and the sweep oscillators, horizontal and vertical, are filter 
circuits. 

To begin with we shall see what happens to the horizontal sync pulses. later we shall follow the 
vertical pulses in similar fashion. The entire composite signal is taken from point A between two re-
sistors that form the plate load for the video amplifier. Since the output of this amplifier is shown as 
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Fig. 52-3. Positive picture voltages and negative sync pulses in the composite signal. 

going to the grid of the picture tube, picture voltages must be positive and sync pulses negative. The 
oscilloscope connected to takeoff point A shows this polarity of the composite signal as in Fig. 52-3. 
Except for inversion of polarity this signal is like the one at the right in Fig. 52-1. 

The composite signal taken from the video amplifier output goes through a capacitor to the cathode of 
the separator diode. This diode is conductive when negative alternations of the composite signal act on 
the cathode. The sync pulses are part of the negative alternations. Then the output from the plate of the 
separator consists of negative voltage pulses. The oscilloscope shows these negative pulses as in 
Fig. 52-4 when the instrument is connected to point B of the diagram, or to the separator plate and sync 
amplifier grid. One-way conductivity in the separator diode has removed most of the positive picture volt-
ages but has preserved the negative voltage pulses whose frequency is the same as that of the horizontal 
sync pulses. These negative pulses form the input voltage for the sync amplifier grid. 

Pulse voltage at point B of Fig. 52-2 is much less than peak-to-peak voltage of the composite signal at 
A. This is because we have lost much of the picture portion of the composite signal, and because there 
are losses in the separator diode and in its circuit connections not shown by the diagram. Peak voltage 
at B, the sync amplifier grid, is only about one-fourth of the peak-to-peak voltage at A. 

Our next step is to increase the pulse voltage by means of the sync amplifier tube. The oscilloscope 
shows pulse voltages at the plate of the sync amplifier, point C on the diagram, as in Fig. 52-5 These 
voltage pulses are actually about six times as strong as at the amplifier grid. To bring the stronger volt-
ages down to a height suitable for viewing and photographing the gain control of the oscilloscope has 
been turned down. 

There is no material change in the waveform of voltage pulses at the amplifier plate and grid. There 
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Fig. 52-4. Horizontal pulses at the separator plate and sync amplifier grid. 

has, however, been an inversion of polarity. Now we have positive pulses at the plate (Fig. 52-5) where-
as the pulses are negative at the grid (Fig. 52-4). 

The positive voltage pulses from the plate of the sync amplifier pass through a coupling and blocking 
capacitor to the grid of the clipper, point D in Fig. 52-2. To the grid of the clipper is connected the plate 
of the diode limiter. Consequently, the plate of this diode is at the negative voltage which is the bias 
voltage for the grid of the clipper tube. The diode limiter will not conduct unless its plate is made more 
positive than its cathode. Then to have conduction in this limiter the peaks of the positive voltage 
pulses (Fig. 52-5) must, exceed the negative voltage which is on the limiter plate. 

Fig. 52-5. Horizontal pulses at the sync amplifier plate. 
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Fig. 52-6. Horizontal pulses at the clipper grid or limiter plate. 

If the peaks of the positive voltage pulses do exceed the negative plate voltage the resulting conduc-
tion through the limiter to ground will carry off the excess pulse voltage. Thus the limiter diode acts to 
limit the maximum positive voltage of the pulses to a value which is equal to the negative bias on the 
clipper grid. Any sudden pulses of high voltage, such as might result from noise or other inter-
ference, are absorbed by the limiter action. A tube used in this general manner sometimes is called a 
noise limiter. 

When the oscilloscope is connected to point D of our circuit diagram, at the grid of the clipper, we have 
the voltage trace pictured by Fig. 52-6. The waveform is much the same as at point C (Fig. 52-5) except 
for some flattening of the pulse tips, this being due to action of the limiter. The actual peak voltage in 
Fig. 52-6 is about one-third of the peak voltage at the plate of the preceding amplifier tube. 

Fig. 52-7. Horizontal pulses applied to the filters from the clipper cathode. 
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If you look back at the diagram of Fig. 52-2 you will see that the clipper tube is operated as a cathode 

follower, with output voltage taken from the cathode rather than from the plate. The connection from the 
clipper to the two filters is taken from the high side of the cathode resistor, at point E. Fig. 52-7 shows 

the voltage waveform at point E, as observed on the oscilloscope. Since there is no inversion of polarity 
between grid and cathode the voltage pulses at the cathode are positive, just as at the grid. There is 
little change of waveform between grid and cathode. A cathode follower provides little if any gain, so 
peek voltage at the cathode output is about the same as at the grid input to this tube. 

The voltage pulses shown by Fig. 52-7 are applied to the two filters, one of which leads to the hori-
zontal sweep oscillator and the other to the vertical sweep oscillator. The design and operation of the 

filters are much the same in nearly all receivers, but there is great variety in the sync circuits leading 
up to the filters, or in the circuits between the sync takeoff and the filters. Therefore, before discussing 
the action of the filters we shall go all the way back to the video amplifier system and examine some 
designs which differ from that of Fig. 52-2. 

"'-SYNC SEPARATORS AND TAKEOFFS. The composite television signal which is delivered to the sync 
section may be taken not only from the output of a video amplifier, but also from any other point at which 
this signal exists. Fig. 52-8 shows one way of taking this signal from the output of the video detector. 
Sync pulses are positive and picture voltages are negative at this takeoff point. The composite signal is 

applied to the plate of a separator diode. The diode plate is negatively biased by the charge built up on 

Detector 
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Video 
Amp. 

Sync 
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Fig. 52-8. Composite signal taken from 
video detector output. 

Fig. 52-9. Composite signal obtained 

from i-f amplifier. 
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capacitor Cb, from which there is slow leakage through resistor lib. The separator conducts on only the 
more positive portions of signal alternations, and in the output from the separator cathode the sync pulses 
are much stronger than remaining picture voltages. This output is applied to the grid of the following 
sync amplifier triode. 

In Fig. 52-9 the composite signal is secured from the output of the last i-f amplifier. The output of this 
i-f amplifier is applied to the plate of the detector diode directly, and is applied through capacitor Ca to 
the plate of the separator diode. The detector and separator are the two sections of a twin diode. The 
cathode of the separator diode is connected to the grid of the sync amplifier shown down below. 

The cathode of the separator diode in Fig. 52-9 is positively biased by action of capacitor Cb and 
resistor lib. You always can determine the polarity of a capacitor-resistor bias system by not,ing the 
direction in which electrons must flow through a resistor to the cathode of the diode or from the plate of 
the diode. This direction always is from the negative end to the positive end of the resistor. This elec-
tron flow through resistor lib in Fig. 52-8 is from the diode plate downward, which means that the plate is 
connected to the negative end of lib, and is negatively biased. In resistor lib of Fig. 52-9 the electron 
flow is upward to the cathode of the separator diode, which means that the cathode is connected to the 
positive end of libe and is positively biased. 

\ If the plate of a diode is negatively biased the positive alternations of a signal applied to the plate 
must be strong enough to exceed the bias voltage before the plate is made positive with reference to the 
cathode and before the diode can conduct. Of course, the same thing could be accomplished by applying 
to the cathode a signal whose negative alternations are stronger than the bias voltage on the plate. This 
would make the cathode so strongly negative that it would be negative with reference to the plate in spite 
of the bias voltage on the plate, and there would be conduction. 

If the cathode of a diode is positively biased the negative alternations of a signal applied to the cath-
ode must be strong enough to overcome the bias before there can be conduction. Or, if positive alter-
nations of a signal applied to the plate are stronger than the positive bias on the cathode the plate will 
be made positive with reference to the cathode, and there will be conduction. Whenever we have a biased 
diode the applied signal must be strong enough to make the plate positive with reference to the cathode, 
or to make the cathode negative with reference to the plate, before there can be conduction through the 
diode. 

Were the biasing voltage on a diode to be almost as great as peak voltage of the applied signal the 
diode would be made conductive only by the tips of the sync pulses; all the rest of the applied signal 
would be cut off. If this biasing voltage were maintained at constant strength while signal strength de-
creased, not even the tips of the sync pulses would cause conduction. The entire signal would be stopped 
and nothing would be passed into the sync section. Were the applied signal to increase in strength, with 
constant biasing voltage, the diode would pass all of the sync pulses and too much of the picture voltages 
for effective separator action. Naturally, both of these effects would be undesirable. 

In order that voltages passed into the sync section always may be the same portion of the composite 
signal (essentially the entire strength of the sync pulses) the bias on the separator diode must vary in 
accordance with signal strength. The bias must increase for stronger signals, and decrease for weaker 
ones. This is accomplished automatically by using capacitor-resistor biasing, which acts just like grid-
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leak biasing. The biasing capacitor, Ch in Figs. 52-8 and 52-9, is charged to a voltage proportional to 
strength of applied signal. This voltage is maintained by slow leakage of the charge through resistor Rb 
in these diagrams. 

Now we shall leave the diode type of sync separator and turn our attention to the manner in which tri-
odes and pentodes are used in taking sync voltages from a composite signal in the output of a video ampli-
fier or video detector. 

Fig. 52-10 shows how the composite television signal taken from the top of the load resistor for a video 
amplifier may be applied to the grid of a triode used as a sync separator. The separator is operated with 
grid-leak bias provided by capacitor Cg  and resistor  Rg. The time constant of this capacitor-resistor com-
bination is such that the biasing voltage on the separator gridwill cause plate current cutoff at or slightly 
above the black level of the applied signal. 

Such biasing and its effect are illustrated by Fig. 52-11. Conduction results only from the sync pulses, 
which are more positive than the black level of the applied signal, and only these pulses appear in the 
output of the separator. In order to have cutoff at the valve of negative biasing voltage obtained from the 
composite signal the separator is operated with moderate plate voltage. The plate voltage may be some-

thing like 30 to 50 volts, or even less, for a tube which could take 150 or more plate volts when used as 
an amplifier. A pentode separator tube may be used in a generally similar circuit. The pentode is oper-
ated with low voltages on both plate and screen. In addition to cutting off the picture voltages of the 
composite signal there may be some amplification of the sync pulses. 
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Fig. 52-11. The triode is biased for plate current cutoff at the black level. 

Quite obviously, the composite signal must be taken from a point where sync pulses are positive and 
picture voltages negative, since the sync pulses must make the separator grid relatively more positive, or 
less negative, than the average bias. It would be desirable to have cutoff right at the black level, but to 
avoid rectifying some of the picture voltage the average cutoff may be somewhat above the black level. 
The more negative the average bias is maintained the smaller will be the fraction of the sync pulses 
appearing in the separator output, and the more amplification will be needed farther along in the sync 
section. The output of the separator in Fig. 52-10 goes to the grid of a following sync amplifier. 

Grid-leak bias is used on the separator in order that the bias voltage and the plate cutoff may remain 
proportional to strength of the composite signal. This type of bias voltage varies directly with changes 
of signal strength, and will maintain cutoff at the same point in relation to the black level, or very nearly 
at the same point. An additional fixed minimum bias sometimes is used, in addition to grid-leak bias. 
The added negative bias may insure cutoff of all picture voltages and may lessen the effects on syn-
chronization of noise voltages which get through to the sync section. Separator tubes nearly always are 
medium-mu triode voltage amplifiers or sharp cutoff pentodes, although semi-remote cutoff pentodes some-
times are found. 

- Instead of applying the composite signal to a separator, and applying the output of the separator to an 
amplifier, as in Fig. 52-10, the first sync tube may be an amplifier and the next one a separator. Then the 
composite signal is strengthened by the amplifier, much as in a video amplifier, and the picture voltages 
then are cut off by a following separator tube. The difference between a separator and an amplifier us-
ually is only in the operating voltages. A separator works with low voltage on the plate or on both plate 

and screen, and with a bias highly negative in proportion to these voltages. An amplifier works with 
normally high plate and screen voltages, and with a bias which does not cause plate current cutoff any-
where on the composite signal waveform when this is the signal applied to the amplifier grid, or does not 
cause cutoff of a sync pulse signal which may be applied to the amplifier grid. 

Sync amplifiers may serve several purposes. First, they provide amplification which is needed to bring 
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Fig. 52-12. Sync pulse voltages taken from a diode restorer tube. 

signals up to necessary strength after the voltages have been reduced by separators or limiters. How 
much total amplification is required depends largely on the point from which the original composite signal 
is taken. If takeoff is from the final video amplifier the signal is strong, and needs little added ampli-
fication. If from a preceding video amplifier, or the output of the video detector, or the output of the last 
i-f stage, the composite signal is relatively weak and more total sync amplification will be needed. 

Since the sync amplifier must have good gain at frequencies as low as those of the vertical sync pulses 
it ordinarily is designed with large grid coupling capacitances and with B-plus plate feed circuits which 
favor the low frequencies. These things were discussed in connection with video amplifiers. There is, 
however, no problem of high-frequency amplification, as with video amplifiers, for we do not wish to 
amplify the picture voltages in the sync section of the receiver. Sync amplifiers are designed and con-
structed much like resistance coupled audio voltage amplifiers. 

So far as is practicable the output from a sync amplifier should remain fairly constant in voltage when 
there are considerable changes of strength in the composite signal. This will help to maintain steady 
synchronization of the sweep oscillators which follow the sweep section. Grid-leak bias automatically 
increases, and lowers the gain, on strong signals, while decreasing and raising the gain on weak signals. 
Consequently, grid-leak bias is much favored for sync amplifiers. 

• 

Now we shall examine still another way of obtaining voltage pulses for use in the sync section. This 
way is through the d-c restorer tube which is used in many receivers. One circuit in quite general use is 
shown by Fig. 52-12. The restorer diode conducts only when its cathode is made negative by negative 
alternations of the composite signal. The negative alternations include the sync pulses. The pulses of 
diode current flow as shown by arrows, downward through resistor lib. This resistor is in the grid circuit 
of the sync amplifier, so negative pulse voltages form the input for this amplifier. 
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Fig. 52-1,3. Sync pulse voltages taken from the plate of a triode restorer. 

Sync takeoff may be from the plate of a restorer used in any of the usual circuits, and regardless of 
whether the restorer is a diode, a triode, or a pentode. Fig. 52-13 shows the sync takeoff connection 
from the plate of a triode restorer. As you will remember, the cathode and grounded grid of the triode are 
used like a diode type of restorer. The triode plate is used only for sync takeoff. The plate is connected 

to the B-supply through resistor Rb, across which are produced sync voltage pulses each time the restorer 

tube conducts. These negative sync pulses are applied to the grid of the sync amplifier. 

Fig. 52-14. Horizontal voltage wavetorm at the plate of a triode restorer. 

Fig. 52-14 is a photograph of the horizontal sync pulse voltages as they appear on the screen of the 
oscilloscope with the instrument connected to the plate of a triode restorer. The voltage goes suddenly 
negative during charging of whatever capacitors are in the plate circuit of the restorer and the grid circuit 
of the sync amplifier. Then the voltage returns more slowly to zero as the capacitors discharge through 
resistors which are in these circuits. The waveform at the grid of the sync amplifier is the sane as at 

A 
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the plate of the restorer. There will be inversion of polarity in the sync amplifier, making the voltage 

pulses positive in the output or plate circuit of this amplifier. 

CLIPPERS AND LIMITERS. In Fig. 52-11 we examined the effect of biasing a triode or pentode in 
such a way as to cut off all the picture voltages from a composite signal, and leave only the sync pulses. 
Thisis the action which we have called sync separation. It also may be called clipping, since the sync 
pulse voltages are clipped from the composite signal. 

When first discussing the functions of tubes shown in Fig. 52-2 it was explained how the limiter diode 
removes excessive positive voltage from sync pulses, or how this diode acts to bring all pulses down to 
approximately a uniform strength. We may think of this limiter diode as leveling the positive tips of the 
voltage pulses, while the clipper triode cuts off the pulses uniformly on the negative sides. 

It is possible to operate a triode in a manner which clips the sync pulse voltages from the composite 
signal and at the same time limits the maximum voltage of pulses at the triode output. This is done by 
using plate current cutoff for the clipping action, and plate current saturation for limiting. Plate current 
cutoff resulting from a strongly negative bias is illustrated by Fig. 52-11. The steady rise of the transfer 
characteristic curve in that figure shows that plate voltage is high enough to cause continued rise of 
plate current with a grid voltage that is made less and less negative. 

If we use a very low plate voltage the transfer characteristic curve will be changed to a form such as 
shown in Fig. 52-15. As grid voltage is made less and less negative there is first an accompanying 
increase of plate current. There is a corresponding increase of voltage drop or voltage loss in the plate 
load resistance, which leaves less and less voltage at the plate of the tube. Soon the voltage at the plate 
becomes so small that no more current will flow even though the grid voltage comes almost to zero. This 
is the action called plate current saturation or plate current limiting. 

W hen the triode tube is operated with a grid-leak bias or a combination of fixed and grid-leak biasing 
which causes cutoff at or near the black level, and is operated with a very low plate voltage at the same 

time, we may have both clipping and limiting in the one tube. In Fig. 52-15 the three sync pulses shown 
as input are of unequal strength. Plate current saturation or limiting brings all three to the same strength 
in the output. The action is not quite so perfect as shown by the diagram, but we do have satisfactory 
clipping on the negative side and have a great deal of limiting action for the positive side of the voltage 

pulses. 

To have limiting action, the plate voltage on a triode, or plate screen voltages on a pentode, may be 
10 volts or even less. Such low voltages cause only small plate currents even when no signals are 
coming to the tube, and when the grid-leak bias is zero or nearly zero. Pulse currents in the output of a 
combination clipper-limiter are rather small. If, however, there is high resistance in the plate load the 
pulse voltages produced across this load may have peak values of 20 to 30 volts or even more. In some 
receivers using a pentode clipper-limiter tube the pulse voltage in the plate circuit approaches 100 volts 
peak-to-peak. 

VERTICAL SYNC PULSES. In Figs. 52-3 to 52-7 we used the oscilloscope to observe horizontal sync 
pulses and resulting voltages as they appeared in circuits all the way from the video amplifier through to 
the input for the filters of a particular sync section. Now we shall use the oscilloscope to look at the 
vertical sync pulses and resulting voltages in the same circuits. 
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Fig. 52-15. Plate current saturation or limiting and plate current cutoff in the same tube. 

First it may be interesting to know how the oscilloscope may be made to show either horiozntal or 
vertical pulses and their effects. In the case of horizontal pulses, we wish to look at something which 
is occuring at the rate of 15,750 times per second. For such an observation the electron beam in the 
cathode-ray tube of the oscilloscope may be swept across its screen from left to right at the same rate, 
15,750 times per second. At the same time the beam is being deflected vertically by changes of the volt-
age which we wish to observe. Then, while the beam is moving across the screen, the luminous trace 
will rise and fall with increases and decreases of observed voltages, as the changes occur during this 
period of time. 

If the oscilloscope beam is swept from left to right only half as 
second, each crosswise travel will take twice as long as before. 
horizontal pulses or their effects. To look at three pulses at one 
screen, we would cause the beam to travel only one-third as fast, or 
from left to right. 

fast, or at the rate of 7,875 times per 
In twice the time we shall see two 
time, crosswise of the oscilloscope 
to take three times as long in moving 
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Fig. 52-16. Sync pulse and equalizing pulse voltages during a vertical blanking interval. 

To observe only one vertical sync pulse or any resulting voltage we must sweep the oscilloscope beam 
from left to right only 60 times per second, because this is the rate at which vertical pulses recur. To 
look at two vertical pulses or their effect, at one time, we would sweep the beam only half as fast, making 
it cross the screen only 30 times per second. In each 1/30 second there are two vertical pulses. Now 
that you know how oscilloscope photographs are made we shall go back to the output of the video ampli-
fier of Fig. 52-2 and see how the vertical pulses appear. 

In Fig. 52-16 we are looking at part of a composite signal in the output of a video amplifier. Sync 
pulses are positive and picture voltages negative, this polarity being chosen because it corresponds to 
that of diagrams with which we have become familiar in many earlier lessons. 

The cloudy effect at the left is caused by picture voltages in approximately the last 70 lines of a field. 
Then the picture space becomes dark during the vertical blanking interval. Toward the right the cloudy 
effect reappears. It is caused by the first 70 odd lines of the next field. 

During the first part of the blanking interval the voltage rises as shown by the short bright space. This 
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Fig. 52-17. Positive picture voltages and a negative vertical sync pulse. 

is the voltage of the horizontal sync pulses and the equalizing pulses that occur ahead of the vertical 
sync pulses. Then comes a much higher voltage, shown by the highest bright space. This is the voltage 
resulting from the serrated vertical sync pulses. Next the voltage drops down and continues along the 
bright space during the remainder of the blanking interval, as a result of the equalizing pulses and hori-
zontal sync pulses which continue until the start of the next field. Here we are looking, in actual fact, 
at things which previously have been seen only as diagrams or drawings. 

You will remember that, in the output of the video amplifier of Fig. 52-2, point "A" the sync pulses 
actually are negative and picture voltages positive. This output polarity is shown by Fig. 52-17. This 
figure, which shows vertical synchronization voltage, is taken from the same point as Fig. 52-3, which 
shows horizontal synchronization voltage. It is evident that the two photographs were not taken with the 
same picture being received, for in one case the picture voltages are close to the black level (a dark toned 

picture) while in the other case the picture voltages extend far from the black level (a light toned picture). 
The time for the vertical blanking interval of Fig. 52-17 is about 1,250 millionths of one second. The 
time for each of the horizontal blanking intervals of Fig. 52-3 is about 11 millionths of one second. 

A 
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Fig. 52-18. A vertical pulse at the sync amplifier plate. 

When watching oscilloscope traces for horizontal synchronization we went next to the grid of the sync 
amplifier, point B of Fig. 52-2. But since input and output waveforms at this amplifier are practically 
alike, except for polarity inversion, we shall skip this point for vertical observations and go to the ampli-
fier output at point C on the circuit diagram. Here we obtain the vertical waveform shown by Fig. 52-18. 
The voltage peak produced by the serrated vertical pulses now is much higher than the voltages produced 
by horizontal and equalizing pulses during other parts of the vertical blanking interval. This vertical 
blanking interval still shows quite distinctly along the lower edge of the waveform. Keep in mind that 
this vertical waveform is taken from the same point as the horizontal waveforms shown by Fig. 52-5. The 
gray tone which shows before and after the vertical blanking interval results from great numbers of the 
horizontal voltage pulses pictured by Fig. 52-5. 

Fig. 52-19. A vertical pulse at the clipper grid or limiter plate. 
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At the clipper grid or limiter plate, point D of Fig. 52-2, we obtain the vertical waveform shown by 
Fig. 52-19. Now we are getting a strong voltage pulse from the serrated vertical pulses of the signal, and 
have relatively little voltage variation due to sync pulses on either side of the vertical pulse. This 
vertical pulse voltage is taken from the same point as the horizontal pulse voltages of Fig. 52,4.. 

Fig. 52-20. A vertical pulse applied to the filters 
from the clipper cathode. 

Fig. 52-21. A vertical pulse at the plate of a 
triode restorer. 

When looking at horizontal pulse voltages we proceeded from the clipper input at its grid to the output 
at its cathode. There was no inversion of polarity and but little change of waveform between these two 
points, as you will see by looking back at Figs. 52-6 and 52-7. When we observe the vertical sync volt-
ages at the same two points there again will be no inversion of polarity and little change of waveform. 
The vertical voltage at the clipper cathode is pictured by Fig. 52-20. It is almost the same as at the 
clipper grid (Fig. 52-19). 

Back in Fig. 52-14 we looked at the voltage waveform appearing at the plate of a triode restorer tube 
used as the point of sync takeoff. The vertical synchronization voltage at the same point is shown by 
the oscilloscope as in Fig. 52-21. This voltage is applied to the grid of the sync amplifier in the diagram 
of Fig. 52-13. The serrated vertical sync pulses of the signal are causing a strong negative voltage 
about half way through the vertical blanking interval. 

We have followed the horizontal and vertical sync pulses and resulting sync voltages by means of os-
cilloscope traces because you will find this method generally used in the service instruction manuals of 
receiver manufacturers. As a rule there will be a series of waveform photographs commencing at the 
point of sync takeoff and continuing all the way through the sync section and the following sweep section 
of the particular receiver covered by the instructions. Usually the horizontal and vertical waveforms 
taken at any one point are shown together, since it is convenient to leave the oscilloscope connection in 
place while changing the sweep rate to show these two waveforms. 

After you become familiar with the mean'tngs of waveforms they form a rapid means for locating troubles 
in the sync and sweep sections of television receivers. Of course, you do not have to use an oscillo-
scope for such trouble shooting. Voltage measurements, resistance measurements, and the appearances 

of pictures or patterns on the picture tube can be used for the same class of work. But, inasmuch as 
oscilloscope traces illustrate in an easily understood way what really is happening, we shall continue to 
look at them as we work on toward the deflection systems for the picture tube. 
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LESSON NO. 53 

THE SWEEP OSCILLATORS 

In the preceding lesson we took a composite television signal from the video section of the receiver, 
put this signal into the sync section, and at the output of the last tube in the sync section obtained volt-
age pulses at the same frequencies as those of the original sync pulses. We ended our observations at 
the input to the filters. Although these filters often are considered to be parts of the sync section, their 
purpose is to change the rather long pulses of sync voltage into sharp peaks of short duration, such as 
are required for timing or synchronizing the sweep oscillators. It is for this reason that we have reserved 
an examination of the filters until we are ready to study the horizontal and vertical sweep oscillators. 

The filter whose output times, or synchronizes, the horizontal sweep oscillator may be called a dif-
ferentiating filter or differentiating network, because it differentiates or distinguishes between the hori-
zontal and vertical pulses. The filter whose output times the vertical sweep oscillator may be called an 
integrating filter or integrating network. Ta integrate means to unite many parts into a whole. The verti-
cal filter unites the effects of all the serrated vertical sync pulses into a single voltage pulse. We shall 
use the names horizontal filter and vertical filter. 

THE HORIZONTAL FILTER. The horizontal filter or differentiating filter consists only of a capacitor 
Cf and resistor Rf connected as shown in Fig. 53-1, between the output of the sync section and circuits 
leading more or less directly to the grid of the horizontal sweep oscillator. The input voltage applied to 
the filter capacitor from the sync section is of approximate square wave form. The output, which appears 
across the filter resistor, consists of sharply peaked positive and negative pips or spikes. 

The output pips from the horizontal filter may be seen by themselves on the oscilloscope only when 
working on one of the relatively few receivers in which the filter connects directly to the oscillator grid. 
In the great majority of sets the oscillator grid is connected also to other circuits whose effects obscure 
the simple waveform which is delivered by the filter. 

The fact that the horizontal filter really does change square waves into positive and negative spikes of 
voltage is illustrated by Fig. 53-2. At the left is an oscilloscope trace of a square wave produced by a 
square-wave signal generator. The frequency was adjusted to 15,750 cycles per second, which is the 
horizontal sync frequency. This square wave was applied to a filter circuit such as shown by Fig. 53-1, 
using a capacitor of 150 mmf and a resistor of 2,200 ohms. These are values quite often used in television 
receiver circuits. The oscilloscope shows the filter output, across the resistor, as pictured at the right. 

The voltage which is forming the square waves first goes suddenly positive, to form the rising leading 
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Fig. 53-1. A horizontal filter and its input and output waveforms. 

edge of these waves. This voltage charges the filter capacitor, as shown by the corresponding positive 
spike of the output voltage. The capacitor charges almost instantaneously through the resistor, as shown 
by the quick drop of the spike voltage. 

This charge of the filter capacitor occurs while the square wave voltage is at its maximum positive 
value, so we have maximum positive input voltage and a charged capacitor. Then the square wave goes 
suddenly back to zero, which is equivalent to a negative change of its voltage. This negative change of 
square wave voltage discharges the capacitor and recharges it in a negative polarity. This is shown by 
the negative spike of output voltage. Again the capacitor charges almost instantaneously, and is ready to 
be discharged and charged all over again by the next positive edge of the square wave voltage. 

During normal operation of the television receiver the input to the horizontal filter consists of hori-
zontal, equalizing, and serrated vertical sync pulses as represented at the top of Fig. 53-3. Resulting 
voltage spikes in the filter output are shown down below. Each time the input pulse voltage rises, at a 
leading edge, there is produced a positive voltage spike in the output. When the input voltage goes back 
to zero, effectively going negative, there is produced a negative voltage spike in the output. 

The horizontal sweep oscillator operates in such manner that it can be timed or "triggered" only by 

Fig. 53-2. A sawtooth wave applied to the input of a horizontal filter causes positive and negative 

voltage spikes at the output. 
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Fig. 53-3. Sync pulses and their effects in the horizontal filter. 

positive voltage spikes from the filter output. Consequently, we may disregard all the negative spikes. 
Furthermore, the horizontal oscillator can be triggered by a positive spike only during certain portions of 
its oscillating cycle, only during periods when it is almost ready to oscillate even without the added 
positive voltage from a spike. Then only the positive voltage spikes that are shown by full lines can be 
effective in timing the oscillator. Shown by broken lines are intervening spikes caused by alternate equal-
izing pulses and by alternate serrations in the vertical pulse, but these have no effect on the horizontal 
oscillator. 

Note that the filter capacitor discharges very quickly because its time constant, in connection with the 
filter resistor, is extremely short. The time constant of the capacitor and resistor used in making the 
traces of Fig. 53-2 is 0.33 microsecond. Time constants for this filter usually are less than one micro-

second. 

THE VERTICAL FILTER. A vertical filter most often is constructed with the parts represented by 
Fig. 53-4. The voltage pulse from the sync section appears first across resistor Ra. This resistor ordin-
arily would be in the cathode circuit or plate circuit of the last tube in the sync section. The voltage 
pulse acts through resistor Rb to charge capacitor Ch. The resulting voltage wave across capacitor Ch 
acts through resistor Rc to charge capacitor Cc. Finally, the voltage which appears across Cc acts 
through Rd to charge capacitor Cd and the voltage developed across capacitor Cd is applied directly or 
through intervening circuits to the grid-cathode circuit of the vertical sweep oscillator. 
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Fig. 53-4. The parts of a vertical filter, and its effect on waveform. 
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Fig. 53-5 shows how the output waveform from the vertical filter is produced. To this filter are applied 
the horizontal, equalizing, and serrated vertical sync pulses, just as they are applied to the horizontal 
filter. But because the filter capacitors and resistors are arranged in a different manner, and because 

they have far longer time constants, the action in the vertical filter is decidedly different than in the 
horizontal filter. At the top of the diagram are shown the various sync pulses that occur before, during, 
and after a vertical blanking interval. Down below is shown the rise and fall of charge voltage on the 
first of the filter capacitors. 

HORI-
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Fig. 53-5. How the synchronizing voltage is built up by the vertical filter. 
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Starting from the left-hand side of the diagram we see that each horizontal pulse of voltage imparts a 
small charge to the capacitor. This charge leaks away through the filter resistors before the next sync 
pulse and the next charge. Each of the equalizing pulses causes a similar action. There is complete 
discharge of the capacitor because the intervals between pulses are long in comparison with the duration 
of the pulses. 

But when we come to the first of the serrated vertical pulses there is a relatively long charging time, 
followed by a very brief discharge. The capacitor discharges only a little betwe en successive charges. 
As a result, the capacitor voltage builds up higher and higher. The vertical sweep oscillator is operated 
in such manner that it is triggered when the capacitor voltage rises to some value such as indicated by 
line E on the diagram. The charge voltage is allowed to rise still higher in order that the oscillator surely 
may be triggered. 

After the last vertical pulse there is a brief period for discharge. Because of the high voltage on the 
capacitor this discharge is rapid. Then follow short charges from each of the following equalizing pulses, 
with relatively long periods for discharge between these pulses. These alternate short charges and long 
discharges bring capacitor voltage to zero during these equalizing and the following horizontal pulses. 
Then, with all remaining horizontal sync pulses, we have the same action as in the beginning, at the left-
hand side of the diagram. The capacitor charges and voltages developed by the horizontal and equalizing 
pulses are nowhere near great enough to trigger the sweep oscillator, so it remains inactive until the next 
series of vertical pulses come along at the end of 1/60 second. 

The added sections of the vertical filter get rid of the irregular changes of voltage and deliver at the 
filter output a smoothly rising and falling voltage which is ideally suited for triggering the sweep oscilla-
tor. What is happening may be seen with the help of the oscilloscope. At A in Fig. 53-6 is pictured the 
oscilloscope trace taken from the filter input, at the top of capacitor Ch in Fig. 53-4. You can plainly see 
the successive charges being put into the first capacitor by current flowing through resistor Rb. This is 
an actual picture of what is shown by the lower part of the diagram in Fig. 53-5. 

Photograph Bof Fig. 53-6 is of the oscilloscope trace taken from the middle of the vertical filter, at the 
top of capacitor Cc in Fig. 53-4. Although it still is possible to distinguish the successive charges and 
discharges, the change of voltage is much smoother. The rapid charges and discharges from horizontal 
and equalizing pulses, which appear along the lower line of the pictures, now have all but disappeared. 
Effects of any high-frequency noise voltages or similar interference would likewise be reduced in going 
through the filter. 

Photograph C of Fig. 53-6 shows the oscilloscope trace taken from the filter output, at the top of capaci-
tor Cd in Fig. 53-4. This is the waveform of voltage that will be used for triggering the vertical oscillator. 
The sharp rise at the beginning is due to the six serrated vertical pulses, whose effects here have been 
integrated into a single steady increase of voltage. The following gradual discharge takes place during 
the time of the equalizing pulses and horizontal sync pulses which follow the vertical pulses. 

The time constant of each filter resistor and the following capacitor usually is on the order of 30 to 50 
microseconds. Resistors usually are of some value between 7,000 and 20,000 ohms, with capacitances 
ranging from 0.002 to 0.006 inf. 
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'BLOCKING OSCILLATORS. Television sweep oscillators may be either of two principal types, one 
called the blocking oscillator and the other called the multivibrator. e shall first examine the action of 
a blocking oscillator, whose basic circuit is shown by Fig. 53-7. This is a familiar circuit in which 
oscillation is maintained by feedback of energy from plate to grid through a transformer having one wind-
ing in series with the plate and the other winding in series with the grid. The oscillating frequency would 
depend on values of inductance and capacitance in plate and grid circuit. It would be the frequency of 

resonance for the inductance and capacitance. 

It will be well to briefly review the action of this oscillator. To begin with, we shall assume that plate 
current is increasing in the tube and through the plate winding of the feedback transformer. This con-
stitutes a change of current in the transformer winding. A changing current induces an emf in a coupled 
winding, which here is the winding in the grid circuit. This second winding is so connected into the grid 

circuit that the induced emf is making the grid more positive. 

As the grid is made more positive it causes further increase of plate current. The continued change of 
plate current in the original direction continues to induce emf in the grid winding, making the grid still 
more positive and causing still more plate current to flow. This action requires an appreciable length of 
time, because the rise of plate current is opposed by counter-emf in the plate winding, just as any change 
of current is opposed by counter-emf in any inductance. As we learned in an early lesson, the rate of 
current increase is at first very rapid, and then slows down. The emf being induced in the grid winding 
rises rapidly at first, and then slows down along with the increase of the inducing plate current. 

Finally, the decreasing rate of rise in induced emf no longer can force enough energy back into the grid 
circuit to overcome losses of energy which are occuring in that circuit. Then the grid goes no further 
positive, and plate current is increased no more. Mien plate current ceases its change there is no further 
induction, since induction results only from a changing current. Then there is no induced emf for the grid, 

and the grid voltage goes back to zero. 

As grid voltage goes from highly positive to zero it is effectively changing in a negative direction. 

m1M• 

Fig. 53-8. Blocking results from a grid capacitor 
and resistor. 

R G 

Fig. 53-7. Basic circuit for a blocking oscillator. 
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This, of course, reduces the plate current. With plate current decreasing it is changing in a direction or 
polarity which is opposite to the original increase. This changing current again induces emf in the grid 
winding, but now this emf is of reversed polarity - it is making the grid more and more negative. 

The grid quickly reaches the negative voltage that causes plate current cutoff. When the plate current 
thus is stopped from flowing there is no further change of this current. With no change of current there is 
no induction, and no eral is applied to the grid. This lets the grid voltage return to zero from the negative 
value that caused cutoff of plate current. 

In returniug from negative to zero the grid voltage is effectively changing in a positive direction. As 
the grid goes less negative or more positive it causes plate current to resume, and to increase. Now we 
have an increasing plate current, and have arrived back at the point where we came in. We have followed 
the action during one cycle of current and voltage changes, or during one cycle of oscillation. These 
cycles now repeat at the natural or resonant frequency of the circuits. 

Our next step will be to introduce the blocking action by means of capacitor  Cg  and resistor hg  which 
have been added to the oscillator grid circuit in Fig. 53-8. As we have just learned, the oscillator grid 
is driven positive during the first oscillating cycle by feedback from the plate. With the grid positive 
there is electron flow from cathode to grid in the tube, and through capacitor Cg and the grid winding back 

through ground to the cathode. Electrons thus added to the side of Cg which is toward the grid make this 
side negative, as marked. The capacitor is charged to a voltage approximately equal to maximum positive 
grid voltage. 

The point is soon reached where the plate current starts leveling off, and less positive voltage is fed 
back to the grid. This change of grid voltage causes a reduction of plate current. t1.e know that decreas-
ing plate current induces through the transformer a negative emf at the grid. This feedback action makes 
the grid go rapidly more negative. The combined effects of negative feedback and negative charge on 
capacitor  Cg drive the grid voltage far more negative than the value for plate current cutoff. The feedback 
emf still further increases the capacitor charge, in a polarity which is negative toward the grid. The os-
cillator now is " blocked". 

Now the strong negative charge on grid capacitor Cg holds the grid negative and keeps the plate current 
cut off. The charge leaks slowly away through grid resistor llg. This allows the grid to become less and 
less negative, until its voltage finally reaches the value at which plate current can resume. Once more 
we have come back to the point of increasing plate current, and the whole performance repeats. 

CD The oscillator no longer can operate at its natural or resonant frequency. There can be only the first 
part of a single cycle, during which the grid goes momentarily positive and then far negative. The next 
cycle cannot begin until enough charge leaks off capacitor Cg, through the grid resistor, to allow resump-
tion of plate current flow. The rate or the frequency at which these single separated cycles may occur 
depends on the time constant of capacitor Cg and resistor Itg, because the time constant determines how 
long it will take for the capacitor to discharge to the point where plate current can resume its flow. 

Obviously, if resistance at fig is adjustable, this adjustment may be used to vary the time constant and 
thus change the rate or frequency of oscillation. Such an adjustable grid resistor forms a hold control, 
about which we shall learn much more a little later on. 
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Fig. 53-9. Changes of grid voltage in the blocking oscillator. 

The oscilloscope shows grid voltage of the blocking oscillator as in Fig. 53-9. Plainly evident are the 
sudden changes of voltage (downward) to a value which is strongly negative. Then the grid voltage rises 
slowly toward zero along the curved part of the trace as the grid capacitor discharges through the grid 
resistor. At the instant in which the oscillator tube becomes conductive, and when plate current starts in 
again, there is a short but sharp upward pulse of positive voltage. This positive voltage is followed in-
stantly by the next drop to maximum negative. This type of oscillator is called a blocking type because 
its action is blocked while the capacitor is discharging, or while the grid voltage is held more negative 

than required for plate current cutoff. 

FORMING A SAIVTOOTH VOLTAGE. To have horizontal deflection of the electron beam in the picture 
tube it is necessary that the beam be moved at a uniform rate of speed from left to right during formation 
of each luminous line, then returned very quickly to the left-hand side of the screen in readiness for 

starting the next line. In a picture tube employing electrostatic deflection this movement of the beam is 
secured by a deflection voltage that increases uniformly in one polarity to shift the beam from left to 
right, and that then decreases or changes in the opposite polarity very rapidly to bring the beam back to 
its starting point. This is a sawtooth voltage. For magnetic deflection we require a sawtooth current, 

which is derived from a sawtooth voltage. 

Vertical deflection is caused similarly by a sawtooth voltage for an electrostatic picture tube or by a 
sawtooth current for a magnetic picture tube. In any case we require, to begin with, a sawtooth voltage 
whose rise and fall is controlled by the horizontal sweep oscillator or the vertical sweep oscillator. The 
sawtooth voltage becomes available when we add to our osci:lator circuit the sawtooth capacitor marked 

Cs in Fig. 53-10. 

In diagram A the oscillator grid is strongly negative and the tube is non-conductive. Electron flow is 
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Fig. 53-10. The sawtooth wave results from charge and discharge of a capacitor. 

from B-minus, or ground, through capa citor Cs and resistor Rs to B-plus. This electron flow charges the 

capacitor in the marked r olarity. In diagram B the grid of the oscillator tube is momentarily positive, and 
the tube is highly conductive for electron flow from cathode to plate. The negative side of capacitor Cs 
is connected to the oscillator cathode through ground, and the positive side of this capacitor is directly 
connected to the oscillator plate. Consequently, the capacitor discharges very rapidly through the tube. 

Diagram C shows the changes of capacitor charge and voltage. The charging and accompanying rise of 
voltage takes place rather slowly. This is because the capacitor is being charged through resistor Rs 
and the rate of charge is determined by the time constant of this capacitor-resistor combination. Dis-
charge is very rapid, because there-is nothing to hinder it except the negligible internal resistance of the 
oscillator tube, whose grid is positive, and the small resistances of the circuit connections and trans-
former plate winding. 

Off we are dealing with a horizontal sweep oscillator the relatively slow rise of capacitor voltage will be 
used to control electron beam deflection from left to right on the picture tube screen, while a luminous 
line is being formed. The rapid fall of capacitor voltage during discharge will control the horizontal re-
trace time. In the case of a vertical sweep oscillator the relatively slow rise of voltage will control down-
ward travel of the electron beam during formation of one field. Then the rapid fall of voltage during ca-
pacitor discharge will control the vertical retrace time. Fig. 53-11 is a picture of a sawtooth voltage wave 
as shown by the oscilloscope connected to the plate of a sweep oscillator. 
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Fig. 53-11. A sawtooth wave as seen on the oscilloscope. 

If charging of the capacitor were not interrupted by the oscillator grid becoming positive, and allowing 
discharge, the voltage on the capacitor would increase to the full voltage of the B-power line. The time 
consumed in reaching this voltage, or any fraction of it before discharge commences, depends on the time 
constant of capacitor Cs and resistor Its. 

llow far the picture tube electron beam is swept vertically or horizontally depends on how high the saw-

tooth voltageirises before • there is discharge of the capacitor and retrace in the picture tube. This is the 
the same as saying that the height or width of the picture is proportional to the maximum voltage during 
charge of the sawtooth capacitor. 

If resistor Rs is adjustable in value it may be used to change the rate of electron flow and the maximum 
voltage reached during charge of the sawtooth capacitor. Since this action will alter the height or width 
of the picture, an adjustable resistor at Its forms one kind of size control, or one kind of height or width 
control. 

SYNCHRONIZING THE SAWTOOTH. We have developed a sweep oscillator which will produce a saw-
tooth deflecting voltage at a frequency controlled by the time constant of a capacitor and resistor in the 
oscillator grid circuit. But what we actually are aiming for is a sawtooth voltage whose frequency is 
controlled by sync pulses of the received signal. These sync pulses, which are part of the original com-
posite signal, have been changed by the sync section of the receiver into sharp spikes or pips of voltage 
occuring at the same frequency as that of the original sync pulses. This voltage now will be used to time 
the action of the sweep oscillator, and thereby to control the frequency of the sawtooth voltage at the 
oscillator output. 

In the circuit diagram of Fig. 53-12 we have opened the grid circuit of the sweep oscillator, on the side 
between the transformer grid winding and ground. This opened side of the oscillator grid circuit is con-
nected to the output of the sync section, so that voltage spikes from the sync section are applied to the 
oscillator grid. 
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The effect of synchronizing voltage on the oscillator grid is shown at the right in Fig. 53-12. Up above 
is represented the voltage wave at the oscillator grid when no synchronizing voltage is being applied. 
The frequency here is that determined by the time constant of the capacitor and resistor in the grid cir-
cuit. It is called the free running frequency of the sweep oscillator. The grid resistor hg is adjusted to 
make the free running frequency just a little slower than the frequency of the sync voltages, which would 
be the horizontal line frequency of 15,750 cycles per second for a horizontal sweep oscillator, or the 
vertical field frequency of 60 cycles per second for a vertical sweep oscillator. 

Each spike of synchronizing voltage now occurs just a little before the oscillator grid would go positive 
at the free sunning frequency. The positive sync voltage drives the grid positive at the sync frequency, 
and the oscillator then goes through a cycle just qs though the positive grid had occured at the free run-
ning frequency. On the next cycle the next sync voltage drives the oscillator grid positive just before the 
cycle would have ended with the free running frequency. Thus the oscillating cycles are forced by the 
sync voltages to take place.at the sync frequency rather than at the free running frequency. 

FREE RUNNING FREQUENCY 

SYNC 
VOLTAGE 

R G 

SYNC I/Ç  
VOLTAGE 

B+ 

SYNCHRONIZED FREQUENCY 

Fig. 53-12. How pulses of synchronizing voltage act to time the oscillator. 
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The adjustable resistor in the oscillator grid circuit is a hold control. As you adjust this hold con-
trol to bring the free running frequency closer and closer to the sync frequency, the picture or pattern on 
the picture tube will lock into synchronization when control of oscillator frequency is taken over by the 

sync voltages. If the free running frequency is made too greatly different from the sync frequency, the 
synchronizing voltages will occur so far down on the curve of grid voltage that they cannot overcome the 
remaining negative voltage on the grid, and there will be no synchronization. 

If no transmitted signal is being received there will be no sync pulses, and no sync voltages will come 
to the grid of the sweep oscillator. Then the oscillator will continue operating at its free running fre-
quency. Any fault in the receiver that prevents received signals from causing sync voltages at the sweep 

oscillator will prevent synchronization of pictures or patterns, but the oscillator will continue to operate 
at its free running frequency. This fact is important in service work, for continued operation of the sweep 
oscillator allows making tests with the oscilloscope and other instruments at and beyond the oscillator 
even when no signals are being received. 

Continued operation of the sweep oscillators when no signal is being received is effective also in pro-
tecting the screen or phosphor in the picture tube. 'â ere there to be no oscillations there would be no 
sawtooth deflecting voltages, and the electron beam in the picture tube would remain stationary. The 
stationary bright spot on the screen soon would burn or destroy the phosphor at this point. So long as the 
sweep oscillators operate there is deflection of the electron beam, and illumination is distributed over the 

picture tube screen, even though there is no synchronization of pictures or patterns. 

DISCHARGE TUBE. Blocking oscillators in some receivers are operated in connection with a discharge 
tube as shown by Fig. 53-13. 'Hie -purpose is to provide a separate tube, or separate section of a twin 
tube, for discharge of the sawtooth capacitor Cs, while allowing the oscillator to control the timing as 

determined by sync pulse frequency. 

In the oscillator and discharge tubes the grids are connected directly together, and so are the cathodes. 

Consequently, changes of grid voltage in the discharge tube are exactly the same as in the oscillator. 
Both grids become positive or negative at the same instants of time, and to the same degree. The dis-
charge tube is conductive while the oscillator is conductive, and is non-conductive while the oscillator is 
non-conductive. 

The sawtooth capacitor Cs charges through resistor Rs in the usual way. But instead of discharging 
through the cathode and plate of the oscillator, this capacitor discharges through the cathode and plate of 
the discharge tube. The charge and discharge, and the corresponding sawtooth voltage at the output, have 
the same waveforms as when using the blocking oscillator alone. 

Some of the reasons for using a separate discharge tube are as follows: It. is possible to use a higher 

B-plus voltage on the discharge tube than on the oscillator. A high B-plus voltage on the discharge tube 
allows obtaining a greater change of voltage in the sawtooth wave, or allows a stronger sawtooth de-

flecting voltage. With a high B-voltage on the oscillator there is a large plate current and large grid cur-
rent while the grid is positive. The large plate current or great changes of plate current must go through 

the plate winding of the feedback transformer, where the current changes induce strong counter-emf's 
which tend to extend the period of positive grid voltage and to extend the time for retrace. Rith capacitor 
discharge through the oscillator, the discharge current must go through the plate winding of the feedback 
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Fig. 53-13. A discharge tube used with a blocking oscillator. 

OUTPUT 

transformer. 'The large and sudden discharge current induces strong counter-emf in the transformer, and 
further slows down the discharge to extend the time of retrace. 

In spite of all the apparently good reasons for using a separate discharge tube it seldom is employed. 
Retrace time and other operating features are entirely satisfactory with a well designed and constructed 
blocking oscillator used alone. Counter-emf's are reduced by using no more inductance than necessary for 
voltage feedback through the transformer. Sawtooth voltages of moderate strength are easily brought up in 
a following sweep amplifier tube. 

OSCILLATOR VOLTAGES AND CURRENTS. In Fig. 53-9 we looked at an oscilloscope trace showing 
changes of voltage at the grid of a blocking oscillator. In explanation of the action there shown it was 
stated that oscillator plate current rises to a high value when the grid goes positive, and drops to zero as 
grid voltage goes down through plate current cutoff. Now we shall look at a trace showing changes of 
plate current. 

The oscilloscope is not designed to give direct indications of changes in current, its traces are pro-
duced only by varying voltage. This is because the input terminals of the oscilloscope are connected to 
or coupled to the grid-cathode circuits of amplifier tubes within the instrument. The outputs of these 
amplifiers are used to deflect the electron beam in the cathode-ray tube of the oscilloscope. The ampli-
fiers are actuated only by voltages or changes of voltage applied to the grids, as is the case with all 
amplifiers. 
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Fig. 53-14. Pules of plate current in the blocking oscillator. 

In spite of this limitation it is possible to observe changes of current by means of the oscilloscope. 
All we need do is connect in series with the circuit whose current is to be observed a non-inductive 
resistor, then observe the changes of voltage across the resistor. In a pure resistance the voltage and 
current are in phase, and voltage changes occur at the same instants and in the same polarities as current 

changes. 

This expedient of employing a series resistor was used in obtaining the trace of Fig. 53-14. The plate 
of a blacking oscillator was disconnected from the plate winding of the feedback transformer, and was 
reconnected through a 100-ohm resistor. This amount of resistance is too small to alter the action in the 
oscillator plate circuit. Then the input terminals of the oscilloscope were connected across the series 
resistor, and the trace photographed. It is clearly evident that, every time the oscillator grid goes instan-

taneously positive, there is an accompanying very brief pulse of plate current. Then the plate current 
falls back to zero until the next positive voltage on the grid. Plate current remains at zero during the 

entire time for discharge of the grid capacitor. 

with the series resistor removed, and the oscillator plate again connected directly to the feedback 
transformer, the oscilloscope was connected to the plate. The trace is pictured by Fig. 53-15. It shows 
changes of voltage at the oscillator plate, not changes of plate current. The voltage here represented is a 
combination of the oscillator plate voltage and the charge-discharge voltage on the sawtooth capacitor. 
Looking back at preceding circuit diagrams you will see that the oscillator plate is directly connected to 
the sawtooth capacitor Cs, so voltage observed at the plate is being taken from both the tube and the 
capacitor. Incidentally, we would obtain the same traces at the plate and at the grid of a discharge tube 

operated from a blocking oscillator. 
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Fig. 53-15. Voltage wave at the plate of the blocking oscillator and at the sawtooth capacitor. 

The steep vertical lines on the voltage trace of Fig. 53-15 show sudden drops of plate and capacitor 

voltage. Plate voltaae drops because of the very large momentary plate current that accompanies the 

positive grid. As you know, plate voltage drops when current rises, because the current causes an i n-

creased drop in plate load resistance. Capacitor voltage drops because the capacitor i s discharging 
through the oscillator or discharge tube. 

me longer upward traces snow plate voltage rising as plate current decreases with the grid coming 

back through zero and going to cutoff voltage. These traces show also that the capacitor has discharged 

and is ready for recharging. The long traces sloping gradually upward toward the right show that the saw-
tooth capacitor is being charged and that its voltage is increasing. This capacitor charging voltagealso 

exists at the tube plate, because capacitor and plate are direct connected. 

Vie have made a rather detailed analysis of what happens in the grid and plate circuits of the blocking 
oscillator, and have shown how these things are pictured by the oscilloscope. The purpose has been not 
only to learn how this important type of oscillator acts, but also to show how any apparently intricate 
electrical actions can be explained by the elementary principles of electricity and electronics. 

You, as a television technician, will use the oscilloscope and other service instruments in diagnosing 
and locating receiver troubles, much as a physician uses X-rays and the indications of many instruments 
in diagnosing human ailments. The doctor is able to draw useful conclusions from instrument indications 
only because he is thoroughly acquainted with the human body and the laws that govern its performance. 
You will be able to draw useful information from service instruments only when you correctly interpret 
their indications. This you can do only by relying on the fundamental laws relating to resistance, in-
ductance, and capacitance, and by understanding how television and radio apparatus is supposed to 
perform. 

THE MULTIVIBRATOR. Sweep oscillators employing the multivibrator, which will be studied in the 
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following lesson, have many features in common with blocking oscillators. At least, the sweep circuits 
utilizing the two kinds of oscillator get their final results in much the same way. In both cases the saw-
tooth output voltage is formed by charging a capacitor through a resistance and discharging it through a 
tube. Voltage pulses from the sync section control the timing of the multivibrator when applied to its grid 
circuit, just as when applied to the grid circuit of the blocking oscillator. 

The most apparent difference between a multivibrator and a blocking oscillator are, first, the two tubes 
or two sections of a twin tube nearly always work together to form a multivibrator. Second, feedback in 
the multivibrator is secured through resistance or capacitance, rather than through the inductive feedback 
used for the blocking oscillator. 

91,1059PPIPPM 

Fig. 53-16. You should be able to identify the voltage shown by this oscilloscope trace. 
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LESSON NO. 54 

MULTIVIBRATOR SWEEP OSCILLATORS 

® The blocking oscillator which we studied in the preceding lesson is used more than all other types 
combined in the vertical sweep sections of television receivers. Now we shall examine the multivibrator 
oscillator, which is found most often in horizontal sweep circuits, although frequently used also in verti-
cal sections. There are many varieties or modifications of the multivibrator, but the one most generally 
employed in television receivers is the cathode coupled type, which may be called the Potter sweep 
circuit. The action of this multivibrator may be explained by considering the complete oscillator circuit 

to include two triodes and their couplings as shown by Fig. 54-1. 

Voltage pulses from the sync section of the receiver are applied to the grid of tube A. In the plate 
circuit of tube e is the sawtooth capacitor Cs and resistor Its through which this capacitor is charged. 
The charge escapes from Cs through tube B when its grid is made positive and the tube becomes conduc-
tive. Note that in the plate circuit of tube j..we have the same parts as in the plate circuit of a blocking 
oscillator or the plate circuit of a discharge tube used with a blocking oscillator. 

For the time being we shall disregard the effect of sync pulses and learn how the multivibrator becomes 
a fre e running oscillator. When B-voltage is applied through resistor Ro a moderate plate current for tube 
A will flow to its cathode through resistor Rk. Resulting voltage drop across Jj becomes a small nega-
tive bias voltage for tube A, whose grid return resistor goes to ground and through ground to the bottom 

of resistor Ilk. Tube A now is normally conductive. _ ..._ 
At the same time there is an electron flow that charges capacitor _C_E through the path marked by arrows 

in diagram 1 of Fig. 54-2. This flow is upward through resistors llk and lig. Because ilg is of many meg-
ohms resistance it carries only a small current, but the effect is to make the top of 14 and the grid of tube 

B go positive with reference to the cathode of this tube. 

With the grid of tube B thus made positive, the internal resistance between cathode and grid becomes 
very small. This low-resistance cathode-to-grid path acts practically as a short circuit around the high 
resistance of Rg, and from cathode to grid flows a large current that charges capacitor Cg  almost  in-

stantly. 

The heavy pulse of current that charges capacitor Ciflows through resistor Ilk. Since the top of Elk is 
connected to the cathode of A, while its lower end is connected through ground to the grid of this tube, 
the voltage drop across Ilk acts as a strongly negative pulse of voltage on the grid of tube A. 

The reduction of plate current that accompanies the negative voltage pulse on the grid of A normally 

would allow a considerable increase of voltage at the plate of this tube, because of less voltage drop in 

resistor Ro. 
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Fig. 54-1. Circuit connections for a cainode coupled multivibrator. 

During the brief time of the charging pulse for capacitor Cg, we have on tube A a strongly negative 
pulse of grid voltage. Naturally, the result is to drive A to plate current cutoff. The total effect of 
charging of capacitor Cg has been to make tube A non conductive and tube B conductive. These condi-
tions last only until completion of the charge into capacitor Cg. 

As soon as capacitor Cg is fully charged, or is charged to the value of applied voltage, we no longer 
have the electron flow shown at 1 in Fig. 54-2. There is no longer any upward flow of electrons through 
resistor Rg, and there is no potential difference across this resistor. The grid of B goes momentarily 
through zero voltage with reference to its cathode, and the plate current is reduced considerably. This 
decrease of plate current reduces the voltage drop across resistor 11k and thus the grid bias of tube A. 
Tube A now is again subjected to normal cathode bias voltage from resistor Rk, and consequently, returns 
to a state of normal conduction. The conduction of tube A immediately commences a discharge of capaci-
tor g& through the path shown by diagram 2 of Fig. 54-2. Electron flow for discharge goes downward 
through resistor 1.1& to the cathode of tube A, thence from cathode to plate in this tube (which is con-
ductive as explained) and back to the positive side of the capacitor. 

The electron flow for discharge of capacitor Ç immediately makes the top of and the grid of B 
negative with reference to the cathode of this tube. Then there can be no electron flow through the tube 
and all the remaining discharge from the capacitor must go through the high resistance of Rg. The period 
during which this discharge lasts depends almost entirely on the time constant of Le, and Itg, since in-
ternal resistance of tube A in the discharge path is much less than the several megohms of resistance in 
Rg. 

The negative voltage maintained at the grid of tube B during the relatively slow discharge of Cg  holds 
this tube at plate current cutoff. It is during this period of non-conduction in B that the sawtooth capaci-
tor takes its charge. — 
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Fig. 54-2. Electrons flows during charge and discharge of the coupling capacitor. 

When capacitor _ç_g completes its discharge there is no longer any electron flow downward through 
resistor Rg, and grid voltage at B returns to zero. This change of grid voltage allows B to once more 
become conductive and there is immediate repetition of the action shown by diagram 1. While B in con-
ductive, as indicated in that diagram, there is discharge of the sawtooth capacitor through the cathode-to-

plate path within this tube. 

4%„ 
--1,harge and discharge of capacitor Cg have made tube B briefly conductive, then non-conductive for a 
much longer time. The sawtooth capacitor connected to the plate circuit of this tube discharges during 
the period of conduction, and the rapidly falling sawtooth voltage controls retrace of the electron beam in 
the picture tube. During the longer non-conductive interval for tube B the sawtooth capacitor gradually 
takes a new charge, during which the sawtooth voltage increases to control movement of the picture tube 
beam during either a horizontal luminous line or the downward travel of the beam during a field, depending 
on whether the sweep oscillator is in a horizontal or a vertical deflection system. 

Changes of voltage at the plate of tube A are shown by the oscilloscope trace at the left in Fig. 54-3.. 

Each positive (upward) peak occurs while capacitor Cg is charging. During this charge there is plate 
current cutoff in A which accounts for the highly positive plate voltage. When the charge is complete the 
plate voltage gradually drops, while plate current increases, and then the voltage rises upon approaching 

the next peak. 

At the right of Fig. 54-3 is a trace showing changes of plate current in tube A. Here we see current 
dropping to the cutoff point during charge of capacitor Cg, then a sharp increase followed by a more grad-

ual rise upon approaching the next cutoff. 

Because the grid of tube B and the, plate of tube A are connected together through capacitor Cg, the 
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itll àtl Ilrd 1 
Fig. 54-3. Plate voltage (left) and plate current (right) of the first tube in the cathode coupled multivibrator 

capacitor acts like a coupling capacitor in any resistance-capacitance coupled amplifier stage, trans-
ferring a voltage or signal from the plate of one tube to the grid of another. 

Fig. 54-4 is an oscilloscope trace showing changes of plate current in tube B. There is a sudden 
increase of current as the sawtooth capacitor discharges through this tube. Then plate current falls to 
zero and remains there while capacitor .ç_g_ is discharging. During this period of zero plate current or plate 
current cutoff the sawtooth capacitor is being recharged from the B-supply. 

1‘itli the oscilloscope connected across resistor HI, or connected between the tube cathodes and ground, 
we obtain the trace of Fig. 54-5. This trace is almost the same as that for plate current in tube B, since 
by far the greatest of all currents in the cathode resistor is that from discharge of the sawtooth capacitor. 
This trace taken from the cathode resistor shows changes of both current and voltage, because in a re-
sistance the voltage and current are in phase. 

At the top of resistor lik the voltage of the pulse is positive, and at the lower end it is negative. Since 
the grid of tube A connects through ground to the lower end of Ilk, we have strong pulses of negative 
polarity at the grid of this tube. These negative voltage pulses which result from discharge of the saw-

Fig. 54-4. Plate current in the second or discharge tube of the cathode coupled multivibrat.e. 
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Fig. 54-5. Waveform of voltage and current in the cathode resistor of the multivibrator. 

tooth capacitor add to the strength of negative pulses resulting from charge of capacitor Cg, and the grid 
of A is driven still farther beyond plate current cutoff. 

Now we shall look at changes of voltage (not current) that occur at the plate of tube B, as shown by the 
oscilloscope trace of Fig. 54-6. This voltage is entirely unlike the change of plate current shown by 
Fig. 54-4. here we have not only the voltage change that accompanies change of plate current, but also 
the voltage resulting from charge and discharge of the sawtooth capacitor which is connected directly to 
the tube plate. 

Fig. 54-6. Voltage at the plate of the discharge tube and at the plate side of the sawtooth capacitor in the 
multivibrator circuit. 
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Fig. 54-7. Circuits of the cathode coppled multivibrator often are shown like this in service diagrams. 

The sudden drops of voltage at plate and sawtooth capacitor occur while this capacitor is discharging 
through tube B while its grid is positive. The entire voltage wave is practically the same as the one ob-
served at the tube plate and sawtooth capacitor for the blocking oscillator. The relatively slow rise of 
voltage following the sudden drop indicates that the sawtooth capacitor is being charged through resistor 
Rs of Fig. 54-1, and is getting ready for the next discharge and sudden drop of voltage. 

The circuit connections for a cathode coupled multivibrator sweep oscillator often are shown by dia-
grams generally similar to that of Fig. 54-7. Diagrams in manufacturers' service manuals often carry 
drawings of correct forms of oscilloscope traces obtained from various points, just as they are shown on 
this circuit diagram. 

Electrical connections in Fig. 54-7 are the same as in Figs. 54-1 and 54-2, and parts are identified by 
the same letters. The two tubes usually are the two sections of a twin triode. The maximum voltage to 
which the sawtooth capacitor may charge between instants of discharge is varied by making resistor Rs 
adjustable. Since this maximum voltage determines the extent of horizontal or vertical deflections of the 
picture tube beam the adjustable resistor is called a size control. For a horizontal sweep oscillator it 

might be called a width control, and for a vertical sweep oscillator it might be called a height control. 

The length of periods during which tube B is held non-conductive by negative voltage at the top of 
resistor depends on the time constant of  hg and capacitor Ç. Varying the resistance at IlEalters this 
time constant, changes the rate at which tube B allows charge and discharge of the sawtooth capacitor. 
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.à• and accordingly varies the free running frequency of the oscillator. Resistance at LtE is made adjustable, 
and is used as a hold control. The hold control is set to make the free running frequency of the oscillator 
just a little slower than the frequency of sync pulses which are to time the operation of this oscillator. 
Then the sync pulses bring the oscillator into synchronization with the received signal, just as when 
using a blocking oscillator. 

The start of each cycle of oscillation in the multivibrator occurs when the grid of tube B is made 

positive and when the sawtooth capacitor discharges through this tube. The grid of tube B goes positive 
at the same instant in which the grid of A goes negative, as we learned when examining the action of the 
multivibrator. In order that voltage pulses from the sync section may act to time the oscillations these 
pulses must be negative when applied to the grid of tube A. Then these sync pulses have exactly the 
same effect as negative pulses produced at the grid of A by charging of capacitor Lg., and they cause the 
grid of B to go positive because of polarity inversion between grid and plate of A. The negative sync 
pulses arrive at the grid of A just before there would be cutoff in this tube at the free running frequency. 

Sync pulse voltages from the sync section sometimes are applied to the top or at some point between 
top and bottom of cathode resistor Rk instead of to the grid of tube A. Then the synchronizing voltages 
must be positive instead of negative. This is because, as shown by Fig. 54-5, the pulses of cathode 
current and voltage that help in driving tube Ato cutoff are positive at the cathode resistor. In order that 
voltage pulses from the sync section when applied to the cathode, may have the same effect as feedback 
voltage pulses at the cathode, these sync voltages must be positive. Positive sync voltages at the cath-
ode, of tube A have exactly the same effect as negative pulses at the grid. 

Qe.) In the multivibrator which we have examined the sudden changes of voltage during the retrace portion 
of the sawtooth wave cause pulses of current and voltage in the cathode resistor. From this resistor the 
voltage pulses go to the grid of the first tube. Thus there is an effective feedback by way of the cathode 

circuit, and we have a cathode coupled multivibrator. 

CAPACITOR COUPLED MULTIVIBRATOR. The first modification of the multivibrator to be studied is 
shown by Fig. 54-8. The feedback from output to the grid of the first tube is through a capacitor rather 
than through a cathode resistor. In explaining this circuit we shall assume, to begin with, that negative 
voltage pulses from the sync section are being applied to the grid of tube A. Later we shall see how the 

multivibrator would be free running in the absence of sync pulses. 

The negative sync pulses at the grid of A cause positive voltage pulses at the plate, because of the 
ever present inversion of polarity betwèen a control grid and a plate. These positive pulses act through 
capacitor çg. to make the grid of tube B momentarily positive. While the grid is positive there is a large 
electron flow from ground or I3-minus to the cathode of B thence to the positive grid, into the side of 

capacitor .çj. that is connected to the grid, and out of the other side of this capacitor to the positive or 
plate side of the circuit. Capacitor thus receives a strong charge in the polarity marked on the dia-

gram, negative toward the grid of tube B. 

Part of the charge current for capacitor CI must flow upward through resistor II" placing a positive 
voltage on the grid of tube B increasing plate current and decreasing the plate voltage. This decrease 
of voltage discharges capacitor Ca through resistor Ra, biasing and holding tube A at plate current cut-off 

for the "Rc" time of capacitor Ca and resistor Ra. The point is soon reached when capacitor Ca is dis-
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Fig. 54-8. Circuit connections and waveforms of the capacitor coupled multivibrator. 
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charged, and no voltage developed across resistor lia. Tube A control grid voltage momentarily goes 
through zero, and begins conduction. Conduction of tube A begins a discharge of capacitor Cg down 
through resistor Ikand driving the grid of tube B far negative. Capacitor _gg discharging through the high 
resistance of the hold control 11g places a negative voltage on the control grid of tube 13. As discharge 
decreases, there is a slow return of grid voltage to its zero value. 

Sawtooth capacitor Cs charges through resistance at Rs or the size control while the negative voltage 
on the grid of B holds this tube non-conductive. The sawtooth capacitor discharges through B in the 
usual manner, while the grid of this tube is momentarily positive. 

There is plate current in B only during the positive voltage pulses on its grid. This current is shown 
by the oscilloscope trace of Fig. 54-4. These sudden increases of plate current flow through resistor Bs, 
or the size control resistance, and cause equally sudden and brief increases of voltage drops across this 
resistance. Each increase of voltage drop across resistance Rs must be accompanied by an approximately 
equal decrease of voltage at the plate of B. So we have negative pulses of voltage at the plate of B. 

The negative pulses of voltage at the plate of 13 act through feedback capacitor Ca to make the grid of 
A momentarily negative. That is, the negative pulses of voltage at the plate of B cause negative pulses 
on the far side of capacitor Ca in the same manner that positive pulses at the plate of A are causing 
positive pulses on the far side of capacitor Cg. 
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The negative voltage pulses appear across resistor Ra and thus are applied to the grid of Tube A. The 
time constant of Ca and Ila is only about 1/50 as long as that of Ç.g. and _as: Therefore, the negative 
feedback pulses at the grid of A last for only very brief periods. In fact, they are almost equivalent in 
duration to the negative pulses that come from the sync section. 

Now we have at the grid of A a continuing series of negative feedback pulses which are just as éf-
fective as the negative sync pulses in initiating each cycle of oscillation. Were no signal being received, 
or if sync pulses were to cease for any other reason, the oscillator would continue to operate at a free 
running frequency because of the continuing feedback pulses. 

The free running frequency is determined by the discharge time constant of capacitor Cg and the hold 
control resistance at  Ilg. This frequency is adjusted by means of the hold control to be just a little slower 

than the sync frequency. Then each sync pulse comes to the grid of A just before a feedback pulse would 
have arrived to start a cycle, and the oscillator is pulled into time with the sync pulses. 

MULTIVIBRATOR WIT!! OUTPUT AMPLIFIER. In the next modification of the multivibrator to be 
examined the second tube is used not only as a portion of the oscillating system but also as an amplifier 
for the sawtooth voltage wave. The output of the second tube then is applied through an impedance match-
ing transformer to the deflection coils for a magnetic-deflection type of picture tube. 

A circuit of this general type is shown by Fig. 54-9. Note that the sawtooth capacitor Cs and the size 
control resistance Rs through which this capacitor is charged are in the plate circuit of tube A, rather 

than in the plate circuit of tube B as in the other multivibrators. Plate voltage of A is only about 15 volts 
positive, due to the large drop from I3-plus through several megohms of resistance at Rs. 

CA 

R K 
HOL D 

CONTROL 

SIZE 
CONTROL 

B + 

Fig. 54-9. Multivibrator circuit in which the second tube is an output amplifier. 
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Fig. 54-10. Voltage at the first plate and at the sawtooth capacitor. 

The grid of tube B is directly connected to the plate of A making the grid of B about 15 volts positive 
with reference to ground. There is, however, a negative bias on the grid of B due to action of its cathode 
resistor. In the cathode resistor the voltage drop normally is 20 to 25 volts. The difference between this 
drop and the plate voltage from A becomes negative bias for B. In some receivers there is a blocking and 
coupling capacitor between the plate of A and the grid of B, with the return circuit for the grid of B 
through a resistor to ground. 

There is feedback from the plate of B to the grid of A through capacitor Ca and resistor Ra in series 
with each other. The plate of B connects also to the primary winding of the output transformer, whose 
secondary goes to the deflection coils. The hold control resistance Rk, which varies the free running 
frequency, here is an adjustable cathode resistance on tube A rather than a grid resistor as in the other 
multivibrators. The hold control resistance is paralleled by capacitor Ck. 

Fig. 54-11. Voltage at the plate of the output amplifier section of the multivibrator. 
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In explaining the action of this multivibrator we shall assume that capacitor Cs has been charged 
through resistance at Bs and that a positive sync pulse is applied to the grid of A. This tube is thus 

made conductive, and capacitor Cs discharges through the tube almost instantaneously. The pulse of 
discharge current through the cathode-plate path in A is like the current pulse shown by Fig. 54-4. 

Fig. 54-10 is an oscilloscope trace taken at the plate of tube A. Here we have both the plate voltage 

and the voltage of charge and discharge for the sawtooth capacitor. As we should expect, this waveform 
for capacitor Cs is a sawtooth voltage suitable for control of beam deflection in a picture tube. The saw-
tooth voltage is applied to the grid of tube 13, which amplifies and inverts the wave. The output from B 

is fed to the primary of the output transformer. 

Voltage at the plate of 13 is shown by the oscilloscope trace of Fig. 54-11. This voltage will result in 
a sawtooth current in the transformer secondary and the deflection coils. It appears in the trace that the 

sawtooth voltage is of Lhe wrong polarity for deflection, with sudden rises and gradual drops rather than 

the reverse. This causes no difficulty, because the current wave (or a voltage wave) from the secondary 
of the transformer can be applied to the deflection coils in either polarity. Reversal of polarity requires 

only a reversal of the connections of the two ends of the transformer secondary into its circuit. 

The voltage wave at the plate of 13 is applied to the feedback capacitor and resistor Ca and Ra. After 

passing through these two units the voltage goes to resistor Rg  and thus the grid of A. The time constant 
of capacitance and resistance in this path is only about 1/5000 second. Capacitor Ca is suddenly charged 

by the part of the wave in Fig. 54-10 that rises steeply to maximum positive. Then, due to the short time 

constant mentioned, capacitor Ca discharges very quickly. 

The positive voltage pulse at the grid of A, resulting from charge of capacitor Ca, is shown by Fig. 54-

12. Here we have the positive voltage which, when applied to the grid of A, was assumed to start the 

performance by allowing discharge of the sawtooth capacitor through A. The events explained will repeat 
over and over again, once for each oscillation cycle. 

Now to examine the manner in which the hold control varies the intervals between discharges of the 
sawtooth capacitor, and varies the free running frequency of this multivibrator. 

Fig. 54-12. Pulses of positive voltage at the grid of the first section in the combination multivibrator and 

output amplifier. 
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Fig. 54-13. Voltage at the cathode of the first section of the combination multivibrator. 

Fig. 54-13 is a trace of the voltage at the cathode of A, at the top of resistor Ilk and capacitor Ck. 
The sharp rises of voltage in positive polarity result from pulses of plate current, which is current from 
discharge of the sawtooth capacitor. The voltage developed across Ilk is applied across capacitor Ck, 
and charges Ck. When a current pulse ends, capacitor Ck discharges at a relatively slow rate through the 

resistance of Ilk. These decreases of capacitor and resistor voltages are shown by the long downward 
slopes on the oscilloscope trace. The greater the resistance in hold control resistor Ilk the longer will be 
the time constant of Ck and Ilk, and the longer it will take Ck to discharge. — 

liesistor Ilk acts like a cathode bias resistor, because the grid of tube Ais connected through resistor 

Itg and ground to the bottom of Ilk. Every positive change of voltage at the top of Ilk, ancl the tube cath-

ode, is equivalent to a negative change at the bottom of Ilk and the grid. These negative changes of grid 
voltage drive A to cutoff and hold it there, temporarily preventing discharge of the sawtooth capacitor 
through this tube. 

(5 The longer it takes capacitor Ck to discharge through the cathode resistor, the longer will be the inter-
vals between returns of tube A to a condition near enough conduction that a moderate positive voltage 

pulse at the grid will allow discharge of the sawtooth capacitor. These longer intervals mean a lower free 

running frequency. Therefore, increasing the hold control resistance to increase the time constant of Ck 
and Ilk will lower the free running frequency. Conversely, less hold control resistance will increase the 
free running frequency, because then capacitor Ck can discharge more quickly. 

The sawtooth capacitor can discharge only when the grid of tube A is made positive and the tube con-
ducts. Voltage pulses from the sync section applied to the grid of A may be of only positive polarity or 

they may consist of both positive and negative spikes. In a double polarity sync pulse only the positive 
spikes or pips will be effective in synchroniiing this oscillator. 

If it is desired to synchronize the oscillator by means of negative sync voltages these voltages are 
applied not at the grid of tube A but at or near the top of the cathode resistor or hold control. As you 
know, negative pulses at a cathode have the same effect as positive pulses at a grid of the same tube. 
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A3 with all sweep oscillators, the hold control is used to adjust the free running frequency to a rate 
just a little slower or lower than the sync frequency of the received signal. Then the pulses of voltage 
from the sync section trigger the oscillator just before it would operate at the free running frequency. In 
this way the discharges of the sawtooth capacitor are forced to occur in time with the sync pulses of the 

received signal. 

Fig. 54-14 illustrates the action of positive voltage pulses coming from the sync section to the grid of 
tube A in the multivibrator. While examining these diagrams we must keep in mind that changes of volt-
age at the grid of the tube result from a combination of three voltages. First, we have the grid voltage or 
the varying bias due to the cathode resistor or hold control lik. Second, there are the feedback pulses 
coming through capacitor Ca and resistor lia from the plate of tube B. Third, there are the sync pulse 

voltages from the sync section. 

Diagram 1 shows the combination of hold control voltage, practically a sawtooth wave, and a feedback 
pulse. Here the timing is that of the free running frequency as determined by the hold control adjustment. 

Diagram 2 represents a voltage pulse coming from the sync section just a little before there would be dis-
charge of the sawtooth capacitor with conditions as in the first diagram. As shown by diagram 3 the 
positive sync pulse more than overcomes the remaining negative voltage of the hold control, the grid is 
driven positive, and there is discharge of the sawtooth capacitor. The time of the cycle at 3 is less than 
at showing that oscillation frequency has been speeded up by the sync pulse, and brought into synchro-

nization with the received signal. 

r FEEDBACK 
C) CUTOFF 

CUTOFF 

0 CUTOFF — — — — 

FEEDBACK) 

SYNC 

FEEDBACK 

Fig. 54-14. how pulses of positive sync voltage act on the grid of the first section of the rialtivibrator. 
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Diagram 4 of Fig. 54-14 shows what happens when the hold control is adjusted for an excessively long 
free running frequency. hie positive sync pulse arrives at the same time as befbre, but now the negative 
grid voltage due to the hold control is still so far below that of cutoff that the sync pulse cannot overcome 
it. 'I'he sync pulse cannot bring the grid out of cutoff and, of course, cannot make the grid positive. Then 
there is no synchronization with the received signal, and the oscillator continues to operate at the free 
running frequency. 

Diagram 5 shows what happens when the hold control is adjusted for an excessively short free running 
period. Again the sync pulses arrive at the same time as in other diagrams. But now the oscillator 
already has tripped from its own feedback pulse, and grid voltage is far below cutoff. Naturally, the sync 
pulse cannot overcome this highly negative grid voltage, and there is no synchronization with the received 
signal. 

This relation between free running frequency and sync pulses is generally true with any type of sweep 
oscillator. The diagrams of Fig. 54-14 might represent grid voltage from a grid resistor type of hold control, 

as used on other multivibrators and on blocking oscillators. By means of the hold control, the free running 
frequency must be brought reasonably close to and a little slower than the sync frequency in order that 
pulses of sync voltage may lock the oscillator into time with the received signal. 

From Fig. 54-14 it is apparent that negative sync pulses occuring at any time in the cycle would have 
no effect. They merely would make the grid of the tube still more negative, and cutoff would be main-
tained. This is why sync voltages which go both positive and negative are entirely satisfactory for timing. 

Fig. 54-15. Appearance of a pattern on the picture tube when the horizontal hold control is slightly out of 

adjustment. 
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If there are positive sync pulses midway between beginnings or ends of regularly synchronized cycles 
these intermediate pulses would occur far down on the curve of grid voltage, as at 4 in Fig. 54-14, and 
would have no effect. Such intermediate pulses would be produced by alternate equalizing pulses and by 
alternate serrations of the vertical pulse in a composite signal. When any such pulses arrive, the oscillator 
is so far from tripping that there is no effect on frequency. 

HOLD CONTROL ADJUSTMENT. When a horizontal hold control is out of adjustment to a moderate 
degree, the pattern on the picture tube screen will appear about as shown by Fig. 54-15. There will be a 
series of dark horizontal bars sloping upward or downward toward the right, depending on whether the free 
running frequency is being made too fast or too slow. There is a complete pattern or picture between each 
two adjacent bars, but it is compressed by incorrect horizontal frequency and sloped by vertical synchroni-
zation, which here is assumed to be correct. 

As the hold control is brought more nearly to a correct setting the bars will become fewer in number and 
will become more nearly vertical. Finally, the picture will snap into synchronization. If the hold control 
is turned still farther in the same direction until synchronization again is lost, usually the bars will re-
appear and will be sloped in the opposite direction. 
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Fig. 54-16. When horizontal synchronization is far 
out of the way the picture tube shows many horizon, 
tal lines. 

Fig. 54-17. When vertical synchronization is lacking 
the pattern on the picture tube "rolls" vertically. 

If the horizontal hold control is far out of adjustment, or is inoperative, the screen of the picture tube 
will be covered with a network of horizontal streaks and narrow lines, about as shown by Fig. 54-16. 

When a vertical hold control is out of adjustment the pattern on the picture tube screen will move either 
up or down, either slowly or rapidly. To reproduce the effect would require a motion picture, but it is 
somewhat as shown by Fig. 54-17. The pattern or picture is said to be rolling or slipping vertically. As 
the hold control is turned more nearly to a correct adjustment the vertical movement will slow down, and 
eventually the picture will lock into its correct position. 
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If either a horizontal or vertical hold control will throw the picture out of synchronization at both ex-
tremes of the adjustment range you should note the positions of the knob or pointer at which the picture 
falls out of sync when the adjustment is turned first clockwise and then counter-clockwise. The best 
setting usually is midway between the two positions where synchronization is. lost. 

After making an approximate adjustment as just described, turn the receiver off and immediately back on 
again, or switch to another channel and back again to the first one. If the picture does not quickly pull 
into synchronization it may be possible to make a slight readjustment to improve the pull-in. 

When a picture is synchronized, with the hold control, at a satisfactory setting, it will be necessary to 
turn the control some certain amount in either direction to lose synchronization. This is the point of drop-
out. As the control is slowly brought back toward its original setting the picture will not return to syn-
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Fig. 54-18. Connections from the final tube in the sync section, as determined by required polarity for 
oscillator synchronization. 
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chronization at the point where it dropped out, but the control will have to be moved still farther toward 
its original correct setting. The position at which the picture again synchronizes is the pull-in point. 
There may be large differences between the points of drop-out and pull-in. 

Once a hold control is correctly adjusted it should not require readjustment except at long intervals, as 
when tubes gradually change their characteristics after considerable use. If a hold control requires fre-
quent adjustment it is probable that resistors or capacitors in the control circuit are changing their values 
by an excessive amount as the set warms up. 

Hold control knobs or pointers may be readily accessible, in plain view of the operator, on the front 
panel. Otherwise these controls may be concealed by a small cover on the front panel, which is easily 
opened or removed for control adjustment. In still other receivers the hold control adjustments are on the 
back or top of the chassis, rather inaccessible except for service adjustments. 

OSCILLATOR SYNC POLARITIES. As we have seen in this lesson and the one preceeding, sweep 
oscillators may require synchronization by either positive or negative pulse voltages. The blocking os-
cillator used alone or with a discharge tube requires positive pulses. Cathode coupled multivibrators, 
and the capacitor coupled type first examined, require negative pulses at their grids or positive pulses at 
their cathodes. The multivibrator in which one section is an output amplifier requires positive pulses 
at its grid or negative at its cathode. Different types of oscillators often are used for horizontal and verti-
cal sweeps, so the polarity problem sometimes becomes rather involved. 

Fig. 54-18 illustrates a few of the ways in which sync polarities required for sweep oscillators are ob-
tained from the final tube in the sync section. Conventional symbols indicate polarities of sync pulses to 
grid or cathode of the sync tube and of output polarities to the two sweep oscillators. By remembering 
that there is inversion between grid and plate, but not between grid and cathode nor between cathode and 
plate, it should be easy to follow the diagrams with the help of the accompanying table. 

POLARITIES TO SWEEP OSCILLATORS (Fig. 54-18) 

Polarity To Sweep 
Diagram Input Pulse Element to Element From Which Oscillators 

No. Polarity Which Applied Output Taken horizontal Vertical 

1 neg grid plate pos pos 

2 pos grid plate neg neg 

3 neg grid cathode neg neg 

4 pos grid cathode pos pos 

5 neg cathode plate neg neg 

6 pos cathode plate pos pos 

7 neg grid plate and cathode pos neg 

8 pos grid plate and cathode neg pos 

Fig. 54-19 illustrates a few combinations which involve two or more tubes at or near the output of the 
sync,section. Input to the grid of the first tube in every diagram has been shown as negative. Were the 
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FI°R« 
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Fig. 54-19. Sync section output in which two or more tubes feed voltages to the following sweep 
oscillator circuits. 

input for this first tube to be positive all the output polarities to the oscillators would be inverted. This 
became evident in Fig. 54-18, where in successive diagrams from 1 through 8 the grid inputs were shown 
alternately negative and positive, with accompanying reversals of outputs to the oscillators. The num-
bering of diagrams commenced in Fig. 54-18 is continued in Fig. 54-19. 

In diagrams 14 and 15 there is a single vertical output, but there are two horizontal outputs of opposite 

polarities. These horizontal outputs are required for certain types of oscillator frequency control which we 
shall study in the following lesson. 
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LESSON NO. 55 

AUTOMATIC CONTROL OF SWEEP FREQUENCY 

In all oscillators of ordinary commercial construction there are temporary slight variations of operating 
frequency, due to equally slight and temporary changes of resistance, capacitance, and inductance that 
occur with heating, cooling, atmospheric changes, shifting of electric or magnetic fields, and other similar 

causes. Hold control resistors and capacitances are themselves subject to these disturbing influences, 
and cannot maintain sweep frequency at the oscillator output in perfect synchronization with pulses of the 
received signal. 

These natural variations of frequency in vertical sweep systems are minimized because at a frequency 
so low as 60 cycles per second the oscillation circuits are quite stable in operation, and pulses from the 
sync section are able to hold the oscillator in time. 

But in horizontal sweep systems the frequency is 2621/2 times as high as in the vertical systems. Every 
change of capacitance or inductance, or of resistance which affects a time. constant, will have proportion-

ately greater effect in the horizontal sweep. The result, in spite of correct setting of the hold control, 
would be an irregular sidewise shifting of the picture decidely noticeable on screens of 10-inch and larger 

tubes. 

This horizontal shifting of the picture could be compensated for by continual manipulation of the hold 
control, which manifestly is impracticable. What we need is a sort of automatic hold control that will in-

stantly bring the sweep frequency back into synchronization when it tends to vary. Practically all receiv-
ers except those using 7-inch or smaller electrostatic deflection picture tubes do have automatic frequency 
controls for the horizontal sweep oscillator. A few have additional automatic frequency control for the 
vertical sweep oscillator. 

There is great variety in design and in the exact methods of accomplishing desired results with the 
various afc (automatic frequency control) systems for sweep oscillators. Fortunately, however, our study 
of these systems is made relatively easy by the fact that all of them employ the same basic principle, 

which is illustrated by Fig. 55-1. 

Between the sync section and the sweep oscillator is inserted a frequency control circuit. Voltage 
pulses from the sync section, which are at the correct sweep frequency, go to this control circuit. To the 
control circuit are applied also voltage pulses at the actual oscillator frequency, which are brought back 
from some point in or following the sweep oscillator output. The frequency of these feedback pulses will 
be incorrect if the oscillator is not in exact synchronization with the received signal. 
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Fig. 55-1. Where the frequency control circuit is used. 
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The sync pulses and the actual sweep pulses act together in the control circuit to produce a combi-
nation voltage called the correction voltage. The correction voltage is applied to the input circuit of the 
sweep oscillator. If actual sweep frequency and received sync frequency are exactly the same, the os-
cillator frequency is unaffected. But if actual sweep fr.quency gets out of time with sync pulses the 
resulting correction voltage from the control circuit acts to lower or raise the oscillator frequencyas may 
be required to bring it back into synchronization with the received signal. 

The majority of afc systems utilize the correction voltage to alter the grid bias of the sweep oscillator. 

Making the bias of a blocking oscillator more negative lowers its frequency, because a longer time then is 
needed for the oscillator to return to a conductive condition after being blocked. Making the bias less 
negative increases the oscillator frequency, which is the actual sweep frequency. 

If the oscillator is a cathode coupled or a capacitor coupled multivibrator, making the grid of the first 
section more negative will raise the frequency, since this is equivalent to making the second grid less 
negative or to lessening the resistance of the hold control. With the multivibrator which is combined with 

an output amplifier, making the oscillator grid more negative will lower the frequency, sine e this is the 
same effect as produced by increasing the hold control resistance. 

systems which do not act on oscillator grid bias employ what is called a reactance tube. The cor-
rection voltage then is used to alter the bias or grid voltage of the reactance tube. Thereupon the react-
ance tube changes the effective inductive reactance in the grid-plate circuit of the oscillator. This 
change of reactance has the same effect as a change of inductance in the grid-plate circuit, and oscillator 
frequency is altered accordingly. 

All afc systems for sweep sections help to hold sweep frequency in time with sync pulses even when 
there is moderate interference of the noise type. Noise voltages, though they may be weak when reaching 
the sweep section, are likely to temporarily upset synchronization unless there is automatic frequency 
control. 

We shall examine typical circuits of afc systems which are in general use. All of the commonly em-

ployed principles will be explained. Thereafter it should not be difficult for you to understand the effects 
of modifications or of new methods which later may be introduced. 
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Fig. 55-2. An afc system using variable conduction in a triode to regulate sweep frequency. 
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AFC WITH TRIODE CONTROL TUBE. Fig. 55-2 shows circuit connections for a widely used afc 

system in which a triode tube controls the grid bias of a blocking oscillator. 

Let's look first at the parts of this circuit with which we already are familiar. The oscillator feedback 
transformer, T, is an autotransformer type with continuous winding. One end is connected to the oscillator 
plate, and the other end is connected through capacitor Cg to the oscillator grid. A sawtooth output volt-
age appearing at the transformer tap is applied through capacitor Ct to the grid of the sweep amplifier 
tube. 

The capacitance across which is developed the sawtooth voltage, by slow charge and rapid discharge, 
here consists of capacitors Cs and Ct in series with each other. These capacitors are charged by electron 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 55 — Page 4 

flow through them from ground ( 13-minus) and through resistor Rs to D-plus. The capacitors discharge 
through ground to the grounded cathode of the oscillator tube, through this tube to its plate, and from 
there through the upper part of the oscillator transformer and a paralleled resistor back to the capacitors. 
Discharge occurs when the oscillator grid is made positive. 

The purpose of the resistor on the oscillator transformer is to provide a load that "damps'? out oscilla-
tions which would tend to continue at the natural or resonant frequency of the oscillator feedback circuit. 
The portion of the sawtooth capacitance marked Cs is adjustable. It is called the drive control. The 

purpose of this control will be explained later. 

The oscillator grid is connected to ground, and thus back to the cathode, through resistors Mand Rh. 
With blocking oscillators having no afc one of these resistors would be adjustable, and would be the hold 
control for varying the free running frequency. Here we shall apply a correction voltage to the top of 
resistor Rh. This correction voltage will come through resistor Rc from the afc system, and will vary the 
oscillator grid voltage or grid bias to alter the frequency. 

Note this: Although the parts of our oscillator circuit appear quite different from those on blocking 
oscillators previously examined, there really is nothing new except omission of the adjustable bold con-

trol and substitution of an afc voltage. 

Voltage at the grid of the oscillator is shown at the left in Fig. 55-3. The grid goes far negative on the 

long downward traces, as the grid capacitor begins to discharge. While the capacitor continues discharg-
ing through resistors Rg and Rh the voltage becomes less negative along the gradual upward slope. Along 
this slope we find first a few cycles of oscillation at the natural frequency. These rapid oscillations 
are subdued or damped out by resistance in the grid circuit, and the capacitor discharge contiques at a 

uniform rate. Where the oscillator grid voltage reaches the value allowing conduction we see brief upward 

peaks of positive voltage. It is during these positive peaks that the sawtooth capacitors Cs and Ct 
discharge through the oscillator tube. 

Fig. 55-3. Voltages at the grid (left) and at the plate (right) of the blocking oscillator. 

A 
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Voltage at the oscillator plate is shown at the right in Fig. 55-3. Here again we have rapid fluctuations 

due to changes of grid voltage at the natural frequency, then a straightening of the upward slope of the 

curve. 

Fig. 55-4 shows voltage at the tap or the output point of the oscillator feedback transformer, T. All the 
natural frequency oscillations which existed at the oscillator plate now have been removed by choking or 
filtering action of the transformer inductance. There is a smooth sawtooth wave, except for rather sharp 
negative downward peaks just before the curve commences its gradual upward slope to the right. 

The negative peaks at the beginning of the upward slope in the sawtooth wave are due to resistance in 
the discharge path of the sawtooth capacitors. This resistance prevents complete discharge of the saw-
tooth capacitors during the period in which the oscillator is conductive. The remaining charge of the 

capacitors brings the voltage upward by a small amount from its extreme negative value as soon as the 
oscillator is cut off. Then follow the smooth upward slope indicating recharging of the sawtooth capaci-
tors. Later we shall have much more to say about this negative peaking, because it is of great importance 

in securing correct deflection of the picture tube beam. 

Having determined with the help of the oscilloscope that our oscillator really is operating like any 

other blocking oscillator, we shall consider what is happening in the afc portion of the circuits. 

Note first in Fig. 55-2 that the grid of the afc tube is connected to the oscillator grid through resistor 
Rb, whose value is about 3 megohms. Through this resistance there is applied to the afc grid, part of the 

negative biasing voltage which exists at the oscillator grid. The grid return path to the cathode is through 

Fig. 55-4. Voltage at the transformer output and the sawtooth capacitors. 
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Fig. 55-5. Negative pulses from the deflection circuit, used in forming the combination waveform at the afc 
grid. 

resistor lia, whose value is considerably less than one megohm. Thus the afc tube is negatively biased 
to an extent which allows conduction only during the more positive portions of the other voltages which 
come to the grid. 

Coming to the grid of the afc tube through capacitor Cc are three voltages, which combine to produce 
the frequency correction effect. One of these voltages is the sawtooth wave at the oscillator ouiput, 
shown by Fig. 55-4. This voltage comes through resistor Rd to point X and through capacitor Cc to the 
grid. 

Another of the three voltages is taken from the deflection system, from some point in the circuit for the 
horizontal deflection coils for the picture tube. This voltage, as it exists in the deflection circuit, con-
sists of sharp negative pulses. These voltages are shown by the oscilloscope as in Fig. 55-5. These 
deflection pulses come to point X and the afc grid through a resistor and capacitor at Ile and Q. The 
resistor is of about a half-megohm and the capacitor of less than 10 mmf, to greatly reduce the high volt-
age of the deflection pulses and make them somewhat narrower. 

'I'he sawtooth voltage from the oscillator transformer and the negative pulses from the deflection circuit 
combine at the grid of the afc tube to give the waveform shown by Fig. 55-6. The upward slopes of this 
wave are from the sawtooth output of the oscillator and the negative dips are from the deflection circuit. 
Since everything that contributes to formation of this wave comes from the output side of the oscillator, 
the frequency must be the actual sweep frequency at which the oscillator is operating. If actual sweep 
frequency increases there will be an increase of the frequency in the wave of Fig. 55-6, and a decrease 
of sweep frequency will be reflected in decreased frequency of the combination wave. 
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Fig. 55-6. The combination voltage at the afc grid before sync voltage pulses are added. 

The third voltage to be applied at the afc grid is taken from the last tube in the sync section. This 
sync voltage is shown by Fig. 55-7, as it appears at the output of the last sync tube. Here we have 
positive pulses whose frequency is the horizontal sync frequency of the received signal, and which will 
remain at this correct frequency no matter what happens to the frequency of the combination wave derived 

from the sweep output. 

When the sync voltages add themselves to the combination wave at the afc grid we have the effect 
shown by Fig. 55-8. The positive sync pulses add small positive peaks at the end of each upward slope 
in the combination wave. It is only these positive peaks that cause conduction in the afc tube, because 
because of the negative bias mentioned previously. You should compare this trace with tilat of Fig. 55-6. 

, With any given plate voltage applied to the afc tube the length of conduction time and the resulting total 
quantity of electrons passing through this tube will depend on the width or the time duration of the posi-
tive peaks that appear at the tops cf the combination wave. 

Fig. 55-7. Voltage pulses from the sync section, which are added to the combination voltage at the afc grid. 
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Fig. 55-8. With correct synchronization the combination voltage has positive peaks of moderate width. 

What happens to the positive peaks when there is a change of actual sweep frequency is illustrated by 
diagrams in Fig. 55-9. At the top we have relations between sync voltage and combination voltage for 
correct synchronization of oscillator frequency. About half of the total length of time for the sync voltage 

is before the sharp negative drop of combination voltage. Half the time duration of sync voltage remains 
on top, to cause conduction in the afc tube. The remainder of the time of the sync voltage occurs later 
than the peak, and this portion of the sync voltage adds itself to the combination wave away down in the 
negative dip where it can cause no conduction in the afc tube. This is the condition shown by the oscil-
loscope in Fig. 55-8. 

In the middle diagram of Fig. 55-9 the oscillator has slowed down, its frequency has become lower. 
Then each sharp peak of the combination voltage occurs a little later than before. The timing of sync 
pulses has not varied, and as a result the entire time of sync voltage occurs before the negative dip. The 
afc tube is made conductive for a longer time in each cycle by the decrease of oscillator frequency. This 
condition is shown by the oscilloscope as at the left in Fig. 55-10, where it is apparent that the positive 
peaks added to the combination wave are lasting for a much longer time than before. 

In the lower diagram of Fig. 55-9 the oscillator is running faster, its frequency has increased. Now the 
sharp peaks on the combination wave occur earlier. Only a brief fraction of time duration of the sync 

voltage occurs before the combination voltage goes negative, and only a very little of the sync voltage 
remains to cause conduction in the afc tube. The afc tube has been made less conductive, or conductive 
during briefer intervals in each cycle by increase of oscillator frequency. The condition represented by 
this lower diagram is shown by the oscilloscope as at the right in Fig. 55-10. The positive peaks have 
all but disappeared. 

Plate current or cathode current for the afc tube flows from ground (B-minus) through resistors Rh and 
Re of Fig. 55-2, thence through the tube and the hold control resistances to B-plus. Voltages which ac-
company the current in Rh and Rc charge the capacitors in the filter system connected to the afc cathode. 
The time constant of the filter capacitors and resistors Rh and Re is such as to remove rapid fluctuations 
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Fig. 55-9. How the positive sync voltage pulses combine with the sawtooth wave which has a negative peak. 

of voltage. The charges built up on the filter capacitors are positive on the sides connected through 
resistor lie to the oscillator grid circuit. Then the greater the charge put onto the filter capacitors the 

greater will be the positive correction voltage applied to the oscillator grid circuit, and the less negative 
will be the bias on the oscillator grid. 

Capacitor charge and positive correction voltage is increased by longer conduction periods of the afc 
tube with a slow running oscillator, as shown by the middle diagram of Fig. 55-9. Then the less negative 
grid voltage for the oscillator increases the oscillation frequency. When capacitor charge and voltage 

decrease with shorter conduction peridds of the afc tube with a fast running oscillator (bottom diagram of 
Fig. 55-9) the oscillator grid remains more negative. This decreases or slows dow^ the oscillation fre-

quency. Thus we have automatic frequency control which holds oscillation and sweep frequency in time 
with the received sync pulses. 
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Fig. 55-10. Effect on positive voltage peaks of a slow oscillator (left) and of a fast oscillator (right). 

The hold control of this afc system varies the plate voltage on the afc tube. Higher plate voltage in-
creases the current during each period of conduction. This puts a greater charge on the filter capacitors, 
makes the oscillator grid less negative, and increases the oscillation and sweep frequency. If the hold 
control is adjusted for less plate voltage there is less current during each conduction period, a smaller charge on the filter capacitors, a more negative voltage on the oscillator grid, and there is decrease of 

oscillation and sweep frequency.  

There are four adjustments or controls on this afc system. The hold control is accessible to the 
operator. The other three are service adjustments. One of these service adjustments is the movable core 

in the oscillator feedback transformer. This core varies the free running frequency to make it enough 
slower than sync frequency that the hold control may be effective for synchronization. 

The fine frequency control is an adjustable trimmer capacitor on the oscillator grid circuit. It allows 
bringing the free running frequency to a more nearly correct value when the transformer core is not 

ac-curately adjusted. This control capacitor is not always included in afc systems of this general type. 

The lock- in control on the grid circuit of the afc tube is another trimmer type adjustable capacitor. It 
acts as a partial bypass to ground for the voltages reaching the afc grid. Adjustment for less capacitance 
increases the reactance of this capacitor, reduces the bypassing effect, and there is increase of ampli-
tude of the wave at the afc grid. More capacitance decreases the amplitude. 

Adjustment of the lock-in determines the effectiveness of the hold control in synchronizing the picture. 
justmIf the lock-in capacitor is correctly adjusted and the hold control is at the approximate center of its ad-

ent range, a picture will almost instantly pull into synchronization when the set is switched from 
channel to channel, or when it is turned off and on again. After a synchronized picture appears, the hold 
control may be turned from end to end of its adjustment range or very nearly through the entire range with-
out losing the synchronization that has been established. If no adjustment of the lock-in capacitor allows 
this behavior of the hold control it indicates incorrect adjustment of the core in the oscillator transformer 
or of the fine frequency control when this latter control is used. 

TRIODE AFC WITH OSCILLATOR-AMPLIFIER. Another method of using a triode for producing the 
correction voltage in an afc system is illustrated by the diagram and waveforms of Fig. 55-11. here the sweep oscillator acts also as a sweep amplifier, feeding its output through an impedance matching trans-
former to the deflection coils on the picture tube. 
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Fig. 55-11. An afc system controlling a combined oscillator-amplifier. 
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The oscillator is essentially a blocking type. The primary of the output transformer acts much like the 
plate winding of the feedback transformer in blocking oscillator circuits studied earlier. The secondary 
acts much like the grid winding of a feedback transformer. 

Assume to begin with, that the oscillator-amplifier becomes conductive during its operating cycle. 

There is a momentary large rush of current from cathode to plate and through the transformer primary to 
B-plus. The quick change from zero current to relatively large current induces a strong emf in the sec-
ondary winding of the transformer. The upper end of the secondary, marked X, becomes strongly positive 

while the lower grounded end becomes negative. 

There is a connection from point X through the hold control resistance and capacitor Cf to the grid of 
the oscillator-amplifier, so the grid of this tube is also driven positive. The time constant of the circuit 

including capacitor Cf is short, allowing this capacitor to discharge very quickly after being charged by 
the voltage pulse which we originally assumed as having made the oscillator-amplifier conductive to start 

the action. 

Although plate current through the transformer primary began with a sudden rush, it did not rise to a 
high value, because of the strong counter-eta induced in the transformer primary. Thereafter the plate 
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current increased at a relatively slow rate in accordance with the time constant of inductance and winding 
resistor in the transformer primary. This gradual rise of plate current is the rising portion of the sawtooth 
wave which is required for deflection. Note that here we are not forming the sawtooth by charge and dis-
charge of a capacitor, but by the build-up and decay of a magnetic field in the output transformer. 

When plate current in the oscillator amplifier approaches its maximum value, as determined by applied 
B-voltage, the rate of increase slows down. This reduces the induction of emf in the secondary winding, 
and soon this emf becomes too small to hold the grid of the oscillator amplifier positive. Grid voltage 
then drops to the cutoff value and goes negative. At the instant of plate current cutoff there is sudden 
stoppage of current in the transformer primary. The change from increase to very fast decrease is the 

steep downward part of the sawtooth wave. 

Note that this much of the performance of the oscillator-amplifier is very similar to that earlier des-
cribed in connection with more common types of blocking oscillators. 

Now we shall go to the afc section of Fig. 55-11. The only voltage applied to the plate of the afc tube 
is a sawtooth wave obtained from the screen circuit of the oscillator-amplifier and brought through the afc 

plate filter elements. As oscillator plate current is increasing, the d-c voltage at the plate is decreasing, 
as always happens. The screen voltage will also change, at the same rate, due to the unbypassed re-
sistor Rs. This is the change of screen voltage that is taken to the plate of the afc tube. It is important 
to note that the frequency of this sawtooth plate voltage for the afc tube is the actual sweep frequency 
being applied to the deflection system. It is the frequency which may vary in relation to sync frequency, 
and which must be brought back into synchronization. 

Two voltages are applied to the grid of the afc tube. One of these is a sawtooth voltage derived from 

point X in the deflection circuit and brought back through the two resistors and capacitor of the afc grid 
filter. The capacitor in this filter is rapidly charged by the strong negative pulses from X. This negative 
change of capacitor voltage forms the steep downward slope of the sawtooth applied to the afc grid. Then 
the filter capacitor discharges rather slowly through the resistance paths, forming the gradual upward 

slope of the sawtooth wave. 

The other voltage applied to the afc grid comes from the sync section of the receiver. This sync volt-
age consists of positive and negative peaks occuring at the beginning of each cycle, with zero voltage 

between times. 

The combination of the two voltages at the grid results in a sawtooth wave with positive peaks at the 
beginning of each downward slope, and negative peaks at the end of this slope. We shall make use of the 
positive peaks of grid voltage. Tley are occuring at the sync frequency of the received signal. The first 
use of the positive peaks is to bias the grid of the afc tube by grid-leak biasing action of capacitor a 

and resistor Rb. 

If the sweep oscillator is correctly in time with the received signal the positive peaks of afc grid volt-
age will occur at the instant wherein the sawtooth plate of the afc tube voltage has dropped half way from 
maximum to zero. This relation of sync pulses to plate voltage is shown at the top of Fig. 55-12. 

Supposing now that oscillation frequency decreases, the oscillator commences to run too slow. The 
downward slope of plate voltage will occur later than it should. The result is shown at the middle of 
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Fig. 55-12. how oscillator frequency varies the point on the sweep-frequency wave at which there are sync 
pulse voltages. 

Fig. 55-12. Since the sawtooth wave occurs later in time, the sync pulses are relatively earlier and they 
occur while plate voltage is higher than in the first condition. This higher plate voltage causes increased 
plate and cathode current through the afc tube during each of the sync pulses. 

Should oscillation frequency increase, or become too fast, we have the condition shown at the bottom 
of Fig. 55-12. Now the positive sync pulses occur when there is much lower plate voltage on the afc 
tube. There is less plate and cathode current during each sync pulse. 

By looking at the cathode circuit of the afc tube in Fig. 55-11, and comparing it with the cathode circuit 
of the afc tube in Fig. 55-2, you could write the remainder of this explanation for yourself. Greater plate-
cathode current with a slow running oscillator increases the charge and the voltage on capacitors in the 
bias filter. This makes for a more positive voltage at the top of resistor Rh. This resistor is in the os-
cillator grid circuit, so oscillator grid bias is made less negative (the same as more positive) and oscil-
lator frequency is increased. Less plate-cathode current in the afc tube has exactly opposite effects. 
The oscillator is slowed down to overcome the fast action that reduced the plate-cathode current. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 55 — Page 14 
TELEVISION 

AFC CORRECTION VOLTAGE FROM DISCRIMINATOR. The discriminator circuit which we used for a 
detector or demodulator in f-m sound receivers quite often is used for developing a correction voltage in 
afc systems for sweep oscillators. Doubtless you recall that the discriminator produces an output 'voltage 
that goes positive and negative when the frequency of the f-m signal becomes greater or less. ln the sound 
receiver the output voltage of the discriminator becomes alternately positive and negative at ar audio 
frequency rate, thus forming the audio signal. 

In the sound demodulator we obtain a reference frequency from the transformer primary or from the plate 
of the last i-f amplifier. In an afc system we may use the sync frequency as our reference. In the sound 
system we obtain from the ends of the transformer secondary two voltages whose phase relation to the 
reference voltage changes with changes of signal frequency. In an afc system the voltage or voltages 
which shift their phase (or their frequency) may be secured from the output of the sweep oscillator, and 
will be the actual sweep frequency. Discriminator output then will become positive when actual sweep 

frequency varies in one direction, and become negitive when sweep frequency varies in the other direct-
ion. This positive or negative output voltage is used in various ways to bring the oscillator back into 
synchronization. 

The discriminator circuit shown by diagram 1 of Fig. 55-13 looks much like some of the sound demodu-
lator circuits. Sync pulses here are applied to the center of the transformer secondary. The diode circuits 

SYNC 

D-C OUTPUT 

SWEEP 

SYNC SWEEP 
CA ;A- C) 

Fig. 55-13. Some of the discriminator circuits employed in afc systems. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 55 — Page 15 

are completed through resistor Rd. Sweep voltage is applied to the transformer primary, and goes in 
opposite phase from the secondary to the plates of the two diodes. The diodes become alternately con-
ductive when alternations of sweep voltage make their plates positive. Conduction currents flow in oppo-
site directions through load resistors Ra and Rb. Output is taken from the top of resistor Ra. Anything 
which causes diode A to conduct more than 11 makes the output positive, while anything that increases 
conduction in diode B over that in A makes the output negative. 

Except for using sync pulses and sweep voltage, the explanation in the preceding paragraph would 
apply to a sound discriminator. If you do not remember details of discriminator performance it would be 
well to read about them in the lesson dealing with demodulation in f-m receivers. 

If we reverse the connections to plate and cathode of each diode, the discriminator circuit appears as in 

diagram 2 of Fig. 55-13. Conduction currents have been reversed in the load resistors. Now an increase 
of conduction in diode A makes the output negative, while increase of conduction in diode _11 makes the 
output positive. 
Generally similar results may be had with the circuit modification of diagram 3. Only the sync pulses, 

which must be of negative polarity, are applied to the cathodes of the two diodes. The alternating sweep 
voltage is brought through capacitor Ca and appears across capacitor Ch. The top of Ch is directly con-
nected to the top of the load resistors, and the lower end is connected through ground to the bottom of the 

resistors. Thus the sweep voltage appears across the resistors and is applied to the plates of both 
diodes. 

RA 
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Fig. 55-14. A discriminator varying the plate resistance of an amplifier as a means for controlling 

oscillator frequency. 
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Fig. 55-15. How discriminator diodes are made more or less conductive by shifting of the sweep frequency. 

Fig. 55-14 shows one of the many applications of discriminators in afc systems for sweep oscillators. 

here we have the discriminator acting as the afc tube, then an amplifier to strengthen the d-c output of the 
discriminator, then a blocking oscillator in whose grid circuit we use the amplifier plate resistance for 

varying the oscillator bias and its frequency. There is nothing about the oscillator itself with which we 
are not already familiar. 

The cathodes of the discriminator diodes are connected to the two ends of a winding which is on the 
core of the sweep output transformer. The voltage coming from this winding to the discriminator is of 
sawtooth waveform. Since alternating potentials from opposite ends of any transformer winding are of 

opposite phase, the voltages on the discriminator cathodes are of opposite phase. Fig. 55-15 shows these 
opposite simultaneous voltages as they are applied to the cathode of diode A and to the cathode of diode 

B. One cathode is made negative while the other is made positive. Each diode conducts only while its 
cathode is negative. These polarities are, of course, with reference to the diode plates. 

To the center tap of the load resistors Ra and 1lb on the discriminator are applied positive voltage 

pulses from the sync section of the receiver. These positive voltage pulses pass through each of the load 
resistors to the respective plates of the discriminator. Thus the two plates are made positive at the same 

time. Now we must realize that, even though the diode plate is made moderately positive by a sync pulse, 
the diode cannot conduct unless its cathode is negative with reference to the plate. 

If sawtooth waves from the deflection system are in correct time relation to sync pulses from the re-
ceived signal we have the condition shown at the left in Fig. 55-15. The pulses act just when the diode 

cathodes are going through zero voltage. II there is any small conduction it will be equal in both diodes. 
Currents in the load resistors will balance, since they are in opposite directions, and there will be no d-c 

output from the discriminator. 
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Fig. 55-16. A discriminator output connected through an amplifier to the grid circuit of a blocking oscillator. 

Should the oscillator commence to run slow, or at a frequency lower than that of the sync pulses, we 
have the condition shown at the center of Fig. 55-15. The sawtooth waves occur later, which is equi-
valent to having the sync pulses come farther ahead on the waves. The positive sync pulse acts on diode 
A while the cathode is positive and the diode is non-conductive. But the positive pulse acts on diode B 
while its cathode is negative and while this diode is conductive. There will be a large current through 
diode Band load resistor rib. This makes the discriminator output a positive d-c voltage, as you can see 
from Fig. 55-14. 

If the oscillator commences to run fast with reference to sync frequency we have the condition shown 
at the right in Fig. 55-15. Now the positive sync pulses act on diode Awhile it is conductive, because 
of its negative cathode. Diode B now is non-conductive, so the sync pulse has no effect. There is a 
large current through diode A, and the discriminator output becomes a negative d-c voltage due to current 
in resistor Ra. 

These variations of discriminator output polarity are applied to the grid of the amplifier. With a slow 
oscillator the discriminator output is positive and the amplifier grid is made positive with reference to its 
grounded cathode and the grounded lower end of the discriminator load resistors. Positive grid voltage 
has the effect of reducing plate resistance of the amplifier tube. This plate resistance is part of the grid 
circuit resistance for the oscillator. The reduction of grid circuit resistance allows the oscillator grid 
bias to become less negative, and there is a resulting increase of oscillator frequency. 

With a fast oscillator all the actions are reversed. Discriminator output and amplifier grid bias go 
negative. Amplifier plate resistance increases. Oscillator grid circuit resistance is increased, the os-
cillator bias becomes more negative, and the oscillator is slowed down. 

Another method of using a discriminator in an afc system for sweep oscillators is shown by Fig. 55-16. 
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Fig. 55-17. How changes of oscillator frequency vary the correction voltage from a discriminator. 

Negative voltage pulses from the sync section are applied to the cathodes of the two diodes, as in dia-

gram 3 of Fig. 55-13. From the sweep output is brought back a sawtooth voltage which is applied to 
capacitor Cb and to the diode plates. Tlis sawtooth voltage is in phase at the two diéde plates, as shown 

by Fig. 55-17. 

Since diode conduction currents flow opposite directions in the two load resistors, and thus have op-
posite effects on polarity of the discriminator output, these effects may be shown on the sawtooth plate 
voltages as in Fig. 55-17. When sweep voltage is correctly in time with sync pulses there are equal 

increases of conduction in both diodes, and the opposite effects cancel to leave no d-c output. 

If the sweep oscillator runs slow the sawtooth waves occur later. Then there is more conduction in 
diode A than in B, and we have a negative d-c output. A fast oscillator, or an oscillator frequency higher 
than sync frequency, causes more conduction in diode B than in A. The result is a positive d-c output. 

Correction voltage from the discriminator is applied to an amplifier, and from the amplifier is applied 
to the grid circuit of the first section in a blocking type sweep oscillator. The polarity is reversed in the 

amplifier. A negative discriminator output with a slow oscillator results in a positive voltage at the grid 
circuit of the oscillator, and its frequency is increased. A positive discriminator output with a fast os-

cillator has the opposite effect, and oscillator frequency is decreased. 

There are other applications of the discriminator which involve the action of a reactance tube in the 

afc system. We shall examine these other applications after studying the reactance tube and some of its 

other uses in the following lesson. 
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LESSON NO. 56 

PHASE DETECTORS AND REACTANCE TUBES 

In many television receivers the horizontal sweep frequency is automatically controlled by a twin-diode 
tube used as a phase detector. A phase detector produces a d-c voltage whose polarity and strength are 
proportional to differences in phase or in times of sync pulses and the actual output frequency of the 
sweep oscillator. One method of using a phase detector is shown by Fig. 56-1, which is a circuit diagram 
for an afc system in which the sweep oscillator is a cathode coupled multivibrator. 

The cathode of one section and the plate of the other section of the phase detector are connected to-
gether. To them is applied a sawtooth voltage at the actual oscillator frequency, as obtained from some 
point in the horizontal deflection circuit. The voltage in the deflection circuit itself consists of very 
strong positive peaks, shown by the oscilloscope as at the left in Fig. 56-2. These voltage pulses charge 
the capacitors which are along the line that goes to the phase detector. The capacitors then discharge 
rather slowly through their associated resistors, in accordance with the capacitance-resistance time 
constant. The result is an approximate sawtooth wave at the joined cathode and plate of the detector. 
This wave is pictured at the right in Fig. 56-2. The frequency of this sawtooth voltage is, of course, that 
of the oscillator output. It may or may not be in time with the sync pulses. 

(i) Voltage pulses at the horizontal frequency of the received signal come to the phase detector from a 
sync inverter tube, sometimes called a splitter when used in this general type of circuit. Sync voltage 
pulses at the grid of the inverter rube are negative, as shown at A in Fig. 56-3. Since there is no in-
version of polarity between grid and cathode, we have at the cathode of the inverter tube a series of nega-
tive voltage pulses at the sync frequency. These pulses are shown at B. The negative sync pulses are 
applied through capacitor Cb to the cathode of diode B in the phase detector, also to the lower end of load 
resistor Rb. 

From the plate of the inverter tube we obtain positive sync pulses as shown at C in Fig. 56-3. These 
pulses are positive at the plate because there is inversion of polarity between the grid and the plate of 
the inverter. There is considerable amplification between the grid and the plate of the inverter tube, 
which makes the voltage of the plate pulses much greater than the voltage of pulses coming to the grid. 
Then the plate pulses will be much stronger than those from the cathode, because there is little or no 
difference between output voltage at the cathode and input voltage at the grid. To make the plate pulses 
and cathode pulses of approximately equal strength we take the plate pulses from a point in the plate 
circuit that follows dropping resistor Rd. 

The positive sync- pulses from the inverter plate circuit are taken through capacitor Ca to the plate of 
diode A in the phase detector, and also to the top of load resistor Ra. 
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At the outer ends of the load resistors on the phase detector we now have a combination of two volt-
ages. One is the sawtooth voltage whose frequency is that at which the oscillator actually is operating. 
The other voltage is that due to the sync pulses, whose frequency is that for correct timing of deflection 
in accordance with the received signal. 

Fig. 56-2. Positive voltage pulses from deflection circuit (left) and sawtooth voltage fed to phase detector 
input (right). 



COMMERCIAL TRADES INSTITUTE 

Lesson No.56 — Page 3 

Fig. 56-3. A. negative pulses at inverter grid. 13, negative pulses at inverter cathode. 

C, positive pulses from inverter plate. 

The combination voltages are as shown by Fig. 56-4. Along the top row are voltages acting on diode A, 
between its cathode and its plate. The bottom row shows voltages acting in diode B, as measured from 
plate to cathode. Since the sawtooth wave is applied to the cathode of A and to the plate of B this wave 
appears of the same polarity in all diagrams. 

Sync pulse voltages ride on the steep slopes of the sawtooths. These pulse voltages are positive at the 
plate of diode A and are negative at the cathode of diode B. Thus the pulse voltages are of such polari-
ties as will cause conduction in the diodes. 

The two diagrams at the left in Fig. 56-4 show the sync pulses riding about half way down the sawtooth 
slopes. This is the condition when the sawtooth wave is correctly synchronized with the signal pulses. 

Peak-to-peak voltages are equal, and the result is equal conduction on both diodes. This means equal cur-
rents in the two load resistors Ra and Rb of Fig. 56-1, and equal voltages across these resistors. 

Next toward the right are shown conditions when the oscillator runs too slowly, or at a frequency lower 
than that of the sync pulses. The sawtooth now occurs later in time, which would move it toward the 
right in these diagrams. Since the timing of the sync pulses does not change, or, at least, remains at the 
points which we wish to attain in deflection, the pulses effectively move to the left. The pulse on diode 
A rides higher. This increases the peak-to-peak voltage acting on diode A, increases conduction in this 
diode, and increases the current and voltage in load resistor Ra. At the same time the pulse on diode B 
has moved into such a time position as to decrease the peak-to-peak voltage on this diode. There is less 
conduction in diode B, and less current and voltage in load resistor Rb. 
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Fig. 56-4. How sync pulses combine with the sawtooth wave at various oscillator frequencies. 

If the oscillator runs too fast, at a frequency higher than sync frequency, we have conditions shown by 

the two diagrams at the right in Fig. 56-4. The sawtooth wave occurs earlier in time, or moves toward the 
left in the diagrams. This brings the sync pulse on diode A down into the trough of the sawtooth, to re-

duce peak-to-peak voltage on this diode. There is less conduction in A, and less current and voltage in 
load resistor lia. Simultaneously the sync pulse moves higher on the sawtooth for diode B, increasing the 
peak-to-peak voltage, the conduction, and increasing the current and voltage in load resistor Rb. 

When currents in the two diodes and their respective load resistors are equal, the electron flow is as 
shown by arrows in Fig. 56-1. Flow is from the plate of diode A through resistor Ra, resistor Rb, and to 
the cathode of diode 13, thence from the plate of this diode to the cathode of A and to the plate of A. 

If there is more conduction through diode A than through 13 the excess electron flow must go through the 
path shown by heavy lines at the left in Fig. 56-5, since this is the only path between plate and cathode 
of A which is completed through conductors. Part of this path consists of resistor lig which, as you can 
see from Fig. 56-1, is in the grid circuit of the oscillator and which provides part of the grid biasing volt-
age for the oscillator. Electron flow is downward in this grid resistor, making the oscillator grid more 
negative with reference to ground. This is the result of a slow oscillator, or of an oscillator frequency 
lower than sync pulse frequency. 

If the oscillator runs fast there is more conduction in diode B than in A. Then the excess electron flow 
through B must follow the conductive path shown by heavy lines at the right in Fig. 56-5. This flow is 
upward in grid resistor lig, making the oscillator grid more positive with reference to ground. 

The oscillator grid always has an average negative bias due to the voltage drop across cathode resistor 
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Fig. 56-5. Electron flow when the oscillator is slow (left) and when the oscillator is fast (right). 

Rk of Fig. 56-1. The phase detector voltages in resistor Rg merely make the oscillator grid more negative 
for a slow oscillator and less negative for a fast oscillator. These changes of grid voltage on the first 
section of the cathode coupled multivibrator are equivalent to changes of opposite polarity at the grid of 

the second section. Then we have the effect of a lower oscillator frequency making the grid of the second 
section less negative, to increase the frequency. Conversely, higher oscillator frequency makes the grid 

of the second section more negative, to lower the frequency. This is automatic frequency control. 

The changes of phase detector output voltage which occur with the continual slight shifting of oscil-
lator and sweep frequency may be checked with a sensitive electronic voltmeter. The voltmeter may be 

connected between ground and either the top of resistor lia or the bottom of resistor Rb. Otherwise the 
meter may be connected between ground and the top of resistor Rg. By closely watching the meter pointer 

you will see almost continual small changes of d-c voltage as the sweep oscillator attempts to vary its 

frequency and is brought back into time by the correction voltage. 

The changes of correction voltages may be seen by connecting an oscilloscope from ground to the top 
of resistor Ra or to the bottom of resistor Rb. Traces observed with these connections are shown by Fig. 
56-6. 'i;hen the oscillator is slow the correction voltage from diode A is pictured by trace number 1, and 
from diode B by trace number 2. It is plain that diode A is furnishing the greater voltage, just as at the 
left in Fig. 56-5. Trace number 3 shows the voltage from diode A when the oscillator is fast, and trace 
number 4 shows the voltage from B with a fast oscillator. Here it is apparent that diode Bis furnishing 

the greater voltage, as at the right in Fig. 56-5. 

The oscilloscope traces show the sawtooth vlltages with opposite slopes in the two diode circuits, 

which indicate opposite polarity. This is because both voltages here are being observed with reference 
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Fig. 56-6. Voltages observed at the diodes with the oscillator running too slowly or too rapidly. 

to ground, whereas in Fig. 56-4 the two voltages are with reference to the cathode of one diode and the 
plate of the other diode. 

(2 The only service adjustment in this control system is marked AFC Adjustment in the diagram of Fig. 
56-1. This is a parallel resonant circuit which is tuned to the horizontal sync frequency by means of a 
movable core in the inductor or coil. With correct adjustment there is maximum impedance in the oscillator 

plate circuit at the horizontal frequency, and the oscillator gives its maximum voltage output at this 
frequency. 

Adjustment is made as follows: 

1. Set the manually operated hold control at the center of its range. 

2. Tune the channel selector and set the contrast control as for normal reception in any channel on 
which a program is being transmitted. 
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3. Move the core of the afc adjustment until the picture or pattern locks into horizontal synchronization. 

4. Turn the hold control adjustment fully clockwise, then slowly back counter-clockwise until the pic-
ture just locks in. Three or four sloping black bars should appear just before lock-in. 

5. Repeat the check by turning the hold control fully counter-clockwise, then back just far enough for 
lock-in. The bars should slope the opposite direction just before lock-in. 

6. Carefully adjust the core of the afc coil to obtain lock-in with the hold control turned about the same 
part of its travel from either extreme position. The picture or pattern then should remain locked when the 
hold control is rotated through one-fourth to one-third of its range. 

This general method of frequency control may be used when sync pulses to the grid of the inverter tube 
are positive rather than negative. Then the plate of the inverter is connected through a blocking capacitor 
to the cathode of the phase detector, and the cathode of the inverter is connected through another blocking 
capacitor to the plate of the detector. Correction voltage polarities then will be the same as described for 
the system with negative pulses to the inverter grid. Fig. 56-7 shows this method of connection, also the 
pulse polarities and the direction of electron flow. Negative pulses are applied to the cathode of the 
phase detector and positive pulses are applied to its plate, just as with the system previously described. 

There are numerous other afc systems in which a phase detector is used for combining sync pulse volt-
ages with sawtooth voltages to obtain a d-c output that varies with frequency differences. In Fig. 56-8 the 

Fig. 56-7. Connections for positive sync pulses 
at inverter grid. 

Fig. 56-8. -D-c output taken from a cathode and 
plate connected together. 
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sync pulse voltages of opposite polarity are applied to the outer ends of resistors Ra and Rb and to one 
plate and one cathode of the detector. The remaining cathode and plate are connected together, and from 
them is taken the d-c correction voltage for the sweep oscillator grid circuit. 

The sawtooth voltage derived from some point in the deflection circuit is applied to the joined cathode 
and plate of the phase detector. This wave then will act in the same polarity through both diodes to give 
a correction effect similar to that illustrated by Fig. 56-4. Correction voltage is proportional to the dif-
ference between voltage across resistor Ra and the voltage across resistor Rb. 

PHASE DETECTORS WITH AMPLIFIERS. In Fig. 56-9 we have a sync inverter and phase detector 
similar to these units in Fig. 56-1, and there will be similar changes of output voltage from the detector 
when the actual sweep frequency varies from the correct sync frequency. But now we have the output of 
the phase detector connected to the grid of a triode used as an afc amplifier. 

At the upper right is a blocking oscillator with the usual hold control resistance connected to its grid. 

But instead of the far end of the hold control resistance going to ground it is connected to the plate of the 
afc amplifier tube. Then voltage at the oscillator grid will be altered by every change of voltage at the 
plate of the amplifier, or at point X. If plate voltage becomes less positive, or effectively more negative, 

PHASE 

DETECTOR 

HOLD 
CONTROL 

- 

AMPLIFIER 

Fig. 56-9. Mc ststem with phase detector, amplifier, and blocking oscillator. 

BLOCKING 
OSCILLATOR 
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the oscillator grid voltage will be made more negative and oscillation frequency will be lowered. Ampli-
fier plate voltage more positive will make oscillator grid voltage less negative, and oscillation frequency 
increased. 

Let's assume that oscillator frequency tends to increase above sync frequency. Correction voltage 
from the phase detector will go more positive, just as it did when applied to the grid of the first section 
of a multivibrator oscillator. This will place a positive charge on the grid end of capacitor Cg and on 
the amplifier grid. Now the amplifier draws increased current. There is more voltage drop in the re-
sistor from the plate to B-plus. and voltage at the plate itself becomes less positive. The result is to 
make the oscillator grid voltage more negative, and the oscillator slows down. 

(:) Should oscillator frequency tend to drop below sync frequency the correction voltage from the phase 
detector will go negative. All the other changes will be reversed, and oscillator frequency will be in-
creased. This is automatic frequency control. The series resistor and capacitor between plate and grid 
of the amplifier are needed to prevent sudden changes of voltage in the oscillator grid circuit from acting 
on the phase detector through the amplifier. When a system of this general type is connected to the grid 
of the first section in a multivibrator the series resistor and capacitor are omitted. 

The afc amplifier may be used also on a phase detector output of the kind shown by Fig. 57-8, with the 
amplifier grid connected to the joined plate and cathode of the detector. The amplifier plate circuit and 
oscillator grid circuit then will be as described in connection with Fig. 56-9, or the oscillator may be a 
multivibrator instead of the blocking type shown in that figure. 

REACTANCE TUBE. In all the afc systems which previously have been examined the frequency of the 
sweep oscillator is controlled by varying its grid voltage in one way or another. Now we shall look at 
some systems in which the oscillator frequency is determined by a tuned resonant circuit consisting of 
inductance and capacitance. The oscillation frequency will be varied to hold it in synchronization by 
varying the effective tuning inductance. Strange as it may seem, the effective tuning inductance for the 
sweep oscillator will be varied without using an adjustable inductor. Instead we shall use a reactance 
tube, which may be made to behave like an inductance whose value is varied simply by changing the 
voltage applied to the grid of this tube. 

The elementary principle of reactance tube action may be explained with the help of Fig. 56-10. The 
oscillator tuning inductor or coil is marked La. The top of this coil is connected to the oscillator grid 
through capacitor Cg. The oscillator grid is biased in the usual way by this capacitor and resistor Rg. 
The lower end of the tuning coil is connected through ground and capacitor Ch to the oscillator plate. 
The oscillator cathode is connected to a tap on the tuning coil. You will recognize that this much of the 
circuit is nothing more than a common type of Hartley oscillator. 

Across coil La are capacitor Ca and resistor Ra, in series with each other. La and Ca are the tuning 
inductance and capacitance. Resistance at Ra is only 10 ohms or thereabouts, so has little effect on 
oscillation. Inductance and capacitance in this tuned oscillator circuit are of such values as to be res-
onantat the horizontal sync frequency of 15,750 cycles per second. 

In parallel with capacitor Ca and effectively in parallel with the inductance of La (because of small 
resistance at Ra) we have the reactance tube. The plate of this tube is connected to the top of the tuned 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 56— Page 10 

OSCILLATOR 
ILA 

CA CP f"-\ B+ 
REACTANCE TUBE RA 

CG RG 

Fig. 56-10. Reactance tube connected to act as a variable inductance. 
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circuit through capacitor Cp. This is merely a blocking capacitor to keep d-c voltage for the plate of the 
reactance tube from affecting the oscillator grid circuit, while furnishing a path for alternating current 
and voltage. The cathode of the reactance tube is connected to the bottom of tuning capacitor Ca, and 

effectively to the bottom of the tuned circuit through the small resistance at Ra. 

We wish the reactance tube to have the same effect as would a variable inductance in parallel with the 
tuned circuit. Let's first inquire what this effect should be. We know that in any pure inductance the 

alternating current will lag the alternating voltage by 90 degrees. Therefore, if alternating plate current 
in the reactance tube can be made to lag the alternating plate voltage by 90 degrees this tube will act 
like an inductance. Now to see how this is accomplished. 

Since capacitor Ca is part of the oscillatory circuit there is oscillating or alternating voltage across 
this capacitor. Ca is connected across the plate and cathode of the reactance tube. Therefore, the alter-

nating voltage which is across Ga is applied as alternating plate voltage to the reactance tube. This al-
ternating plate voltage and the capacitor voltage are represented by curve 1 of Fig. 56-11. 

Because capacitor Ca and resistor Ra are in series with each other in the oscillatory circuit the current 
is the same in these two elements. That is to say, current in Ra is in phase with current in.Ca. But, as 
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Fig. 56-11. Phase relations of voltages and currents in the reactance tube circuit. 

in any capacitance, the alternating current in Ca leads the alternating voltage by 90 degrees. Con-
sequently, the current in Ca and the same current in Ra is leading the capacitor voltage and reactance 
tube plate voltage by 90 degrees. This leading current is represented by diagram 2. 

The alternating voltage across any resistance is in phase with the alternating current in thatresistance. 
Then the voltage across resistor Ra must be in phase with its alternating current. This voltage is repre-
sented by curve 3. Voltage from resistor Ra acts on the cathode of the reactance tube, so curve 3 also 
represents this alternating cathode voltage. 

Any voltage at the cathode of a tube has the same effect on plate current as a voltage of opposite phase 
at the grid of the same tube. This effect is observed every time we consider a cathode biasing system. 
Making the cathode more positive is equivalent to making the grid more negative. It follows that a re-
actance tube grid voltage equivalent to the alternating voltage on the cathode would be as shown by 

curve 4. 
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In any tnbe having a grid, plate, and cathode the alternating plate current is in phase with alternating 
grid voltage. A more positive grid voltage increases the plate current, and a more negative grid voltage 

decreases the plate current. Then reactance tube plate current is also represented by curve 4. 

At 5 in Fig. 56-11 the reactance tube plate voltage (from curve 1) is shown by the full-line curve. The 
plate current (from curve 4) is shown by the broken-line curve. It is apparent that plate current is lagging 

the plate voltage by 90 degrees, and that the reactance tube is acting like an inductance connected in 
parallel with the tuned circuit or in parallel with the inductance of tuning coil La. 

An increase of plate current in the reactance tube will increase its inductive effect. We may increase 
the plate current by making the grid of this tube more positive or less negative. Such a change of d-c grid 
voltage will be provided by opening the grid circuit, which goes directly to ground in Fig. 56-10, and 

inserting a source of variable d-c voltage. A decrease of reactance tube plate current will lessen the 
inductive affect. The plate current will be decreased by applying a less positive or more negative d-c 

voltage to the grid of this tube. 

Now we must consider the effect on oscillator frequency of increasing or decreasing the inductive effect 
of the reactance tube, which is acting like one inductance in parallel with another inductance in coil La. 

Adding a paralleled inductance reduces the effective combined inductance of the two inductors, just as 
adding one resistance in parallel with another reduces the combined resistance. Less total inductance in 
the cecillator tuned circuit increases the oscillation frequency. All this adds up as follows: 
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Fig. 56-12. Afc system with phase detector, reactance tube, and Hartley oscillator. 
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Reactance tube grid more positive. More inductive effect in tube. Less total or combined inductance 
in oscillator tuned circuit. Higher oscillation frequency. If the grid of the reactance tube already is 
negatively biased, as normally is the case, making the grid less negative will have exactly the same 
effect - it will raise the oscillation frequency. 

If the grid of the reactance tube is made more negative, everything will be reversed and oscillation 
frequency will be lowered. All this is quite easy to remember, because it so happens that a given change 
of voltage at the grid of the reactance tube has the same effect on oscillation frequency as the same 
change of voltage at the grid of a blocking oscillator or at the second grid of a cathode coupled multi-
vibrator. 

@The d-c voltage at the grid of the reactance tube may be varied by connecting this grid to the d-c output 
of either a phase detector or a discriminator. Both methods are used for automatic control of oscillator 
frequency. We shall look first at a system employing a phase detector. 

PHASE DETECTOR AND REACTANCE TUBE. Fig. 56-12 shows a practical application of the re-
actance tube in a circuit wherein control voltage for the grid of this tube is furnished by a phase detector. 
Between the output of the phase detector and the grid of the reactance tube is a d-c filter system com-
posed of resistors and capacitors. This filter removes from the detector output any remaining sync pulse 
voltages and other pulse or alternating frequencies, to leave a practically smooth d-c control voltage for 
the grid of the reactance tube. Another name sometimes used is noise filter. 

The various parts of the phase detector circuit and the oscillator grid circuit are identified by the same 
reference letters used in Fig. 56-10. Two adjustments have been added. One is a movable core in the 
oscillator tuning coil La, called a horizontal lock control or a horizontal frequency control. The other is 
a hold control, which is an adjustable resistor from the oscillator grid to ground at Ilg. 

The hold control is a front panel adjustment for use by the set operator. The lock or frequency control 
is a service adjustment. With the hold control at the approximate center of its range the lock control is 
adjusted until the pattern or picture falls into synchronization, if not already there. It should be possible 
to move the hold control some distance each way from center while holding synchronization, and to bring 
the pattern or picture back into sync after the hold control has been turned to the limit of its range in 
either direction. If this is not possible, the lock control is carefully readjusted until the hold control 
operates as described. 

In the circuit illustrated the sawtooth capacitor does not discharge through the oscillator, but through a 
separate discharge tube that follows the oscillator. This discharge tube is needed because oscillating 
voltage at the grid of this particular oscillator does not have sharp positive peaks suitable for allowing 
discharge through it of a sawtooth capacitor connected to its plate. You will recall that such positive 
peaks are produced at the grids of blocking oscillators and of multivibrators which act also as discharge 
tubes. 

The hold control on the oscillator grid of Fig. 56-12, in connection with the pulse filter leading from 
the oscillator plate to discharge tube grid, act to form sharp positive pulses at this latter grid. Then the 
discharge tube becomes conductive and non-conductive to allow discharge and recharge of a sawtooth 
capacitor in the plate circuit of this tube. We shall examine the action a little later in this lesson. 
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0‘ There are many reactance tube circuits other than the one that we have been studying. Any connection 
which allows a tube to act like a variable inductance or a variable capacitance in parallel or in series 
with a tuned circuit provides what may be called a reactance tube. As an example, the positions of ca-
pacitor Ca and resistor Ra might be interchanged in Fig. 56-10. Then plate voltage on the reactance tube 

would be in phase with resistor voltage, and cathode voltage would be in phase with capacitor voltage. 
Plate current in the reactance tube then would lead the plate voltage, and we would have the effect of a 

variable capacitance across the tuned circuit for the oscillator. 

Fig. 56-13 shows another way of using a reactance tube to vary the effective capacitance in the tuned 

circuit for the oscillator grid. Correction voltage for the grid of the reactance tube is furnished by a dis-

criminator which follows the last sync amplifier tube. Discriminator output, from the top of the two load 
resistors, is applied to the reactance tube grid through a d-c filter or noise filter. 

Inductance coil La is in the tuned grid circuit of the oscillator. In parallel with this inductance are 
three capacitive branches of the turfed circuit. One is capacitor Ca. The second branch consists of 

capacitor Cp in series with the plate-cathode path through the reactance tube. 

When the hold control resistance is increased it increases the resistance as compared with capacitive 
reactance of capacitor Ch in this branch of the circuit. This is equivalent to having less capacitance, 
and oscillation frequency is raised. Reducing the hold control resistance lowers the oscillation frequency. 

FROM DEFLECTION 

SYNC AMP 
AND 
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Fig. 56-13. Afc system in which a reactance tube operates as a variable capacitance. 
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The reactance tube plate resistance is a variable resistance in series with capacitor Cp. Increasing 
the plate resistance of the reactance tube has the same effect as increasing the hold control resistance, 
it allows capacitor Cp to have less effect in the tuned oscillator circuit or is equivalent to reducing the 
capacitance. This, of course, increases the oscillation frequency. Plate resistance of the reactance tube 
is varied by change of its grid voltage as determined by the d-c output of the discriminator. If the dis-
criminator makes the reactance tube grid more negative, there is greater plate resistance in the reactance 
tube, the tuning effect of capacitor Cp is reduced, and oscillation frequency is raised. A less negative 
grid voltage on the reactance tube has the opposite effect, and oscillation frequency is lowered. 

Inductance of La is altered by a movable core in this coil. This is a service adjustment. The hold 
control is a front panel adjustment accessible to the operator. The movable core in La is adjusted to 
allow correct action of the hold control by following the same method as explained in connection with 
these two adjustments in Fig. 56-12. 

No discharge tube follows the oscillator in the system of Fig. 56-13. The oscillator itself is made to 
act as the discharge tube for sawtooth capacitor Cs in its plate circuit. This is accomplished by having 
grid capacitor  Cg and grid resistor Rg  of such values as provide grid-leak bias so strongly negative that 

the oscillator is held non-conductive except during the most positive tips of oscillation voltage on the 
oscillator grid. These positive tips of grid voltage allow discharge of sawtooth capacitor Cs through the 
oscillator tube. There is additional shaping of the grid voltage waveform and a sharpening of the change 
from negative to positive by means of sync pulse voltages brought to the oscillator grid through a con-
nection from the sync amplifier and discriminator. 

DISCRIMINATOR AND REACTANCE TUBE. Fig. 56-14 is a circuit diagram for an afc system in which 
a discriminator supplies d-c correctioa voltage to the grid of a reactance tube. The reactance tube varies 
the effective inductance in the tuned grid circuit of a Hartley oscillator. The output of the oscillator is 
fed to a discharge tube. Each of these circuit elements has been examined in other combinations. Here 
we have them in the afc system which was first to be generally used, and which still is found in many of 
the newest receivers. 

The feature which chiefly distinguishes the appearance of this circuit from others containing a re-
actance tube is the two-winding transformer between oscillator and discriminator. The transformer primary, 
La, is in the oscillator grid circuit. It takes the place of oscillator tuning coil La of Fig. 56-10. This 
winding, and all parts of the reactance tube circuit, operate as explained in connection with that figure, 
and all are similarly lettered so that you may identify them. 

The secondary of the transformer Ld is connected to the discriminator plates, which are on the input 
side of the discriminator. The secondary is tuned to resonance at the horizontal sync frequency by its 
inductance and the capacitor Cd. The frequency is adjustable by means of a movable core in the sec-
ondary winding. Primary resonant frequency is adjustable by a separate movable core in the primary. 

Positive sync pulses from the last tube in the sync section are applied to a center tap on the trans-

former secondary. Because these pulses are put into the center tap they appear at both ends of the sec-
ondary and at both discriminator plates in the same positive polarity. In cases where the sync pulses 
consist of positive and negative spikes only the positive spikes are effective, since they go to the plates 
of the discriminator and only positive voltages at the plates will make the diodes conductive. 
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Fig. 56-14. Afc system with discriminator, reactance tube, and Hartley oscillator. 

Although the sync pulses make the plates of both discriminator diodes positive at the same time, the 

resulting diode currents flow opposite directions in load resistors Ra and Rb. If conductions are equal in 
the two diodes there are equal opposite voltages across the load resistors and the d-c output of the dis-
criminator is zero. Then if the only voltage applied to the discriminator were that of the sync pulses the 

d-c output always would be zero. 

To the discriminator plates is applied also a voltage induced in the transformer secondary because of 

its coupling to the primary. This secondary voltage, like the primary voltage, is at the actual operating 
frequency of the oscillator and at the actual sweep frequency, which may or may not be correctly in time 
with the received sync pulses. The transformer secondary voltage is of opposite polarity at the outer 
ends of this winding, and is applied in opposite polarity to the plates of the two discriminator diodes. 
This voltage has the form of a sine wave, because there is sine wave current in the transforner primary. 
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The sync pulse voltages add themselves to the sine wave voltages at the plates of the discriminator 
diodes, with the results shown by Fig. 56-15. The diodes are conductive during positive alternations of 
sine wave voltages, and are non-conductive during negative alternations. On the upper line are repre-
sented voltages on the plates of diodes A and B when the sine wave oscillator voltage is correctly syn-
chronized with received sync pulses. Sync voltages occur at zero points on the sine waves in both diodes. 
The pulses act just as though there were no sine wave voltage, and they cause balanced or zero d-c out-
put voltage from the discriminator. 

Conditions with a slow oscillator are shown by the middle line of Fig. 56-15. The sine wave voltage 
occurs later in time, it has moved to the right. Now the sync pulse voltage rides high on the sine wave 
for diode A, and there is increased conduction in this diode. The result is a positive d-c voltage from the 
discriminator output, as you can see by referring to Fig. 56-14. This makes the grid of the reactance tube 
more positive or less negative, and oscillator frequency is increased. 

If the oscillator tends to run fast the voltages on the discriminator plates change as shown at the bottom 
of Fig. 56-15. Pulse voltage on diode A has dropped into the non-conductive region, but on diode B this 
voltage is riding high on the sine wave. This increases conduction in diode B over that in diode A and 
there is negative d-c output voltage from the discriminator. This output makes the reactance tube grid 
more negative, and oscillator frequency is lowered to bring it back into synchronization. 

The fixed negative bias for the reactance tube is provided at the bottom of load resistor Rb in Fig. 56-
14 by making a connection to any point which is between 11/2 and 3 volts more negative than ground. The 
grid return for the reactance tube is through the d-c filter, thence through load resistors lia and Rh to the 
biasing point. The d-c output of the discriminator adds to or subtracts from the fixed bias voltage. 

Ghe d-c filter or noise filter acts similarly to such filters shown previously. The filter time constant is 
as long as several horizontal lines. Thus we have on the reactance tube side of the filter an average of 
momentary variations of discriminator output voltage, practically unaffected by any instantaneous noise 
voltages coming from the sync section to the discriminator plates. Were it not for the averaging effect or 
the time delay effect of this filter the picture could "jitter" when reception is noisy. 

The action of the hold control in the afc system being examined is so different from anything with which 
we are acquainted as to be well worth some discussion. What happens between the grid of the oscillator 
and the grid of the discharge tube is illustrated by Fig. 56-16. This applies also to the hold control of 
Fig. 56-12. 

Curve 1 represents the sine wave voltage coming from oscillator coil La to grid capacitor pi of Fig. 56-
16. The positive alternations make the grid so positive as to cause plate current saturation, due to the 
large current and large voltage drop in the resistor from the oscillator plate to B plus. Then the top of 
the plate current wave (curve 2) is flattened off as at a. As grid voltage becomes less positive the plate 
current decreases to point b. But the grid capacitor and grid resistor of the hold control are applying a 
grid-leak bias so negative as to cause plate current cutoff when grid voltage falls to point b. Plate 
current goes to zero at C. Current remains at cutoff or zero until the next positive alternation of grid 
voltage brings the grid back to cutoff at d. Then the performance repeLts on every cycle of sine wave 
voltage at the grid. 

Changes of plate current are accompanied by the changes of plate voltage shown by curve 3. As you 
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know, plate voltage is in opposite phase to plate current. This is the voltage at the oscillator plate, it is 
the voltage applied to the pulse filter. The filter is a so-called differentiating type, and the applied plate 
voltage is an approximate square wave. Then every sudden rise of plate voltage causes a positive pulse 
at the filter output, and every sudden drop of plate voltage causes a negative pulse. These pulses are 
applied to the grid of the discharge tube. The positive pulses trigger this tube and allow discharge 
through it of the sawtooth capacitor. Curve 4 shows positive and negative pulses at the filter output. 

Note that the leading edges of positive triggering pulses occur when sine wave voltage at the oscillator 
grid drops to the cutoff value. We are not interested in the negative pulses, for they have no effect on 

the discharge tube action. 
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Fig. 56-15. how sync pulses combine with the sine wave voltage from the oscillator circuit. 
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Fig. 56-16. How the hold control varies the timing of positive pulses to the grid of the discharge tube. 

Now look at curves 5 and 6 of Fig. 56-16. The hold control resistance has been readjusted to change 

the negative bias applied to the oscillator grid by voltage across this resistance. Cutoff now occurs 
while grid voltage is more positive or occurs earlier during the sine wave. Arrow e indicates the time 

between zero voltage of the oscillation sine wave and the leading edge of a positive triggering pulse. 

Next look at curves 7 and 8. Hold control adjustment has been changed to make bias voltage at the 
oscillator grid less negative. —1Siow sine wave voltage must drop to a lesser positive value before there is 
plate current cutoff and a positive triggering pulse. Arrow f indicates the time between zero sine wave 
voltage and the triggering pulse. This time is longer than that indicated by arrow e. Thus we find that 
adjustment of the hold control varies the time of the triggering pulses in relation to the time of the oscil-
lator frequency, as represented by the instants at which the sine wave goes through its various values. 

There are three adjustments for the afc system of Fig. 56-14. One is the hold control, which is ac-
cessible to the set operator. There are two service adjustments, the movable core in the transformer 
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primary, which usually is called the frequency control, and the movable core in the secondary, which 

usually is called the phasing control. The frequency control most often is a screw or nut on top of the 
transformer, while the phasing control is reached from the bottom of the transformer. 

Adjust the frequency control as follows. 

1. Tune in a signal, preferably a test pattern. 

2. Turn the hold control slowly back and forth through its full range. The picture or pattern should 
hold throughout the entire adjustment range, or at least through the center half or two-thirds of the range. 

3. If the hold control does not act thus, carefully adjust the frequency control to obtain the desired 

action. 

The phasing control requires adjustment only if a vertical black bar appears on the screen or if the 
picture or pattern appears as though " folded" back on itself at either the right or left. Make the adjust-

ment as follows. 

1. Turn the hold control to the center of its range. 

2. Adjust the contrast control to make the picture or pattern a little darker than usual, then adjust the 
brightness control so that sloping white lines just become visible. 

3. Adjust the phasing control to move a vertical black bar just off the screen to the right. The edge of 
the picture or pattern should then be close to the left side of the screen area. Make the adjustment so 
that there is no folded appearance at either side, and no vertical white streak at the left side. 

Check your adjustments as follows. 

1. Rotate the hold control one way and the other. The picture or pattern should move to the right and 
left, and if folding appears it should be about equal at one side, then at the other. 

2. Viith the hold control anywhere in the central half or two-thirds of its range the picture or pattern 
should pull back into sync when tuning is changed from channel to channel and when the set is turned off 

and then on again. 
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The synchronizing portions of the television signal have been followed through the sync section and 
through the vertical and horizontal sweep oscillators. Vde have succeeded in obtaining sawtooth voltages 
that are held in synchronism with the received signal. Now we must use these sawtooth voltages for con-

trolling vertical and horizontal deflection of the electron beam in the picture tube. 

11/2hat we do with the sawtooth voltages after they leave the sweep oscillators or discharge tubes de-
pends first on how the electron beam is to be deflected in the picture tube. If there is to be electrostatic 
deflection, sawtooth voltages must be applied to the vertical and horizontal deflecting plates which are 

inside the tube. These deflecting voltages will be of practically the same waveform that comes from the 
sweep oscillators, and may need no special treatment other than possible amplification. 

For magnetic deflection we must have sawtooth currents, not sawtooth voltages, in the deflection coils 
which are placed around the neck of the picture tube. The original or amplified sawtooth voltages then 
must be applied to the primary of a transformer whose induced secondary current goes through the de-

flection coils. Unfortunately, a sawtooth voltage does not induce a sawtooth current of similar form when 
applied to a circuit having large inductance, such as one containing a transformer primary. Therefore, 
the sawtooth voltages from the sweep oscillators will require special treatment before they can cause 

sawtooth currents. 

It is not too difficult to obtain satisfactory vertical magnetic deflection, because the deflection fre-
quency is only 60 cycles per second. But when we come to the horizontal deflection frequency of 15,750 

cycles per second there are many difficulties, and the circuits between horizontal sweep oscillators and 
horizontal deflection coils are much more complicated than those for the vertical system. 

Because of their relative simplicity we shall first examine electrostatic deflection systems. Then we 
shall proceed to magnetic vertical deflection systems, and finally to the methods of securing horizontal 

magnetic deflection. 

ELECTROSTATIC DEFLECTION. As we learned in earlier lessons, the electrons issuing from the 

cathode of a picture tube are focussed into a beam of very small diameter and accelerated to high velocity 
as they travel toward the screen. In an electrostatic picture tube this electron beam passes through 
spaces between pairs of vertical and horizontal deflecting plates. The velocity of the electrons is not 

changed as they pass between the plates, but their direction may be changed. 
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Fig. 57-1. The elements of an electrostatic deflection picture tube. The two pairs of plates are toward 
the left. Then comes accelerating and focusing electrodes. Grid and cathode are toward the 
right, just inside the glass press through which pass the wire leads. 

The electrons in the beam are negative. If the two deflecting plates of a pair are at zero potential, or 
if both are at the same potential and have equal charges, the electrons are not influenced in any way. 
But if one plate is more positive than the other it attracts the negative electrons and changes the direction 
in which they are traveling. If one plate is more negative than the other it repels the negative electrons 
and changes their direction of travel. 

In actual practice the potentials or voltages of the two plates in a pair are made to vary as shown by 
Fig. 57-2. There is an alternating sawtooth voltage on each plate. As one plate is driven positive the 
opposite plate is driven negative. Then the first plate is made negative and the opposite plate positive. 
At any one instant the electron beam is attracted toward whichever plate is positive, and at the same time 
is repelled by the opposite negative plate. As the plate voltages alternate, the beam is bent or deflected 
one way and the other. After the electrons leave the space between deflecting plates they travel straight 
to the screen in the direction of their deflection. 

There are various ways of utilizing the single sawtooth voltage from the sweep oscillator to form the 
opposite-phase sawtooth voltages of Fig. 57-2. One method is illustrated by the circuit diagram of Fig. 
57-3. At the left is represented any type of sweep oscillator or discharge tube in whose plate circuit is 
formed a sawtooth voltage by charge and discharge of capacitor Cs. This sawtooth voltage is applied to 
the grid of sweep amplifier tube A. The amplified sawtooth voltage, which also is inverted by the ampli-
fier, goes from the plate of Â  to one of the deflecting plates of either the vertical or horizontal pair in the 
picture tube at the right. 

The plate circuit load on amplifier tube A consists of resistors Ra and Rb.. The strength or amplitude 
of the sawtooth voltage at the top of resistor lia is the same as at the amplifier plate and the same as 
applied to the picture tube. At point X between resistors lia and Rb the sawtooth amplitude is much less, 
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Fig. 57-2. Sawtooth voltages of opposite polarity fed to opposite plates of a pair in an electrostatic 
deflection tube. 

and at the bottom of ilb the amplitude of this alternating voltage is practically zero. Resistors Ra and 
Rb form a voltage divider. The fraction of the original sawtooth amplitude remaining at point Xis applied 
to the grid of tube B, wh,ch is the phase inverter. The phase of the sawtoota voltage at the grid of tube 

13 is the same as at the plate of tube A. This voltage is amplified and inverted by tube B, and from the 

plate of this inverter tube the sawtooth voltage is applied to the other deflecting plate in the picture tube. 

The inversion of polarity which occurs in tube B causes the sawtooth voltages to be in opposite phase 
at the two deflecting plates of the pair. 
(%1 

'he sawtooth voltages on opposite plates in the picture tube must be of equal amplitudes. The equal 
amplitudes result from the voltage divider action of resistors Ra and Rb. This divider reduces the saw-

tooth amplitude at the grid of tube B as compared with that at the plate of A. When this reduced ampli-
tude is amplified by B it will he brought up to the same strength as at the plate of A. 

The sweep amplifier and inverter ordinarily are the two sections of a twin tube. Both sections have the 
the same amplification when operated with equal plate voltages and grid biases. Sawtooth voltage taken 

from the plate of A to the grid of 13 must be reduced proportionately to the amplification occuring in 13. 
For example, if amplification in 13 is 10 times then sawtooth grid voltage at B must be 1/10 of the saw-
tooth voltage at the plate of A. If B amplifies 20 times, the sawtooth voltage at its grid would be reduced 
to 1/20 of the sawtooth voltage or amplitude at the plate of A. Then sawtooth output from the plate of 13 
will equal that from the plate of A. 
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Fig. 57-4. Various voltage divider arrangements used for electrostatic deflection. 
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Fig. 57-4 shows some other types of voltage dividers used between the plate of a sweep amplifier and 
the grid of an inverter tube. In diagram 1 the lower end of divider resistor Rb goes to ground rather than 

to B plus. Sawtooth voltage from the amplifier plate is taken to the divider through blocking capacitor Cd. 
Always there must be a blocking capacitor to isolate the high d-c voltage on the plate of A from the grid 
circuit of B. In diagram 2 the blocking capacitor is between the two divider resistors. 

In diagram 3 of Fig. 57-4 we have a capacitance voltage divider between the plate of amplifier A and 
the grid of inverter B. Voltage divider action results from the relative capacitive reactances in capacitors 
Ca and Ch. In order to have small sawtooth amplitude at the inverter grid the reactance at Ca must be 
much greater than at Ch, which means that capacitance at Ca will be small and at Ch will be relatively 
large. In diagram 4 the voltage divider action results from capacitive reactance in capacitor Ca and from 
resistance in resistor lib. In both these latter diagrams capacitor Ca acts as a blocking capacitor. 

An entirely different method of obtaining inversion of one sawtooth voltage is illustrated by the circuit 
of Fig. 57-5. One voltage is taken from the plate of the oscillator and applied to the grid of amplifier A. 
At the oscillator cathode is a similar voltage, but of opposite polarity. This inverted sawtooth is applied 
to the grid of amplifier B. We might consider that the inversion is due to taking the two sawtooths from 
opposite sides of sawtooth capacitor Cs, since one side of this capacitor becomes more negative as the 

other becomes more positive, and vice versa. 

JNININ  \NNN 

Fig. 57-5. Electrostatic deflection with two amplifiers and two auto-teansformers. 
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VA, 

Fig. 57-6. Connections from sweep oscillator to picture tube plates, with no amplifier. 

Sawtooth voltages from the plates of the two amplifiers are applied at the taps on auto-transformers Ta 
and Tb, which are wound on the same core. There is no polarity inversion between the tap and the high-
voltage end of an auto-transformer, but there is a step-up of voltage. The stepped-up voltages of opposite 

polarity are applied to the two deflecting plates in the picture tube. 

Fig. 57-6 shows how the plate and cathode of a sweep oscillator may be connected to the two plates of 
a deflecting pair without the use of an amplifier tube or tubes. %hile the oscillator is blocked and non-
conductive the sawtooth capacitor Cs is charged in the marked polarity by electron flow from B minus or 

ground through this capacitor, through the winding of choke coil La, and through the size control resis-

tance to B plus. 

When the oscillator grid is made momentarily positive, and this tube becomes conductive, the sawtooth 

capacitor discharges through capacitor Cb to the oscillator cathode, through the tube to its plate, through 
the plate winding of the oscillation feedback transformer, and to the positive side of capacitor Cs. The 
very sudden change (increase) of current during capacitor discharge attempts to go through chokes La and 
Lb, but it induces such high counter-emf's in the chokes as to force practically the whole discharge cur-
rent to flow through the conductive oscillator tube. The counter-emf or the " inductive kick" voltage 
induced in the chokes is greater than the applied voltage, with the result that sawtooth voltages going to 

the deflecting plates are considerably greater than those from the oscillator. 

The sawtooth voltages applied to the deflecting plates are in opposite phase because one sawtooth 
comes from the plate side of the oscillator while the other comes from the cathode side, or one sawtooth 

comes from the positive side of capacitor Cs while the other comes from the negative side. The two 
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choke windings are on the same core, and are so connected or so wound in relation to each other that 
their inductive voltages act together - each acts to increase the other. This effect contributes to the 

relatively high sawtooth voltages going to the deflecting plates. 

MAGNETIC DEFLECTION. The coils for magnetic deflection of the electron beam are carried in a 
structure called a yoke which is placed around the neck of the picture tube just back of the cone or the 
flare. Fig. 57-7 is a picture of a set of deflecting coils with their protective coverings and the supports 

removed to expose the windings. The tube neck goes through the opening which you can see through the 

center of the coils. 

There are four deflecting coils, two connected in series with each other for vertical deflection, and the 

other two in series for horizontal deflection. The two coils for vertical deflection are opposite each 

other and are mounted at the left-hand and right-hand sides of the tube neck, as shown by the upper row of 
sketches in Fig. 57-8. The magnetic field of these two coils then extends horizontally through the tube 

neck and through the space traversed by electrons of the beam in going from the electron gun to the screen 
of the tube. Ve must have horizontal field lines for vertical deflection because a magnetic field deflects 

electrons at right angles to the direction of the field lines. 

The two coils for horizontal deflection are placed above and below the neck of the picture tube, as 

shown by the lower row of sketches in Fig. 57-8. The lines of the magnetic field between these two coils 

then are vertical, and when they deflect the electron beam at right angles to their own direction this de-

flection will be horizontal. 

Fig. 57-7. The vertical and horizontal pairs of coils in a magnetic deflection yoke. 



COMMERCIAL TRADES INSTITUTE 

Lesson No. 57 — Page8 

FIELD 

COILS 

VERTICAL 

HORIZONTAL 

FIELD 

DEFLECTION 

7 t 

DEFLECTION 

( 

\\N\ 

Fig. 57-8. Relation between magnetic field directions, coil positions, and directions of beam deflection 

when looking at the screen end of a picture tube. 

The four diagrams showing directions of beam deflection are drawn with the assumption that you are 
looking toward the face or screen end of the picture tube, looking back through the cone or flare and 
through the center of the neck toward the base. When the direction of electron flow through the two verti-
cal deflecting coils is such as to produce a itorth magnetic pole on your left and a south magnetic pole on 
your right the electron beam will be deflected downward. When coil current reverses there is reversal of 
the magnetic poles, and the beam is deflected upward. Of course, we have to remember that the beam is 
blanked during vertical retrace, but coil currents and magnetic fields are such as would cause upward 
deflection were there any beam to be deflected. 

When electron flow through the two horizontal deflecting coils is in the direction that produces a south 
magnetic pole from the top coil and a north magnetic pole from the bottom coil the beam is deflected from 

left to right. When coil current and magnetic poles reverse, the beam would be deflected to the left were 
there any beam to be deflected during this retrace action. 

The action of the magnetic fields that deflect the electron beam is entirely independent of the action of 
the electrostatic fields that accelerate the electrons. The two kinds of fields each act as though the other 
field were not present. A magnetic field will deflect electrons only when the electrons are in motion, and 
only when the motion is in a direction not parallel to the lines of the magnetic field. The magnetic de-
flecting fields have no effect on velocity of the electrons. 
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Fig. 57-9. Directions of electron flows in deflecting coils for establishing sawtooth currents and mag-
netic fields of opposite phase. 

For deflection of the beam in the picture tube we require magnetic fields whose polarities are opposite 
at each instant of time, just as for electrostatic deflection we require electric fields produced by voltages 
which are opposite or in opposite phase at each instant of time. The magnetic fields must change their 
strengths in sawtooth fashion in order to have fast retrace times and relatively slow trace times. These 
magnetic fields are produced by sawtooth currents in the deflection coils, as shown at lin Fig. 57-9. 

The two coils for vertical deflection are connected in series with each other and with the secondary 
winding of the sweep output transformer, whose primary is connected to the plate circuit of the vertical 
sweep output amplifier tube. This is shown by diagram 2. The two coils for horizontal deflection are 
similarly in series with each other, and are in series with the secondary of the horizontal sweep output 
transformer whose primary is in the plate circuit of the horizontal sweep output amplifier tube. This is 
shown by diagram 3. 

The magnetic fields which are in opposite phase at the ends of the coils that are toward the neck of 
the picture tube are secured by suitable directions of current in the coils. These current directions are 

shown by diagrams 2 and 3 of Fig. 57-9. Arrowheads indicate directions of electron flow in the coil 
circuits during one alternation. Opposite magnetic polarities are produced on opposite sides of the tube 
neck, resulting in a magnetic field that deflects the beam in one direction. This deflection is shown in 
Fig. 57-8. When electron flow reverses, the magnetic field polarities reverse, and the beam is deflected 
in the other direction. Because electron flows or currents in the coils are of sawtooth waveform we have 
the required fast retrace times and the relatively slow trace times. 
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Fig. 57-10 shows complete circuit connections for a vertical sweep system that you will find in a num-
ber of receivers. At the left is the vertical sweep oscillator, shown here as a blocking type. Then ccmes 

the vertical output amplifier. At the right are the two vertical deflection coils. Vtaveforms of  currents as 

observed on an oscilloscope are marked I. 1.aveforms of  voltage are marked E. 

In the deflecting coils we have a current whose waveform is a nearly perfect sawtooth. But the voltage 
across these coils is a weak sawtooth with very strong and exceedingly brief positive pulses at every 
retrace period. By making tests or measurements at the primary of the output transformer or at the plate 
of the output amplifier we find similar conditions. The current is a well formed sawtooth, with only a 

slight curvature in the long slopes. But again the voltage across the primary, from amplifier plate to the 
B plus connection, is a very weak sawtooth with high positive pulses at the instants of retrace. 

Continuing this investigation we go next to the grid of the amplifier tube. Here we have the sanie volt-

age waveform as at the plate, but the polarity is inverted because there always is such inversion between 
grid and plate. At the amplifier grid there is a sawtooth voltage with strong negative peaks at the instant 
of every retrace period. This same voltage waveform appears at the oscillator output, or at the upper 

connection to sawtooth capacitor Cs. Voltage at the cathode of the amplifier tube remains very ricarly 
constant because capacitance of bypass Ck is something from 50 to more than 200 microfarads, and it 
absorbs and smooths out the changes of cathode current to leave a nearly steady bias voltage for the 

amplifier grid. 

There are many makes and types of receivers in which the grid-cathode circuit of the vertical output 

amplifier are connected as in the small diagram at the bottom of Fig. 57-10 rather than as up above. In 
the small diagram the lower end of the resistor Rs in series with sawtooth capacitor Cs is connected to 
the amplifier cathode rather than to ground. Charge and discharge of the sawtooth capacitor then goes 

through cathode resistors Ilk on the amplifier. The waveforms at all points in this circuit, through to the 

deflection coils, are practically the same as shown on the main diagram. 

Ç.).NEGATIVE PEAKING. In the grid circuit of Fig. 57-10 we have observed the effect called negative 

peaking, with which there is a negative dip or peak at the instant of each retrace period, preceding the 
trace portion of the waveform. This negative peaking, which changes to positive peaking on the plate side 
of the sweep amplifier, is required because there is a great deal of inductance in the output transformer 

and in the deflection coils. 

The portions of the sweep circuit from the amplifier plate to and including the deflecting coils contain 
both inductance and resistance. If a steady voltage is applied to such an inductive-resistive circuit the 

current will not instantly rise to a value proportional to applied voltage, but due to counter-emf induced 

in the inductance will rise rather slowly to that value. The magnetic field resulting from the current will 
increase its strength in the same manner and at the same rate as the current. If applied voltage then is 

suddenly cut off, the current and the magnetic field will not instantly drop to zero. Rather they will de-
crease somewhat slowly, at a rate determined by the inductance-resistance time constant of the circuit. 

All this is simply a re-statement of principles we learned long ago. 

Instead of working with an applied voltage that changes between maximum and zero we may try an alter-
nating square wave voltage as in diagram 1 of Fig. 57-11. Resulting current in the inductive-resistive 

circuit is shown below the voltage wave. The current falls to zero and goes into the opposite polarity 
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OSCILLATOR E 

Fig. 57-10. Connections and waveforms of currents and voltages in a vertical magnetic deflection system. 

some time after the reversal of voltage polarity, because of delay proportional to the time constant. This 
is somewhat on tive order of a sawtooth, but times for retrace and trace would be equal. The retrace time 

must be greatly shortened. 

In diagram 2 strong peaks of voltage have been added at each reversal of polarity. These voltage peaks 
force the current to reverse its direction much more suddenly than before, but after reversing so quickly 

the current continues to increase only according to the inductance-resistance time constant of the circuit. 
Still we have no satisfactory sawtooth current wave. 

An improvement is made by retaining only the positive peaks of voltage and removing the negative 
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Fig. 57-11. Why voltage peaking is needed in order to have a sawtooth current. 
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peaks, as in diagram 3. The positive peaks cause the desired sudden reversals of current. However, the 

abrupt reversal of voltage in the middle of each cycle puts a hump in the current curve. 

In diagram 4 the positive peaks of voltage are retained, but voltage changes at a uniform rate between 

the peaks. The necessary sudden reversals of current are present, but the hump in the current wave is 
removed by the steadily changing voltage. The current changes smoothly as it decreases in one polarity, 

goes through zero, and increases in the other polarity. 

The strong positive peaks of voltage applied to the deflection coils are needed in order that current in 
the coils may reverse its direction within the very brief time allowed for retrace. Otherwise the retrace 
periods would last as long as the trace periods. The positive peaks in the voltage output of the sweep 
amplifier are caused by the negative peaking on the grid side. 

how much peaking is needed depends largely on the relative values of resistance and of inductive re-
actance in the circuits. There is resistance in all the conductors and in the plate resistance of the sweep 
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amplifier. There is inductance in primary and secondary of the output transformer, and in the deflection 
coils. The greater the proportion of inductance the stronger must be the negative peaks. Were the circuit 
to contain only resistance, with no inductance, a sawtooth current would result from a plain sawtooth volt-
age wave, and current waveform would be the same as voltage waveform. 

Negative peaking in the circuits of Fig. 57-10 is produced by resistance at Rs or any other resistance 
which is in series with the sawtooth capacitor. Electron flow through the sawtooth capacitor and series 
resistor during charging of the capacitor is shown by arrows in the left-hand diagram of Fig. 57-12. Charg-
ing current flows to B plus through the size control and associated resistors, whose total resistance 
ordinarily is on the order of several megohms. Consequently, there is relatively slow charging, as from a 
to b on the voltage wave at the center of the figure. Resistance at Rs usually is something between 5,000 
and 10,000 ohms, and is so small in comparison with resistance in the size control connection as to have 
no appreciable effect on either the time of charge or the voltage to which the capacitor is charged. 

Electron flow during discharge of the sawtooth capacitor is shown by arrows in the right-hand diagram 
of Fig. 57-12. The only resistances in the discharge circuit are the small ones at Rs and in the cathode-
to-plate path inside the oscillator or discharge tube. Practically all the electrons which have been ac-
cumulated in the sawtooth capacitor pass through the resistance at Rs within the very brief time allowed 

for retrace. Now we must remember that current is defined as a ràte of electron flow, coulombs per second. 
Even though capacitor Cs does not hold a great quantity of electrons, the discharge is so very fast that 
the rate in coulombs per second is high, and there is thus a large current through resistor Rs. 

We must remember also that the potential difference across a resistance is directly proportional to the 
product of current times resistance. Consequently, the large discharge current through only the moderately 
great resistance at Rs causes a large potential difference across this resistance. The direction of elec-

DISCHARGE 

Fig. 57-12. Electron flows through series resistor during charge and discharge of the sawtooth capacitor. 
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tron flow is such as to make the upper end of Rs negative with reference to ground. Thus there is pro-
duced the strong negative peak shown between a and c on the voltage wave diagram. This peak exists 
only during the fast discharge of the sawtooth capacitor, while the oscillator or discharge tube is con-
ductive. As soon as the tube becomes non-conductive, which is almost instantly, the sawtooth capacitor 
again is charged as before. 

The strength of depth of the negative voltage peak is increased by increasing the resistance of resistor 
Rs, which is directly in series with the sawtooth capacitor and which is not bypassed by any other capa-
citor. Decreasing this resistance lessens the negative peak. S‘hen, as in the small diagram of Fig. 57-10, 

the sawtooth capacitor discharges through the cathode resistor Ilk on the output amplifier, a change of 
resistance at Ilk has practically no effect on the degree of peaking when ilk is bypassed by a very large 
capacitance at Ck. There are a number of receivers in which the sawtooth series resistance at_lts is made 
adjustable as a means for securing a correctly shaped sawtdoth current in the deflection coils. Such an 
adjustable resistance sometimes is called a linearity control, because it helps in making the trace por-
tions of the sawtooth appear as straight slanting lines, or linear. Sometimes this adjustable resistance is 
called a drive control. 

HORIZONTAL MAGNETIC DEFLECTION. The circuits which have been described and shown on the 
input or grid side of the sweep amplifier tube are found in both vertical and horizontal sweep systems for 
magnetic deflection tubes. In vertical sweep systems the parts and connections on the plate or output 
side of the amplifier are simple, consisting chiefly of the vertical output transformer with its primary 
connected to the amplifier plate and its secondary to the deflecting coils. 

But between the plate of the horizontal sweep amplifier and the horizontal deflection coils the circuits 
are not simple. There are a number of important parts not found in vertical systems, and many new princi-
ples must be investigated. Furthermore, the circuits on the grid side of horizontal output amplifiers may 
be quite different from anything that we have studied. 

Many of the added features in horizontal output systems are required because of the rather high opera-
ting frequency, 15,750 cycles per second instead of the 60 cycles per second in vertical systems. Other 

added features allow the horizontal output circuits to perform such extra work as supplying voltage higher 
than any B-plus voltage that comes from the regular power supply. This higher voltage, used for plates 
and screens of various tubes, may be about 100 volts greater than taken from the B-power supply, arid for 
the anode of the picture tube it may be between 8,000 and 12,000 volts or more. 

The actions which occur in these horizontal output systems are so interrelated and so dependent on one 
another that they cannot be considered separately until we have a general understanding of all the things 

that happen simultaneously. To gain such an understanding we shall examine the circuit diagram of Fig. 
57-13, which applied to a fairly typical television receiver using magnetic deflection. 

The sawtooth voltage supplied to this system comes from the sweep oscillator and is developed across 
sawtooth capacitor Cs in the usual way. Sawtooth voltage for the grid of the amplifier tube is not taken 
directly from the top of the sawtooth capacitor through grid capacitor Cg, but passes first through capaci-
tor Ca. 

Capacitors Ca and Ch are in series with each other, and the two are in parallel with the sawtooth 
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capacitor. Sawtooth voltage from Cs is applied across Ca and Ch. These latter two capacitors form a 
capacitance voltage divider. The total voltage from Cs divides proportionately to capacitive reactances 

in the two elements of the divider. For example, if the reactance of Ca is twice that of Ch then twice as 
much of the sawtooth voltage will be across Ca as across Ch. You might consider the total applied volt-

age as divided into three equal parts, with two-thirds across the greater reactance at Ca and one-third 
across the lesser reactance at Ch. ikith such a division, only one-third of the total sawtooth voltage 

would be applied to the amplifier grid, because the grid-to-ground circuit is across capacitor Ch. 

Capacitor Ch is adjustable. It is called a drive control. ‘‘ hen this capacitance is reduced the react-
ance is increased, and a stronger sawtooth voltage is applied to the amplifier grid. If capacitance at Ch 
is increased there is a decrease of capacitive reactance, and a weaker sawtooth voltage is applied to the 
amplifier grid. I,‘hen a stronger sawtooth voltage is applied to the amplifier grid the effects of the in-

crease carry all through following circuits, and there is greater horizontal deflection and a wider picture 

because of greater amplitude of sawtooth current in the deflecting coils. Adjustment of drive control 
capacitance has other effects even more important than change of picture width, as we shall learn when 
working with methods of setting this control. 

In Fig. 57-13 there is no resistor in series with the sawtooth capacitor to provide negative peaking. 
There is, however, a moderate amount of peaking due to discharge of grid capacitor  Cg through grid re-
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Fig. 57-13. Connections for one of the more common types of horizontal magnetic deflection systems. 
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sistor Rg at the same time that the sawtooth capacitor discharges through the oscillator or discharge tube. 

Capacitors Ca, Cb and  Cg all are connected between the top of the sawtooth capacitor and ground, so that 
all charge and discharge in the same manner. Discharge of Cg through the grid resistor is in such dir-
ection as to make the grid end of this resistor negative during the brief instant in which peaking is needed. 

Only a moderate amount of negative peaking is needed in the horizontal circuits. One reason Is that 
inductances may be and are smaller than in vertical circuits, due to the higher operating frequency. There 
is more resistance in the horizontal circuits because the amplifiers are pentode types having plate re-
sistances around 30,000 to 40,000 ohms, while vertical sweep amplifiers usually are medium-mn power 
triodes with plate resistances around 6,000 to 7,000 ohms. 

The plate of the horizontal sweep amplifier is connected to a tap on the primary winding of the output 
transformer. The lower section of this primary acts in the usual way to induce a secondary emf and a 
sawtooth current for the horizontal deflecting coils, to which the secondary is connected. 

When the sawtooth grid voltage on the amplifier tube goes suddenly negative and to a negative peak, 
there is equally sudden cutoff of plate current, which is the current in the transformer primary. Then the 
magnetic fields which have been built up in the transformer and the deflecting coils begin to collapse. 
The rate of collapse is determined by the inductance-resistance time constant of the circuits. 

The abrupt change of current in the transformer secondary and the deflecting coils starts a cycle of 
oscillation in this circuit. The frequency of this oscillation is that corresponding to the circuit inductance 
and all the stray and distributed capacitances, which are small enough to have a natural resonant fre-
quency much higher than the horizontal deflection frequency. Were the oscillation allowed to continue it 
would badly distort the trace portion of the sawtooth current wave. 

When the oscillating current and voltage gets half way through its first cycle and goes into a positive 
alternation the positive voltage acts on the plates of the damper tube to cause heavy conduction through 
this tube. The tube acts almost like a short circuit at this time, and loads the transformer and coil circuit 

so heavily as to stop the oscillation. The purpose of the damper tube is to prevent continued oscillation 
atthe natural frequency of the deflecting coil circuit. 
r 

When the magnetic field around the transformer collapses at the instant of plate current cutoff, the 
contracting lines of force cut through the primary as well as the secondary. The high rate of cutting, due 
to sudden change of magnetic field strength, induces in the primary winding a pulse of emf having a peak 
value of several thousand volts. The value is arbitrarily marked as 4,000 volts on Fig. 57-13. In any 
case this voltage pulse is so strong that touching the amplifier plate terminal or any conductors con-
nected to it will produce painful results if not more serious personal injury. 

The two sections of the primary make this winding act as an auto-transformer, stepping up the pulse 
peaks to something like 9,000 volts. This very high pulsating voltage goes to the plate of a half-wave 
rectifier tube. Positive voltage pulses from the rectifier filament are smoothed by the filter consisting of 
capacitor Cf and resistor 11f. The filter time constant is enough longer than the horizontal pulse frequency 
to provide a d-c voltage nearly equal to the peak pulse voltage. This d-c voltage is used for the anode of 

the picture tube. 

he high voltage system just described usually is called a flyback type because it depends on voltage 
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pulses produced during the retrace or flyback periods. Fig. 57-14 is a picture of a horizontal output trans-
former designed for use in a flyback system. In this particular unit the core extends all the way around 
the outside of the windings and through their centers. Between insulating discs on the side of this trans-
former which is toward you are two turns of wire acting as a secondary to provide heating current for the 
high-voltage rectifier. The outer edge of one of the other windings is visible. These other windings are 
of the duolateral type, in the form of discs and rings around the central part of the core. The terminal 
plate, of insulating material, is on the far side of the windings. 

Fig. 57-14. A flyback type of output transformer used in horizontal magnetic deflection systems. 

QI_D' Connected across part of the turns in the main secondary winding of the output transformer in Fig. 57-
13 is a width control. This control usually has the form of a coil an inch or so long and about 3/8 inch 
in diameter. Its inductance is adjustable by a movable core. 

Increasing the inductance of the width control inductor, by turning the core farther into the coil, will 
make the picture wider and wider until the core is centered lengthwise to give maximum inductance. It 
would be rather natural to assume that disconnecting this added inductor from the transformer secondary 
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would make the picture very narrow. Yet if you do disconnect one end of the width control coil from the 
transformer winding the picture will be wider than with any setting of the core in the control uni:. The 
reason is something for you to figure out. It will be explained later, when we consider this and all other 
types of width controls and their adjustment. All that you need do to solve the problem is remember what 
happens to inductance and to inductive reactance when inductances are in parallel. 

lieturring once more to Fig. 57-13, notice the coil-capacitor combination marked Linearity Controls. 
Then follow the path of direct electron flow through the output amplifier and to the connection for B-plus 
from the power supply at the lower right-hand corner of the diagram. From ground (B-minus)the flew is to 
the amplifier cathode, through this tube to its plate, through the lower section of the primary winding of 
the output transformer, thence through the coil of the linearity controls to the cathode of the damper tube, 
through this tube to its plate, and then through the transformer secondary and deflecting coils to B-plus. 

We are assuming that 400 volts positive potential is available from the B-supply of the receiver. This 
potential goes to the damper tube. The damper is conductive during the greater portion of every horizontal 
deflection cycle. The alternating deflection voltage is rectified by the damper tube, and the rectified 
voltage is added to the B-plus voltage from the regular power supply. The combination is a pulsating 
direct voltage. The coil of the linearity control and the capacitors between this coil and the deflecting 
coil circuit on the B-plus side act much like the choke and capacitors in the filter of an ordinary power 
supply, they partially smooth the pulsations coming from the damper tube. Then we have on the end of 
the linearity control coil that is connected to the output transformer primary a voltage about 100 volts 
higher than that from the regular B-plus line. 

The energy removed from the deflecting circuit for the primary purpose of stopping oscillations is con-
verted into additional positive voltage applied through the transformer primary to the plate of the output 
amplifier. This is called the booster action of the damper circuit. The boosted positive voltage is used 
also for plates and screens of other tubes in the receiver. 

The primary purpose of the linearity controls is not to smooth the boosted positive voltage but to help 
obtain linear horizontal deflecting currents. A linear sawtooth current is one that changes at a uniform 
rate from the end of one retrace to the beginning of the next retrace, it is a current for which this portion 
of the waveform would be a straight line. A linear sawtooth current deflects the electron beam at uniform 
velocity all the way from left to right across the screen, and objects and outlines of the pictures are dis-
tributed in precisely correct relative positions or just as they are distributed in the original televised 
scene. 

If there is curvature or wavering along the portion of the sawtooth wave that should be linear there will 
be any of a wide variety of distortions in reproduced pictures and patterns. The subject of linearLy, how 
it is caused and how corrected, is much too extensive to get into right now, but it will come later. 

In the horizontal sweep section which has been examined all the many functions have been carried out 
with particular parts and circuits. Nearly all these things may be done also in one or more other ways. 
In lessons immediately following we shall look at the other ways, and for all the methods to be studied 
we shall learn how service adjustments are tc be made. 
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In order that television receivers may sell at prices within the reach of millions of people there 
must be mass production, using parts of usual commercial tolerances. \\ hen such receivers come off the 
factory line they require alignment and other adjustments to compensate for normal variations in their 
parts and circuits. This is the first reason for providing so many adjustable capacitors, inductors, and 
resistors. 

Even though a receiver were to be in perfect operating condition when leaving the factory it would not 
continue so. Parts and their connections are sure to be affected by jolts and jars and other "accidents". 

There will be inevitable changes in the characteristics of all the tubes and of many other circuit com-
ponents, due to continued use and the natural processes of aging. This is the second reason for providing 
so many adjustments, so that you may bring back the original perfection of performance when trouble 
occurs. 

So far in our work we have looked at many of the adjustments provided in tuners, i-f amplifiers, and 
video detector circuits, but as yet have not learned how these adjustments are to be handled when ser-
vicing a receiver. 14 have examined contrast and brightness controls, and have learned how each affects 
the other when their adjustment is changed. We have looked at hold controls and at frequency controls 
for afc systems in sweep oscillator systems, and have learned how most of them should be adjusted. 

But still to be considered are all the various operating principles and methods of making service ad-
justments for focus, for vertical and horizontal centering, for vertical and horizontal size ( height and 
width), for peaking, drive, and for linearity. Dte shall commence working on this list by considering the 
matter of focusing. 

If there is to be good definition and clarity of detail in reproduced pictures, the electron beam must be 
\iiade of such small diameter as to produce the smallest possible spot or narrowest line of light on the 

picture tube screen. This is accomplished by focusing the beam. Focusing is needed to counteract the 
natural tendency of the beam to spread out and form a large irregular spot of light on the screen. The 
beam tends to spread because all its electrons are negative. Negative charges repel one another and try 
to get as far apart as possible. 

There are two basic methods of focusing now in use. One method utilizes differences of potentials on 
elements inside the picture tube. The different potentials cause electrostatic fields to appear between 
them, and the fields act to focus the electron beam. This is electrostatic focusing. 
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The other method utilizes direct current in an electromagnetic coil, or uses a permanent magnet, or a 
combination of electromagnet and permanent magnet to produce a magnetic field that focuses the beam. 
This is electromagnetic focusing or magnetic focusing. 

Picture tubes designed for electrostatic deflection are constructed with the internal elements required 
for electrostatic focusing. This method of focusing may be used also in tubes operated with magnetic 
deflection. However, the great majority of picture tubes operated with magnetic deflection are designed 
also for magnetic focusing. 

ELECTROSTATIC FOCUSING. Fig. 58-1 is a sectional drawing showing the arrangement of elements 
inside an electrostatic deflection tube commonly used in television receivers. At the left is the cathode 
shell which supports the electron emitting material. Inside the cathode shell is the heater. Almost com-
pletely surrounding the cathode is the control grid. Just to the right of the control grid is a cylinder that 
is the first section of a multi-section element usually called anode 2, or sometimes grid 2. 

To the right of the first section of anode 2 is a disc-shaped element called anode 1. This is the fo-
cusing electrode. Then conies a short cylinder mounted on another disc to form the second section of 
anode 2. This is followed by two pairs of deflectingplates, used for horizontal and vertical deflection. A 
disc between the plates is the third section of anode 2.0n the outer edge of this disc are thin flat springs 
that make contact with a conductive coating on the inside of the glass of the tube envelope. This conduc-
tive coating acts as still another section of anode 2. 
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Voltage on anode 2, with reference to the cathode, is the highest applied to the tube, usually something 

between 4,000 and 6,000 volts. This high voltage acts on the electrons all along their path from cathode 
to screen, and accelerates them to very great velocity. Voltage on anode 1, the focusing electrode, usual-
ly is somewhere between 1,000 and 2,400 volts. The electron beam, and how its diameter is altered by 

changes of element voltages, is shown by broken lines in Fig. 58-1. 

Between the first cylindrical section of anode 2 and the opening through anode 1 the electrons are 
moving through an electrostatic field between high and relatively low potentials. In such a field the 
electrons are forced to converge toward the center or toward the lengthwise axis of the tube. This con-
verging action is so great that were the electrons to continue toward the axis they would all come to a 
point of focus only a little beyond the opening through anode 1. 

In traveling from anode 1 to the second section of anode 2, the electrons move through a field between 

low and high potentials. Such a field causes the electrons to diverge from the axis, or to spread out. 
The divergence is enough to prevent the electrons from coming to a focus point within the elements, and 
to bring them to a sharp focus on the screen of the tube. 
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Fig. 58-2. Circuits that control focusing and centering for an electrostatic picture tube. 
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The beam is brought to a sharp focus on the screen by varying the ratio of voltages on anodes 1 and 2. 
In practice, the voltage of anode 2 remains constant while voltage on anode 1 is varied by means of the 
focusing control. Fig. 58-2 shows the usual method of obtaining adjustable voltage for focus control of 
an electrostatic picture tube. This diagram shows not only the focus adjustment, but also all other con-

nections between the high-voltage rectifier of the power supply and elements in the picture tube. The 
complete diagram is shown because it is difficult to follow the drops of voltage without seeing all the 

connections. The centering controls which are in this power supply system will be explained later. 

The highest positive voltage is at the filament of the high-voltage rectifier. The two centering control 
resistors are in parallel with each other, and there is a drop of voltage through them, from a to b. From a 
point midway along the upper (vertical) centering control resistance a connection goes to anode 2 of the 

picture tube. Consequently, the potential on anode 2 is very nearly as high as at the rectifier. 

From the low-voltage side of the centering control resistances, at b, a line goes to point, which is 
followed by a string of several resistors totaling nine or ten megohms. Then follows the focus control 

potentiometer whose slider connects to anode 1 in the picture tube. Voltage drop from point c to the con-
trol slider is the difference between voltages or potentials on anodes 2 and 1. All voltages are with 
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Fig. 58-3. The principle of magnetic focusing. 
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reference to the picture tube cathode because the cathode is connected through the brightness control to 
ground and because the low end of the high-voltage divider system is connected to ground beyond the 
focus control. Circuits essentially like those shown by Fig. 58-2 are used in nearly all receivers which 

have electrostatic picture tubes. 

MAGNETIC FOCUSING. The principle of magnetic focusing is illustrated by Fig. 58-3. The focusing 
coil or magnet has the form of a short hollow cylinder with thick walls. This coil or magnet is placed 
around the neck of the picture tube just ahead of the end of the electron gun that is toward the tube screen 
and just back of the deflecting yoke. The axis through the center of the focusing coil or magnet is in 
line with the axis of the tube neck. The magnetic poles are at the front and rear of the focusing coil or 
magnet, so that lines of the magnetic field which pass through the tube neck run lengthwise of the tube 
axis, as in diagram 1. 

If an electron traveling exactly along the tube and magnet axis were to enter the focusing magnetic field 
this electron would continue along the axis, as from a to b, because an electron moving parallel to the 

lines of a magnetic field is unaffected by the magnetic force. 

But were the electron to enter the field along a path which diverges from the axis, as from a to c in 
diagram 2, the electron would be deflected at right angles to the field lines, just as with vertical and 
horizontal magnetic deflection. This right-angle deflection would force the electron to go around and 
around inside the magnet while continuing to travel toward the screen. The path followed by the electron 
would be a helix, which is the same as the path of the thread on a straight screw or bolt. The helical 
path would be in such position that once during every revolution the electron would pass through the axis 

of the focusing magnet and of the picture tube. 

Because the diverging electron is traveling at very great velocity as it goes through the focusing field 
the turns of the helical path are not so close together as in diagram 2. The electron continues flying to-
ward the screen at a great rate, with the result that the turns of the helical path are made quite long, as in 
diagram 3. But once during every turn the electron passes through the axis of the magnet and tube. This 
is true whether the electron goes around one turn or around several turiis of its helical path between the 

focusing coil and the screen of the picture tube. 

Every other electron that enters the magnetic field is forced to follow a helical path that goes through 
the magnet axis once in every turn. No matter how great or how little is the divergence of the electron 
path from the axis as the electron enters the magnetic field, the time required for the electron to get 
around one turn of its helical path remains the same. Then every electron that has arrived at any one 
point along its travel gets around to the axis at the same instant of time, because all electrons arriving at 
one point must have left the cathode at the same instant of time. This means that all electrons moving 

along together must go through the axis at the same time. 

The length of one turn of the helical path followed by an electron gets longer as the strength of the 
magnetic field is decreased, for then the right-angle deflecting force is weakened while the lengthwise 
velocity remains unchanged. If the field strength is made exactly correct, all the electrons will come to a 
small spot on the axis of the tube just as they reach the screen. Thus we have focusing of the beam. 

When the electrons of the beam leave the focusing magnetic field all of them are traveling in such 
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directions as would bring them to the center of the screen. The electrons in this focused beam then are 
deflected vertically and horizontally as they go through the deflecting yoke. But because vertical and 

horizontal deflecting forces act on all the electrons alike, all still will strike the screen at one point. 
The position of this point is determined by the vertical and horizontal deflecting forces which are acting 

on the focused beam. 

Focusing coils of the plain electromagnetic type, without any added permanent magnet, are mounted 
within a housing of iron or soft steel which helps concentrate the field lines within the tube neck while 
preventing the focusing magnetic field from reaching the deflecting yoke in such strength as to cause i ater-

action. when focusing is by means of a combination permanent magnet and electromagnetic coil the ring-

shaped permanent magnet is mounted around the outside of the coil. 

Focus is adjusted to obtain the desired small spot or thin trace line by varying the coil current and con-
sequent strength of the electromagnetic field. Normal currents for plain electromagnetic focusing coils 
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range from about 75 to 150 milliamperes. The strength of the magnetic field is roughly proportional to the 
number of ampere-turns. The required magnetic strength varies with different types of tubes. It is not 
proportional to the diameter or size of the tube face. Current for the coil in a combination focusing mag-
net is on the order of 30 milliamperes. Additional field strength is provided by the permanent magnet. 

Current for the focusing coil most often is all or part of the current which flows in the low-voltage B 
supply for plates and screens of various tubes in the receiver. A few of the many circuit arrangements 
are shown by Fig. 58-4. These diagrams show only how the focusing coil is connected into the power 

supply system, and must not be taken to indicate that this coil is located close to the power rectifier. 
The power supply filter choke and capacitors are marked F in the diagram. 

Diagrams 1 and 2 of Fig. 58-4 show focusing coils connected into the positive side of the B supply. 
How much or how little of the total plate and screen current goes through the coil is determined by adjust-
able resistors shunted across the coil or connected in parallel with the coil. Increasing this parallel 

resistance forces more of the total current to pass through the coil. The total of current through the coil 
and the adjusting resistance is affected very little by change of adjustment. This is because the com-

bined resistance of the focusing coil and paralleled resistance is only a small fraction of the plate and 
screen resistances of tubes which are in the B plus line. Any change of focusing resistance makes but 
slight difference in the total resistance and in the total current. 

Diagrams 3 and 4 of Fig. 58-4 show two of the many ways in which the focusing coil and its paralleled 
adjusting resistance may be connected into the negative side of the low-voltage power supply. At 3 the 
entire power supply current goes through the coil and its resistance to ground. At 4 the focusing coil is 
on a separate line carrying only part of the total current. 

FOCUS ADJUSTMENT. When focusing is incorrect the pattern or picture will be blurred and indistinct, 

as in Fig. 58-5. Correct adjustment for either magnetic or electrostatic focusing is carried out as follows. 

1. Turn the channel selector to a position where no transmitted signal or program is received. Only 
the raster is used for focus adjustment. 

2. Place the contrast control in its usual position for normal reception, not too high. Turn up the 
brightness control until the entire raster area is somewhat whiter than for normal reception. The bright 

diagonal vertical retrace lines will become visible, as shown by the photograph of a raster at the left in 
Fig. 58-6. 

3. Adjust the focusing control so that it becomes possible to see separated narrow horizontal trace 
lines covering more or less of the raster area. Such lines are shown at the right in Fig. 58-6, which is 
enlargement of part of the raster at the left. 

4. Try different settings of the focusing control. Usually the area of sharpest focus or most distinct 

horizontal lines can thus be shifted toward center or the edges of the raster area. The adjustment should 
be finally set so that there is reasonably sharp focus at the center and as far out toward the edges as 
possible without losing distinctness at the center. 

5. Reduce the brightness control somewhat and try the effect of again moving the focusing control to 
make sure of having the best compromise between distinctness at the center and out toward the edges. 
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Fig. 58-5. A pattern that is out of focus. 

If you encounter difficulty with a magnetic focusing system check the position of the focus coil in re-
lation to the deflection yoke. Most often the space between the front (screen end of the focus coil)and 
the rear side of the yoke should be about 3/8 inch or possibly a little less. If possible, move the focus 
coil forward and back, while making readjustments of the control, to get the best compromise of sharp 
lines at the center and edges. With too much separation between focus and deflecting coils it will be 
impossible to obtain distinct horizontal lines. If changing the focusing control tends to rotate a pattern 
or picture the coils probably are too close together. 

In moving or attempting to move the focus coil use extreme care not to strike the neck of the picture 
tube with anything hard, and under no circumstances place any pressure on the neck. It is safest to wear 
heavy goggles. Breakage of the tube will release several tons of atmospheric pressure which is acting 

on the outside of the glass, and the resulting implosion and flying of broken glass can cause serious 

injury. 

Ri 
‹,,. CENTERING. Centering means to bring the center of the reproduced picture or pattern to the center of 
t e mask opening in front of the picture tube. Whet( centering is to be secured by changing the centering 

adjustments it is essential first to see that horizontal and vertical hold controls are adjusted about mid-
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Fig. 58-6. The raster used for focusing (left) and how the horizontal lines appear when focusing is sharp(right). 

way between their positions at which the picture or pattern drops out of synchronism. Otherwise the move-
ment of the picture or pattern with correct adjustment of the hold controls may throw it too far off center. 

The picture or pattern may be too low in the mask, or it may be too high as shown by diagram 1 in Fig. 
58-7. The position may be too far to the right, or to the left as in diagram 2. The picture or pattern may 
be off center both horizontally and vertically at the same time, as in diagrams 3 and 4. 

ELECTROSTATIC CENTERING. In Fig. 58-2 were shown centering controls together with other parts 
of the high-voltage circuits for an electrostatic picture tube. The parts of that diagram which enter into 
the control of centering are shown by themselves in Fig. 58-8. 

The deflecting plates numbers 1 and 2 in the picture tube are used for vertical deflection. To them are 
applied the opposite-phase sawtooth voltages from the vertical sweep amplifiers or the vertical sweep 
oscillator. Deflecting plates numbers 3 and 4 are used for horizontal deflection, with these two plates 
receiving the sawtooth voltages from the horizontal sweep amplifiers or oscillator. The four deflecting 
plates are farthest from the electron gun and closest to the screen of all the picture tube elements. Con-
sequently, to maintain high velocity of electrons in the beam, these deflecting plates must be at high volt-
age. They are connected through the centering controls to the positive output of the high-voltage rectifier. 

Vertical deflecting plate number 2 is connected to a center tap on the vertical centering control po-
tentiometer. Potentials on the left of the tap are relatively positive, and those on the right are relatively 
negative with respect to the tap and to deflecting plate 2. The other vertical deflecting plate, number 1, 
is connected to the slider of the vertical centering control. If the slider is moved to the left of the tap, 

plate number 1 is made more positive than plate number 2, and the electron beam is drawn over toward 
number 1. This shifting of the beam merely establishes a new average position. The beam still is de-
flected up and down from this average position by the sawtooth voltages. If the slider is moved to the 
right, plate number 1 is made negative with reference to plate 2, and the average position of the beam is 
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Fig. 58-7. Incorrect centering of patterns. 

shifted toward plate 2 or away from plate 1. Since deflections are equal above and below the average 
position of the beam the entire picture is moved up or down on the screen by moving the slider of the cen-

tering control. 

The effect of the horizontal centering control on horizontal deflecting plates numbers 3 and 4 is similar 
to that described in the preceding paragraph, except that the horizontal control moves the average position 
of the electron beam to the left or right, closer to plate 3 or else closer to plate 4. Thus the entire pic-

ture may be shifted sideways on the screen of the picture tube. 
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Fig. 58-8. Connections for centering controls on an electrostatic picture tube. 

The tap connection on the horizontal centering control is closer to one end than to the other. As a 
result there is a greater voltage drop from the positive end to the tap than from the tap to the negative 
end. The two voltage drops then match the drops on opposite sides of the tap in the vertical centering 
control. In that control there is more voltage drop on the positive side because this side is carrying the 
additional current for anode number 2 in the picture tube. It is desirable to have equal voltage drops in 
corresponding sides of both controls so that both will have about equal effects on picture position as the 
sliders are adjusted. 

C.)IAGNETIC CENTERING. Centering with picture tubes having magnetic focusing most often is accom-
plished by tilting the focus coil or magnet up, down, or sideways as may be required. The action is much 
as though the focus coil were aiming the electron beam or the picture at the screen of the picture tube, 
and as though tilting the axis of the coil were causing the picture to fall at different positions on the 
s creen. 

The focus coil is mounted or supported in some manner which allows tilting of its axis with reference to 
the axis of the picture tube. There are many variations in mechanical details of the mountings. Unless 
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you already are familiar with the construction of a receiver being worked on it is necessary to make a pre-

liminary examination of the screws, nuts, and levers, paying especial attention to screws or studs which 
pass through elongated slots instead of through round holes only large enough to take the screw or stud. 
Such slots are intended to permit movement of the coil or the coil support one way and another along the 

length of the slot. 

In Fig. 58-9 the deflecting yoke is carried in a bracket extending upward from the chassis, with the 
forward end of the yoke against the flare or cone of the picture tube. The focus coil is carried by a rear-
ward extension of the yoke bracket. On opposite sides of the shell of the focus coil are attached threaded 
studs which extend outward through lengthwise slots in the bracket. Wing nuts and washers hold the coil 
housing in position. 

With the wing nuts loosened on the studs the top and bottom of the focus coil may be moved forward or 
back to tilt the axis up or down, with the studs acting as pivots. It is possible also to move either or 
both sides of the coil housing forward or back, to shift the coil axis toward the right or left. The entire 

coil ny be moved forward or back to place it the correct distance from the yoke. 

With the construction of Fig. 58-10 the yoke and focus coil again are carried by a bracket mounted on 

Fig. 58-9. The deflection yoke is immediately back of the picture tube flare. The focus coil is carried 
by the bracket that supports the yoke. 
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Fig. 58-10. A focus coil supported by adjusting screws and springs that allow centering of the picture. 

the chassis. On the housing of the focus coil are ears or lugs through which pass long screws that thread 
into the stationary part of the supporting bracket. Between the lugs and the bracket are small coiled 
springs placed around the screws. These springs push the focus coil away from the stationary bracket to 
a distance determined by how far the screws are turned into their threaded holes in the bracket. 

There are only the three adjusting screws which you can see in the picture. Turning the middle screw, 
the one closest to you in the picture, will move its side of the focus coil forward or back and will tilt the 
beam accordingly. When you tighten one of the two screws that are opposite each other, and loosen the 
second one of this pair, the beam is tilted in a direction at right angles to the direction of tilt secured 
with the single screw on one side of the housing. Turning all three screws equally forward or backward 
will rmve the focus coil closer to or farther from the deflecting yoke. 

Other mountings are of the gimbal type, such as used on marine compasses to keep them level no matter 
how a ship may tilt. The focus coil is held within two rings. There are pivots on opposite sides of both 
rings, and the pivots in one ring are at right angles to those in the other ring. The focus coil may be 
tilted into any desired position, where it is held by tightening wing nuts on the pivot studs. Sometimes 
the focus coil is in supports that allow movement, but which have considerable frictional resistance to 
such movement. Then the coil may be moved by a long lever or handle attached to its housing. 
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The picture on the screen will not move in the same direction that the axis of the focus coil is tilted. 
When the coil is moved to tilt its axis straight upward or downward with reference to the axis through the 
neck of the tube the picture will shift diagonally at the same time it shifts up or down. Tilting the coil 
axis to the left or right will move the picture diagonally as well as sideways. By noting the direction of 
picture movement as the coil is tilted one way and the other it is easily possible to bring the picture to 
any desired position on the screen. 

Although the focus coil axis is intentionally tilted to center the picture, the center of the opening 
through the coil must be and must remain on the axis of the picture tube. If the picture tube is tempor-
arily removed, and you look lengthwise through the openings of the focus coil and the deflecting yoke 
these openings should be in line. The center of the focus coil must not be higher or lower nor to one 
side or the other from the center of the tube. If the focus coil is not so positioned with reference to the 
axis of the picture tube it may be impossible to secure correct centering without having black shadows at 
one or two corners of the picture. These shadows are caused by the electron beam striking the neck of 
the tube where it joins the flare or cone, rather than having free passage to all parts of the screen. In 

rare cases it may be necessary to slightly rotate the picture tube around its OWD axis or the axis of the 
neck in order to get rid of corner shadows. 

0 In order that there may be freedom from corner shadows, also to allow good focusing, it is essential 
that the deflection yoke be as far forward as it can be moved, or right up against the flare or cone of the 
picture tube. Forward and back movement of the yoke usually is allowed by lengthwise slots through 
which pass screws or studs that hold the yoke on its bracket. These adjustments are visible on the yoke 
mounting in Fig. 58-10. In some receivers the large bracket that carries the yoke and focus coil has 
lengthwise slots for the screws holding this bracket on the chassis or other support. Then the bracket 
and all coils may be moved together while the screws are loosened. 

Centering in some receivers having magnetic deflection picture tubes is accomplished by a magnetized 
steel ring supported between the back of the deflecting yoke and the front of the focus coil, surrounding 
the neck of the picture tube. This centering ring is mounted so that it may be raised or lowered, or moved 
sideways. Moving the ring up or down shifts the picture horizontally, to one side or the other, while 
moving the ring sideways shifts the picture vertically, up or down. Rotating the magnetized ring has very 
little effect on picture position or centering. 

Another magnetic centering device makes use of a magnetized -steel ring having a small air gap at one 
point. This ring is supported on the rear end of the deflecting yoke. The ring is carried by a mounting 
that allows rotation through a large part of a turn, and that allows limited movement vertically or hori-
zontally. If the gap in the centering ring is on one side or the other of the tube neck, rotation of the ring 
will shift the picture sideways. If the ring gap is above or below the tube neck, rotation will shift the 
picture vertically. When the ring is moved bodily up or down, or from side to side, it has a limited effect 
on picture position. 

Fig. 58-11 illustrates a method of centering which makes use of controlled direct currents in the de-
flecting coils. The horizontal deflecting coils are connected through the secondary of the sweep output 
transformer to a B plus point in the voltage divider system that is connected to the low-voltage rectifier 
furnishing plate and screen currents for various tubes in the receiver. The other end of the horizontal 
deflecting coils is connected to the slider of a centering control potentiometer in the voltage divider 
system. 
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More or less direct current is caused to flow in the deflection coils by the difference of potential a-
cross the two ends of the coil circuit. This steady direct current tends to give the electron beam a con-
stant deflection to one side or the other. % ith the control slider at the center of its range the focus coil 
or magnet is adjusted for correct centering. Thereafter, should the picture move off the horizontal center 
position, adjustment of the control potentiometer will vary the steady direct current and shift the picture 

in a direction to center it. The steady direct current for centering is in addition to the sawtooth current 
for deflection. 

Vertical centering is similarly adjusted. The vertical centering potentiometer has a tap that is con-
nected to one end of the deflecting coil circuit, while the other end of the coil circuit is connected to the 
control slider. Movement of the slider to tine side or the other of the tap varies the amount and the polarity 
of steady direct current sent through the deflecting coils. Thus the picture may be shifted either up or 

down on the screen. The centering current is, of course, in addition to the sawtooth deflecting current 
in the coils. 

SKEIi OF PICTURES. If the entire picture or pattern is twisted obliquely, so that the sides are not 
vertical and so that the top and bottom are not horizontal, the fault may be described as skewing. There 
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Fig. 58-11. Connections for centering by means of variable direct current in the deflecting coils. 
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Fig. 58-12. Skewing of a pattern. 

is skewing in Fig. 58-12, as is evident from the fact that lines which should be vertical are oblique and 

those which should be horizontal are oblique. 

Skewing is corrected with an electrostatic picture tube by loosening the mountings and rotating the tube 
bodily to square the picture or pattern with the opening in the mask which is on the cabinet in front of 

the screen. 

Viith a magnetic deflection tube the skewing is corrected by loosening the nut or nuts which hold the 
yoke in its position in the supporting bracket, then rotating the yoke to make the picture or pattern square 

with the mask. Heavy goggles and gloves must be worn when handling the picture tubes, as personal pro-
tection in case of breakage. An electrostatic deflection tube may be rotated while a picture or pattern is 
being reproduced. A magnetic deflection tube should be rotated only while the receiver is turned off. 
Otherwise there is too much danger of some part of your body coming in contact with one of the high-

voltage leads in the anode circuit. Shocks from this circuit are quite likely to have serious consequences. 

SIZE CONTROLS. Vertical size or height of the picture is increased by anything which increases the 
amplitude of the sawtooth voltages on vertical deflecting plates of an electrostatic picture tube, or which 
increases the amplitude of sawtooth current in vertical deflecting coils for a magnetic deflection tube. 

Horizontal size or width is similarly increased by anything which increases amplitudes of sawtooth volt-
ages on horizontal deflecting plates or sawtooth current in horizontal deflecting coils. This you would 
expect, because the distance the electron beam is deflected in any direction is proportional to maximum 
amplitude of deflecting voltages or currents. There are many ways in which these amplitudes may be 

varied to increase or decrease the picture size. 

At the left in Fig. 58-13 is shown a method of size control used with either electrostatic or magnetic 
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Fig. 58-13. A size control that varies maximum charge of the sawtooth capacitor (left) and one that varies 
screen voltage on the sweep amplifier (right). 

deflection systems and with either vertical or horizontal deflection. Sawtooth capacitor Cs charges 
through the adjustable size control resistance during the time in which the oscillator or discharge tube 
is non-conductive. The quantity of charge and resulting maximum voltage or amplitude of the sawtooth 
wave is increased with less resistance and decreased with more resistance. The effect of the changed 
sawtooth amplitude is carried on through to the deflecting plates or coils. 

At the right in Fig. 58-13 the size is controlled by varying the voltage on the screen of the sweep ampli-
fier. Greater screen voltage increases the amplification less screen voltage decreases it. The amplitude 
of sawtooth voltage and current in the amplifier output thus is varied. In some receivers the size is 
varied by an adjustment for plate voltage on the sweep amplifier. In a few cases the amplification is 
varied by an adjustable cathode-bias on the sweep amplifier. 

Fig. 58-14 shows circuits which include a type of horizontal size control widely used in receivers 
having a flyback type high-voltage supply system for the picture tube anode. This width control consists 
of an adjustable inductor connected in parallel with or shunted across part of the turns in the secondary 
winding of the horizontal output transformer. 

The operating principle of this width control may be explained as follows. First, the greater the total 
inductance in the transformer secondary winding the greater will be the induced emf and the greater will 
be induced current in this winding and in the deflecting coils. There is greater width of picture with 
more inductance, less width with less inductance. 

When part of the secondary winding is shunted with another inductance, the width control, the combined 
inductance of the two is less than the inductance of either part alone. Therefore, any shunted inductance 
is going to reduce the total inductance in CUIII1,a, with inductance without any shunting, and picture 

width is reduced. 
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Fig. 58-14. A width control that varies the effective inductance of the output transformer secondary. 

If the inductance of the shunt (width control) is increased, there is an increase of combined or parallel 
inductance in that portion of the secondary circuit consisting of the shunt and the shunted turns of the 
main winding. Then there is an increase of total secondary inductance as compared with the inductance 
before the shunt is increased. Thus an increase of width control inductance increases the picture width. 
Conversely, a decrease of width control inductance decreases the picture width. 

Since secondary inductance is decreased by any value of shunted inductance, discognecting the width 
control inductor from the secondary winding will allow maximum inductance and will give the widest 
possible picture. This is the action that you were going to figure out for yourself when this method of 
width control was first shown in a preceding lesson. 

1 here are numerous variations or modifications of the width control that employs an adjustable inductor 
on the horizontal output transformer. Some of them are shown by Fig. 58-15. In diagram 1 the width 
control is connected across the damper end of the transformer secondary. The deflecting coils are not 
connected across the part of the secondary which carries the width control inductor. In diagram 2 the 
width control is tapped, with one side of the deflecting coils connected to the tap. In diagram 3 the width 
control inductor is connected across a separate winding on the core of the output transformer. With any of 
these circuits an increase of width control inductance increases the deflecting coil current and the picture 
size. 
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The vertical size control or height control should be adjusted so that the top and bottom of the repro-
duced picture or pattern just disappear behind the top and bottom of the mask that frames the face of the 
picture tube. The horizontal size control or width control is to be adjusted so that the opposite sides of 
the picture or pattern just disappear back of the sides of the mask. In other words, the picture or pattern 
is to be made just a little greater in both dimensions than the opening of the mask. Of course, the picture 
must be correctly centered, or the centering must be adjusted, while making settings of the size controls. 

Picture size is varied not only by settings of the size controls, but also by changes of other controls. 
Readjustment of linearity controls nearly always will change the picture size. Variation of drive controls 
will change the size. Anything that alters the high voltage applied to the anode of a magnetic p_cture 
tube or to the deflecting plates and high-voltage anode of an electrostatic tube will change the picture 
size in both dimensions at the same time. 

ç% The higher the anode voltage or electron accelerating voltage the smaller the picture will become when 
no other changes are made. This is because the accelerating voltages try to keep the electrons traveling 
along a straight path from electron gun to screen in the picture tube. The greater the accelerating voltage 
the harder the deflecting sawtooth voltages or currents have to work to bend the beam in any direction, 
and the less is the resulting deflection both vertically and horizontally. Anything which reduces the 
accelerating voltage on anodes or plates allows the deflecting voltages or currents to have proportionate-
ly greater effect on the electron beam, and the picture will become both higher and wider. 
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LESSON NO. 59 

LINEARITY, DRIVE AND DAMPING 

When a television picture has irregular twists and curves where there should be straight lines, and has 
curves that turn in the wrong directions, there is highly unsatisfactory reproduction. There are many 
possible causes for such pictures. One cause is a misshapen sawtooth current or voltage wave at the de-
flecting coils or plates. Obviously, if current or voltage in the trace portions of the sawtooth does not 
change at a constant rate, the electron beam will be forced to travel horizontally or vertically at speeds 
which vary at different points on the screen. Then parts of the picture which should be in certain po-
sitions will be advanced or retarded, and we have distortion. 

There are controls whose special purpose is to insure that horizontal and vertical deflections are at 
constant rates, so that the sawtooth waveforms shall consist of lines that are practically straight, or are 
linear. These are the vertical and horizontal linearity controls. In this lesson we shall learn about faults 
that are compensated for by these controls, and about the action of the controls and how they should be ad-
justed during service work. But first we are going to learn about the action of the damper tube in pre-
venting a form of distortion that would distort the left-hand side of pictures on magnetic deflection tubes 
were the damper not provided. 

You know that the retrace portion of the sawtooth wave must be completed within a few microseconds. 
This fast retrace is obtained by utilizing the high resonant frequency of distributed and stray capacitances 
in the deflecting coil circuit, together with its inductances. The retrace is formed by the first part of a 
cycle of oscillation at the self-resonant frequency of these capacitances and inductances. This frequency 
is many times greater than the horizontal deflection frequency. 

Oscillation is started in this manner. When plate current in the horizontal sweep amplifier is suddenly 
cut off by negative grid voltage, there is sudden collapse of the magnetic fields in the output transformer 
and deflection coils. The very fast change of magnetic field strength induces a pulse of high voltage in 
the transformer secondary winding. This pulse shocks the self-resonant circuit into oscillation. Were 
nothing done to stop it, the oscillation would continue until enough energy was absorbed in circuit re-
sistance to leave a steady current. There would be several oscillating cycles, about as shown by Fig. 
59-1, and the picture would be distorted. 

Damping action is illustrated by Fig. 59-2. Plate current in the sweep amplifier, and induced current in 
the output transformer secondary and deflecting coils, increase to the peak marked a in diagram 1. Then 



COMMERCIAL TRADES INSTITUTE 

Lesson No.59 — Page 2 

Fig. 59-1. Oscillation at the beginning of a sawtooth wave. 

there is plate current cutoff, which causes the currents to decrease to point b. The currents then go in- op-
posite polarity to point c during the first part of the first oscillation cycle7The change of current from a 

to c is the retrace portion of the sawtooth wave. 

Since the oscillatory circuit consists chiefly of the deflecting coils and the transformer secondary it is 
essentially an inductive circuit. In such a circuit the changes of voltage lead the changes of current by 
approximately 90 degrees, which is simply another way of saying that current lags the voltage in an in-

ductive circuit. 

The plate of the damper tube is connected to the oscillatory circuit or deflecting coil circuit. When 
current reaches point a in the diagram, the leading voltage has reached a value corresponding to point b. 
That is, voltage on the damper plate then is zero and is going negative. When current falls to point b the 

leading voltage has reached a value corresponding to point c. The voltage on the damper plate then is of 
maximum negative value. The negative voltage keeps the damper non-conductive while current is changing 
from a to c, during the entire retrace. The non-conductive damper has no effect on the retrace. 

But as current commences to change from c toward x, the leading voltage would be changing from x 
toward That is, the voltage commences to go positive on the damper plate. This makes the damper con-
ductive, and it acts like a low-resistance load on the deflecting coil circuit. So much energy is taken from 
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Fig. 59-2. How the oscillating current is damped. 
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the coil circuit that not enough remains to support continued oscillation. Consequently, the oscillatory 
current never does get all the way from c to x, but it dies out along the line from c to d in diagram 2. Re-
member, we are talking now about current that is due to oscillation. The deflecting coir current that is due 
to induction, or due to changes of sweep amplifier plate current and its cutoff, stops at point b. 

Before the oscillatory current dies out at point d, grid voltage on the sweep amplifier has returned from 
its strongly negative value to the value to which plate current resumes. Plate current commences to flow, 
and a new induced current appears in the transformer secondary and deflecting coils. This new induced 
current starts from e in diagram 3 and increases to f, where again there is cutoff. Point f represents the 
same instant of time in the sawtoorh cycle that is represented by point a. While oscillatory current is dying 
out as it approaches point d, the new induced current is increasing from point e. 

Of course, there are not two separate currents at the same time in the deflecting coil circuit. The dying 
oscillatory current combines with the increasing induced current and, as in diagram 4, there is a continuous 
and smooth change of deflecting current from c to f. Here we have the fast retraces due to plate current 
cutoff and the start of oscillation, and have also the smooth intervening changes which are due to damping 
of the oscillation and resumption of plate current. 

The less the effective damping resistance the faster the oscillatory current will die out, and the greater 
this resistance the longer it will take. Part of this resistance is the internal plate-cathode resistance of 
the damper tube. Opposition to flow of damper current is varied also by all resistors, inductors, and ca-
pacitors that are connected into the plate or cathode circuits of the dampei. All such circuit elements af-

A 
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fect linearity, because they help determine the rate at which oscillatory current dies out and they help de-
termine whether the oscillatory and induced currents combine to produce a smooth change at and near the 
center of the trace portion of the sawtooth wave. 

Most damper tubes are types originally designed as power rectifiers. Quite commonly used are the 
6174-CT half-wave rectifier and the 5V4-3 full- wave rectifier. Two-element rectifier type dampers,which 
may be either of these types, have been shown in the various diagrams of deflection circuits. 

The damper tube sometimes is a twin triode (6AS7-'3) especially designed for this purpose. Fig. 59-3 
shows one method of using this twin triode. Plates, cathodes, and grids are connected in parallel with 
each other. Small resistors in series with the grids help prevent sustained oscillation. Voltage applied 
to the grids is secured from the plate-cathode circuit. The time constant of the grid circuit may be varied 
by the adjustable linearity control resistor, thus altering the time of damper conduction and the internal re-
sistance of the tube. In some receivers the cathode resistor Rk also is adjustable to provide an additional 
linearity control. The triode damper is not widely used at the present time. 

i)arnper tubes such as have been described are used in horizontal sweep circuits. In vertical sweep 

circuits sufficient damping to prevent self-resonant oscillation in the deflecting coils is provided by con-
necting resistors of a few hundred ohms across each of these coils. The resistor currents absorb enough 
energy to prevent oscillation. Damping resistors have been shown in 'some of the earlier diagrams. 

LINEARITY 
CONTROL 

Fig. 59-3. Connections for a twin-triode damper tube. 
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Fig. 59-4. Circles, lines, and wedges such as found in test patterns. 

LINEARITY. Linearity or lack of it is best checked while receiving a test pattern transmitted by a 
television broadcasting station. Most stations transmit their own designs of test patterns which carry the 
call letters and channel number. There is a rather wide variety in patterns from different stations, but 
most of them consist of lines, circles, and shadings on the general order of those shown by Fig. 59-4. The 
station pattern usually is transmitted for a greateo or less length of time preceding regularly scheduled 
programs, and sometimes between programs. 

The designs on test patterns allow identification of many faults in receiver operation. So far as checks 
of linearity are concerned the circles should be truly circular, not egg-shaped, not partially squared off, nor 
otherwise of irregular form. The straight lines should run symmetrically, not in odd directions. The center 
of the test pattern should be centered between top, bottom, and sides of the illuminated raster area. The 
pattern should be symmetrical in all parts, with equal spacings between similar details above and below 
the center, and to the left and right of the center. When these requirements are satisfied there is linear re-
production. Even though they are not perfectly satisfied, the actual moving pictures reproduced during 
normal reception will be entirely satisfactory to nearly everyone. 

Controls or adjustments for linearity will correct for faults mentioned in the preceding paragraph, but 

there are other distortions which must be corrected with other controls. For example, an effect such as 
shown at 1 in Fig. 59-5 is not due to poor linearity, it is due to too much vertical size or height. Circles 
have become ovals, but they are well shaped and symmetrical ovals. At 2 is shown one effect of poor 
vertical linearity. Circles have become egg-shaped, pointed toward the top. The center of the pattern now 
is below the center of the mask opening or below the center of the raster area. 
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Fig. 59-5. Defects which may appear in reproduction of test patterns. 
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At 3 in Fig. 59-5 is shown the effect of too much horizontal size or width. Again the circles have be-
come symmetrical ovals. One kind of poor horizontal linearity is illustrated at 4. The circles have be-
come egg-shaped, pointed toward the left. The center of the pattern is displaced toward the right in the 
raster. Stretching of the pattern which is shown on the left-hand side in diagram 4 might be on the right, 
with compression on the left. Stretching shown at the top of the pattern in diagram 2 might be atthebottom. 

An effect such as shown by diagram 5 seldom if ever results from incorrect adjustment of linearity 
controls. More often this distortion is due to too little gain, as from setting the contrast control too low, 
or it may be due to a defective video amplifier tube or to other defects in the video amplifying system. 

3 GRID BIAS FOR LINEARITY. Our difficulties in maintaining linearity commence with charging of the 
sawtooth capacitor. When voltage is applied to a capacitor and resistor in series with each other the ca-
pacitor does not charge at a uniform rate. The charge and the capacitor voltage increase in relation to 
time as shown by the curve at the left in Fig. 59-6. The amount of series resistance affects only the length 
of time required to reach any certain percentage of full charge. The curve showing charge versus time 
never can be made a straight line. 

The non-uniform rate of increase in sawtooth capacitor voltage would cause a similarly non-uniform 
shape of the trace portion of the sawtooth voltage wave. This distortion of sawtooth waveform is held 
within reasonable limits by using only the first part of the charging curve, as from a to b in the diagram. 
That is, discharge and retrace begin when capacitor charge has increased only to point b, and before the 

charging curve commences to bend over more sharply. 
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Fig. 59-6. Rate of change of capacitor charging voltage ( left) and compensating curvature of amplifier 
transfer characteristic (right). 
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The sawtooth capacitor voltage is applied to the grid of the sweep amplifier. If the amplifier is oper-
ated on a straight portion of its grid-voltage plate-current transfer characteristic the curvatureofsawtooth 
voltage will produce a corresponding non-uniform plate current. But if the amplifier is so biased that the 
sawtooth voltage changes fall on a curved part of the transfer characteristic, as between a and b at the 
right in Fig. 59-6, the opposite curvature of the characteristic will correct for all or most of the non-uni-
formity of sawtooth voltage. Then amplifier plate current will vary at a practically uniform rate between 
minimum and maximum. 

Since the sawtooth voltage ordinarily comes to the amplifier grid through a capacitor this voltage is 
alternating at the amplifier grid. The zero value of an alternating grid voltage always falls at the bias 
voltage of an amplifier. By varying the negative bias voltage on the amplifier grid the portion of the 
characteristic curve acted upon by the sawtooth voltage may be moved up or down. The bias may be ad-
justed to a value that allows compensation of sawtooth voltage curvature, or to a value which very nearly 
attains this ideal. 

When an adjustable amplifier bias is used for linearity control the biasing element usually is a variable 

E 
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ADJUST 

o 

111 
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INDUCTANCE 

MAXIMUM INDUCTANCE 

Fig. 59-7. Waveforms at input and output of linearity adjusting choke in damper cathode circuit. 
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athoda resistor bypassed by a large capacitance. This type of linearity control will also compensate to a 
greater or less extent for non-linear effects resulting from time constants in the inductive-resistive circuits 
of the output transformer and deflecting coils. As you know, magnetic fields around inductive circuits do 
not instantly increase to their maximum strength when voltage is applied. The current and the field strength 
increase at a decreasing rate which might be shown by the same curve used at the left in Fig. 59-6 to illus-
trate increase of charge on a capacitor. 

DAMPER ADJUSTMENTS FOR LINEARITY. Fig. 59-7 shows connections for a linearity adjusting indue 
tor or filter in series between the damper cathode and the primary winding of the output transformer. This 
circuit, and others generally similar, have appeared in several earlier diagrams. Typical oscilloscope 
traces taken at the damper plate or at the input to the linearity filter are shown for minimum inductance and 
for maximum inductance of the filter choke. The inductance is varied by a movable core in the choke coil. 
The voltage waveform at the filter output and at the transformer primary carries a series of pulses rather 
than being a smooth direct current. This is the B-voltage for the plate circuit of the sweep amplifier. 

As inductance of the linearity filter is adjusted one way or the other there is a shifting of the phase of 
the plate voltage pulses with reference to sawtooth grid voltage being applied to the sweep amplifier. This 
phase shift alters the plate characteristic of the amplifier and alters the waveform of the sawtooth currents 
in the plate circuit and in the deflecting coil circuit which is connected to the transformer secondary. 

Adjustment of this particular type of linearity control usually has greatest effect at the horizontal center 
of the pattern. The central circle will move a short distance toward the left or right, with accompanying 
slight crowding of the side toward which the central circle is moved and slight stretching of the opposite 
side. If a sawtooth wave of deflecting current is observed while the adjustment is altered, the middle of 
the trace portion may be seen to hump slightly upward or downward. 

In addition to the adjustable damper inductor for linearity control there may be either or both of the ad-
justments shown by Fig. 59-8. There are several taps near one end of the secondary winding in the output 
transformer. The principal reason for these taps is to allow matching the impedance of the secondary to 
the impedance of the deflecting coils in order that there may be satisfactory power transfer to the coils. 
Changing the connection from one tap to another also varies the voltage applied to die damper plate. This, 
in turn, varies the conduction through the damper and may have considerable effect on horizontal linearity. 
Too much damper plate voltage will compress the left side of the pattern or picture. Too little voltage may 
cause stretching or rippling on the left side. 

The second linearity adjustment shown in Fig. 59-8 is a tapped resistor, 11, connected between the 
damper plate and cathode. In some receivers.this resistor is continuously adjustable by means of a slider 
instead of solder lugs on the taps. This resistance damps the deflecting coil circuit at all times, but has 
its maximum effect during that portion of the sawtooth cycle in which the oscillatory current is dying away 
and before induced current has resumed. This is the part of the trace that forms the left-hand side of the 
pe/tern or picture. 

Increasing the resistance at R means less damping or less loading of the deflecting coil circuit. This 
will stretch the left-hand side of the pattern or picture while having little or no effect on parts to the right 
of the center. Less resistance increases the damping, and will contract the portion of the pattern or picture 
to the left of center. 
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Fig. 59-8. Linearity control by altering damper plate voltage and resistance connected across the damper. 

DRIVE CONTROLS. Fig. 59-9 shows connections and effects of adjusting the type of drive control that 
consists of a capacitance voltage divider across the sawtooth capacitor, with the center of the divider con-

nected to the grid of the horizontal sweep amplifier. 

The approximate sawtooth voltage waveforms applied to the amplifier grid are illustrated at the upper 
left. These are the voltages which appear across the drive control capacitor. Then this capacitor is ad-
justed to have less capacitance it has  greater capacitive reactance. lore of the total sawtooth voltage 
then is across the drive capacitor, and there is increase of amplitude in the voltage at the amplifier grid. 

C.:43 Changing the amplitude of sawtooth voltage applied to the amplifier grid causes corresponding changes 
in amplitude of sawtooth current in the horizontal deflecting coils, as shown by the current waveforms at 
the upper right in Fig. 59-8. Less drive capacitance increases the amplitude of the deflecting current, 

while more capacitance, and less capacitive reactance, decreases the amplitude of the deflecting current. 

Increasing the amplitude of sawtooth deflecting current, by using less drive capacitance, will increase 
the width of the reproduced pictures. Although there is some increase of overall width, nearly all of the 
change occurs in stretching the portion of the picture or pattern which is to the left of center. Too much 
drive capacitance, and too little capacitive reactance, will cause crowding or cramping to the left a center. 

Increasing the amplitude of sawtooth current in the deflecting coils and secondary of the output trans-
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Fig. 59-9. The effects of adjusting a capacitor type drive control. 

CURRENT ), 

former increases the amount and rate of current change during retrace periods. With a flyback high-voltage 
power supply for the picture tube anode, the strength of the voltage pulse induced in the transformer primary, 
and fed to the high-voltage rectifier, is proportional to this rate of current change. Then the greater the 
sawtooth current amplitude the higher will be the voltage on the picture tube anode. Thus it comes about 
that a decrease of drive control capacitance causes an increase of anode voltage at the same time it 
changes the linearity on the left-hand side of the picture. 

Fig. 59-10 illustrates another adjustment often called a drive control, although sometimes it is called a 
linearity control or a peaking control. This circuit was examined earlier, in connection with the subject of 
negative peaking. The adjustable unit is a resistor, usually of about 25,000 ohms, which is in series with 
another resistor of 3,000 to 10,000 ohms and with sawtooth capacitor Cs. Waveforms at the right in the 
figure show how adjustment of the drive resistance alters the peaking. There is little change in amplitude 
of the sawtooth portion of the wave, exclusive of the negative peak. 

The change of negative peaking at the grid of the sweep amplifier varies the point during a cycle at 

which this tube resumes conduction after being cut off. There are resulting changes in plate current wave-
form and in waveform of current induced in the transformer secondary and deflecting coils. The principal 
effect of misadjusting this drive control is to cause crowding on the right and stretching on the left of a 

pattern or picture. 
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Fig. 59-10. Effects of adjusting a resistance type drive control. 

LINEARITY WITH ELECTROSTATIC DEFLECTION. In electrostatic deflection systems which employ 
an amplifier and an inverter there is a certain amount of natural compensation for non-linearity. As an ex-
ample, should the trace portion of the sawtooth voltage from the amplifier show an upward curvature, this 
curvature will be inverted in the output from the inverter. If, however, there is very much distortion of the 
waveform the point in the cycle at which both voltages go through zero will come too early or too late, 
causing crowding in one direction and stretching in the opposite direction. 

0 Non-linearity may be due to unequal sawtooth voltage outputs from the amplifier and the inverter. This 
tendency is compensated for in some receivers by using an adjustable voltage divider between amplifier 
and inverter. One method is shown by Fig. 59-11, where the linearity control is an adjustable capacitor. 
Changing the capacitance and its reactance will alter the percentage of amplifier sawtooth voltage applied, 
to the inverter grid, and thus will alter the output of the inverter to match that of the amplifier. An ad-

justable resistor would be used for linearity control in a resistance type voltage divider. 

Linearity often is improved by a voltage feedback from the plate of the inverter to the grid circuit of the 
of the amplifier. The connection may be made as in Fig. 59-12, through a filter circuit consisting of ca-
pacitors and a resistor. In other cases the feedback may omit the series capacitor, using only the series 
resistor and the capacitor to ground, or there may be only a series resistor of several megohms. If the 
strength of feedback voltage is adjustable we have a service contrcl for linearity. One such control is 

shown by the circuit diagram of Fig. 59-13. 



Fig. 59-11. Adjustable voltage divider 
for linearity control. 
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Fig. 59-12. Voltage feedback for linearity control. 

ADJUSTMENTS FOR LINEARITY. Should you examine the reproduction of transmitted test patterns on 
receivers which are delivering pictures of quality pleasing to the average observer, you would find that 
many of the patterns are not linear. Perfect linearity is difficult to attain, and in most cases it would call 
for a servicing charge greater than most set owners are willing to pay. 

When you undertake the adjustment or control of linearity you should begin with checking certain other 
controls. First, operate the contrast control and leave it at a setting not so high as to cause picture dis-
tortion. Try turning the contrast higher and lower, and leave it somewhat below the point at which dis-
tortion appears. 

Next, operate both the vertical and the horizontal hold controls. Leave these controls set at points 
about midway between positions at which the picture or pattern drops out of synchronism, or at which it 
pulls back after synchronism is lost. Leave the hold controls where slight rotation in either direction does 
not cause dropout. Make certain that the horizontal hold control is not set at a position where it causes 
twisting or curving of vertical lines which should be straight. 

Do not attempt to make linearity adjustments while receiving pictures in which there is movement. Work 
only while receiving a regularly transmitted test pattern or while using one of the special signal gener-
ators that furnish line patterns suitable for checking linearity. If there is more than one adjustment 
marked for horizontal linearity or for vertical linearity, try the effects of moving each one a little ways 

back and forth. Note the parts of the pattern that are most affected by each adjustment. 

Linearity controls and drive controls always must be adjusted during the same operation. Both of them 
affect linearity, and what you accomplish with one may be nullified or at least altered to a greater or less 
extent by adjustment of the other. Both linearity controls and drive controls affect picture width or picture 
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Fig. 59-13. Adjustable linearity control used with electrostatic picture tubes. 

height, depending on whether you are working with the horizontal or vertical controls. Therefore, these 
size controls always will require readjustment when you make changes of linearity or drive settings. It is 
also quite possible that centering controls will require readjustment after you obtain satisfactory linearity. 

Linearity adjustments such as shown by Fig. 59-8 should be changed only in case it is impossible to ob-
tain a satisfactory pattern by continued adjustment and re-adjustment of other linearity controls and drive 
controls. Any change of resistance across the damper tube, or a change of damper plate voltage, will re-
quire complete readjustment of the other linearity controls. 

You may be able to obtain excellent linearity with a test pattern from one station or on one channel, and 

much less satisfactory from other stations or channels. Do not conclude that non-linear test patterns are 
being transmitted. The fault most probably is due to unequal strengths of received signals, or to lack of 
equal receiver sensitivity for different channel settings, or to misadjustments of tuner circuits. The best 
that can be done is to make linearity adjustments giving the best compromise on all channels which it is 
possible to tune. 

ADJIISTMENTS FOR DRIVE. Capacitor type drive controls in some receivers having flyback high-
voltage systems may be adjusted to cause excessively high voltage at the picture tube anode and excessive 

plate current in the sweep amplifier. That is, the drive may be adjusted for so little capacitance and such 
high capacitive reactance that voltage and current ratings of the picture tube and output amplifier will be 
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exceeded. Manufacturers of receivers in which this is possible usually recommend that the drive control be 
adjusted only while measuring the resulting voltage at the picture tube anode. Because of the very high 
anode voltage and the danger of shock you should not attempt such measurements until suitable methods 

and precautions have been discussed in a later lesson. 

Drive control capacitors usually are of the trimmer type with which capacitance is increased by turning 
the adjusting screw clockwise or to the right, which forces the capacitor plates closer together. Turning 
the screw to the left, or loosening it, reduces the capacitance and increases the amplitude of sawtooth 
voltage applied to the grid of the sweep amplifier. With these compression type trimmer capacitors, by far 
the greater part of the possible change of capacitance and possible adjustment range is obtained during the 
first outward turn of the screw from the position at which the capacitor plates are forced closest together. 
Therefore, you should change the drive control adjustment very slowly and only a very little at a time. 

With the drive control capacitor screw turned all the way in, for maximum capacitance, the picture or 
pattern will be much too narrow and there will be crowding on the left-hand side. The pattern probably will 
be fuzzy, and brightness will be far below normal. As the adjustment is changed for less and less capaci-
tance the brightness will increase, the picture will become wider, and the left-hand side will expand. The 
correct position for drive adjustment is where you obtain the best balance betw,een opposite sides of the 
picture and have satisfactory brightness with the brightness control set about midway in its adjustment 

range or slightly above this point. 

Too little capacitance in the drive control may cause some crowding of the pattern on theright-hand side 
and there may be excessive brightness. Vertical bright lines or bars one-fourth to one-half inch wide may 
appear just to the left of the pattern center, or possibly the pattern may appear to be folded on itself along 

a vertical line. The bright bars or the foldover effect may appear when you make readjustments of line-
arity àhd width controls after having made a preliminary setting of the drive control. In this case the bars 

or lines should be removed by adjustment of the drive control, even though they seemed to result from 
changes of linearity or width controls. 

The drive control of Fig. 59-10, which consists of an adjustable resistor in series with the sawtooth 
capacitor, is adjusted in much tile same general manner as the capacitor drive control. More resistance 
causes more peaking, and higher voltage at the picture tube anode when the high-voltage power supply is 
of the fly-back type. In receivers using this type of drive control there is little if any danger of causing 

excessive anode voltage. 

The resistance type drive control should be adjusted so that the pattern is well balanced on both sides, 
not crowded on either the left or right. As a general rule the control is set for maximum resistance with 
which there still is good balance or good linearity in a horizontal direction. This will allow picture tube 
anode voltage high enough for satisfactory brightness. 

PICTURE ENLARGEIIENT. Some receivers allow the picture to be enlarged, when desired, by oper-
ation of a switch that is accessible to the user. This switch may be manually operated or it may be oper-
ated electrically by means of a relay connected to a remote control push button at the end of an extension 
cord. When the picture is enlarged the outer parts disappear as they move beyond the limits of the screen, 
but the central part becomes both wider and higher. 
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Fig. 59-14. Switching methods used for temporary enlargement of the picture. 
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At first thought it might seem necessary to provide switching only for the width and height controls. 
But, as we have just learned, these controls interact with many others. Increase of width and height may 
require simultaneous changes for any or all of the controls for linearity, drive, hold, brightness, focus, and 
centering. The changes which provide enlargement must not alter any of the settings or adjustments that 
control the picture when of normal size. Consequently, dual control elements must be provided and there 
must be separate adjustments for each of them. 

The exact methods used for enlagerraent vary with the different electrical designs of different receivers, 
or with the types of controls that are employed for normal picture size. Fig. 59-14 shows some of the dual 
controls that are employed. Either height or width may be changed with a two-position switch such as 
used in diagram L The sawtooth capacitor is charged through one of the adjustable resistances for normal 
picture size, and for enlargement is charged through the other resistor which is adjusted for less resistance 
to allow increased sawtooth amplitude. Diagram 2 shows another method of changing the charging resis-
tance in series with the sawtooth capacitor. Size is increased by closing the switch to place the two 
charging resistances in parallel and thus reduce their combined resistance. 

Diagram 3 shows several methods for increasing picture width. Closing switch a in the line to the 
sweep amplifier screen shorts out part of the series voltage dropping resistance. This increases ampli-
fication in the tube. Men switch b is moved upward from the normal size position in which it is shown 
one end of the width control inductor is disconnected from the secondary of the output transformer to allow 
maximum width. This switch also closes a connection to a capacitor, which thus is connected across part 
of the secondary winding. The effect of the capaCitor is to decrease the flyback voltage applied to the 
picture tube anode. Less anode voltage allows the deflecting magnetic fields to have greater bending 
effect on the electron beam and to cause greater deflection both horizontally and vertically. This re-
duction of anode voltage also helps compensate for the increase that would be brought about by raising the 
amplifier screen voltage. 

Diagram 4 of Fig. 59-14 shows a dual control for vertical linearity. One of the adjustable cathode bias 

resistors is used for normal picture tube size. Closing the switch places the two adjustable resistors in 
parallel to reduce their combined resistance. Diagram 5 shows connections of dual resistors for a re-
sistance type drive control. Two sawtooth capacitors of different values are each in series with one of the 
adjustable drive resistors. The switch places either one or the other of the capacitor-resistor combi-

nations in circuit. 

If hold controls are to be varied, a switch is arranged to short circuit part of the hold control resistance 
used for normal picture size. If brightness is to be varied, there will be a switch that short circuits part 
of the brightness control resistance when the picture is to be enlarged. This reduces the negative bias on 
the picture tube grid. A change of focus would be compensated for by a switch that varies the current in 
the focus coil. All switch elements required for changing the picture size in any given application are 
parts of a single unit, and all are operated together by the control knob or relay. 

With the control switch unit in its position for normal picture size all adjustments are made in the usual 
way. Then the switch is changed to its position for enlargement and all the auxiliary controls are adjusted. 

CONTROL ADJUSTMENTS. It is time to take stock of all the control adjustments that have been ex-
amined in recent lessons. They are listed in the accompanying table. In most receivers three types of 
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controls are accessible to the operator, for use during reception. The other seven are service adjustments. 
Some of the service adjustments ordinarily are found only in horizontal sweep systems. Others are used in 
both the horizontal and the vertical sweep sections. Some service adjustments are needed only with mag-
netic deflection picture tubes. Others are needed whether the picture tube is of the magnetic or the elec-
trostatic type, although the adjustment or control methods will be different for the two kinds of tubes. 

If you count the X's on the lines for service controls you will find that twenty varieties have been ex-
amined up to this point in your studies. How much can you recall about each one9 

For instance, when thinking about size controls do you remember that size may be changed by varying 
the sawtooth amplitude, by varying gain of the sweep amplifier tube, by using an adjustable inductor on the 
secondary of the output transformer, and so on9 Unless you have a rather clear idea of how each of all 
these listed controls is intended to act, and how it should be adjusted, it is in order to check back through 

the lessons to refresh your memory. 

CONTROLS AND ADJUSTMENTS 

NAME OF CONTROL 
ADJUSTED 
DURING 

SWEEP 
Hot. 

SYSTEM 
Vert. 

PICTURE 
Magnetic 

TUBE 
Ele ctro static 

1. Contrast Operation 

2. Brightness Operation 

3. Hold Operation \ X 

4. Frequency, afc systems Service X X 

5. Size Service X X X X 

6. Focus Service X \ 

'. Center Service X X \ X 

8. Skew Service X \ 

9. Linearity Service X X N \ 

10. Drive Service X X 
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We have brought the picture and sync signals, or voltages resulting from these signals, all the way from 
the antenna to the picture tube. Various important features relating to performance of picture tubes have 
been discussed. Now we shall examine the construction, the electrical and light emitting characteristics, 
and various accessory parts which relate to these tubes. 

Television picture tubes may be classified in various ways. Considering first the materials used for en-
velopes we have either all-glass construction or else have metal cones or shells combined with glass face-
plates and glass necks. Second, from the standpoint of screen shape there are round tubes and rectangular 
tubes. These physical characteristics combine into four general styles; all-glass round tubes, all-glass 
rectangular tubes, round tubes with metal cones, and rectangular tubes with metal shells or flares. 

The proportions of one style of all-glass round picture tube are shown by the upper drawings of Fig. 60-1 
and those of a comparable all-glass rectangular tube are shown by the lower drawings. Dimensions on all 
drawings are to the same scale. I3oth tubes here represented are of nominal 16-inch size. 

At the top of Fig. 60-2 are shown the proportions of a 16-inch round tube with metal cone. Below are shown 
the proportions of a 17-inch rectangular tube which has a metal shell. 

Picture tubes may be classified also in accordance with methods of focusing and deflecting forwhich they 
are designed. During all the recent years in which television became widely used, the majority of receivers 
have been equipped with tubes designed for magnetic deflection by means of the usualyoke and for magnetic 
focusing by means of an electromagnetic coil. More lately we have seen many magnetic deflection picture 
tubes focused by means of permanent magnets applied in a rather wide variety of mechanical designs. 

Picture tubes constructed for electrostatic deflection and electrostatic focusing use a focusing anode 
as part of the electron gun, and have deflecting plates ahead of the gun. This type of tube has been made 
in sizes from three-inch to twenty-inch diameter. 

Some years ago quite a number of picture tubes were designed for magnetic deflection and electrostatic 
focusing. Most of these types became obsolete before the great popularity of television, hence never came 
into general use. Tubes of this general style are again being used, because they need only a focusing anode 
instead of a wire-wound focus coil containing much copper or else permanent magnets made with some of the 
rare alloy metals. 

People not concerned with technical details most often classify picture tubes according to nominal size 
in inches, which is the outside diameter of a round tube or the diagonal distance across the front of a rec-

A 
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Fig. 60-1. Proportions of all-glass round and rectangular picture tubes. 

tangular tube. 

TYPE DESIGNATIONS. The numeral or numerals which appear first in the type designations of picture 
tubes indicate the approximate greatest outside diameter of round types or the approximate distance across 
diagonally opposite outside corners of rectangular types. For example, a 24- inch round tube is about 24 
inches in diameter at the face or screen end, while a 24-inch rectangular tube measures about 24 inches 
across the diagonal at the face or screen end. 

The first number of the trpe designation is followed by a letter indicating merely the order in which 
that particular design was first registered with the RT‘R. To illustrate, we have 24- inch round tubes 
with type numbers such as 24AP4 and 24BP4. Among the 24- inch rectangular tubes are types 94CP4, 
24DP4, 24TP4, and others. 

Following the registration letter of all direct view television picture tubes are the letter P and the 
numeral 4. These refer to the type of phosphor material used on the screen. The P4 phosphor gives 
white lines or traces and is the only type phosphor used in television picture tubes. 

Following the P4combination may be another letter, usually A or B. This indicates that the tube is gene-
rally similar to an earlier type or is an improvement over an earlier type whose designation is the same ex-
cept for having no final letter. Improvements may be in the screens or faceplates, or possibly in some (caul-

A 
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Fig. 60-2. Proportions of picture tubes having metal cones or shells. 

res of performance, but tubes with and without the final letter are near enough alike to be interchangeable 
without making any circuit alterations. 

The name picture tube is used for all makes and styles. There also are various trade names, among the 
best known of which are Kinescope for RCA picture tubes and Teletron for those made by Durtlont. 

BASING ANT) CONNECTORS. All present picture tubes designed for magnetic deflection and magnetic 
focus use the same base, whose pin positions and internal connections as seen from the outside of the 
base are shown at "A" in Fig. 615-3. This base is called a small shell duodecal type. The spacing 
would allow for a total of 12 pins were all positions filled. Pin numbering begins at the left of the locat-
ing key with 1 and 2, then proceeds as though all positions were filled until coming to the last three pins 
numbered 10, 11, and 12. 

Tubes using electromagnetic deflection with electrostatic focusing use the same duodecal type base 
with the exception that an additional pin connection is added in position No. 6 for the focusing anode. 
This is shown at " iI" in Fig. 60-3. Certain electrostatic type focus tubes which, by the way, are in the 
minority, do not have an additional pin connection for this purpose, as voltage for the focusing anode is 
obtained internally from the cathode of the tube. This is illustrated at "C" in Fig. 60-3. 

()The high voltage anode of all-glass tubes attaches internally to a connector on the flare, as shown in 
Fig. 6D-1. On nearly all such tubes this connector is a recessed metal cavity about 5/16 inch in diameter 
inserted in the glass. Into this cavity pushes and snaps a spring terminal which is attached to the end of the 
anode lead. A cup- shaped insulator of soft rubber encloses the lead terminal and covers the cavity connect-
or. On a few tubes the high voltage anode connector is a small ball over which slips a spring terminal on the 
end of the high- voltage cable. The ball is recessed in a metal insert. 

A 
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Fig. 60-3. Base pin positions and connections for magnetic and electrostatic tubes. 

With metal cone or metal shell tubes the high voltage anode is attached externally to the metal. The anode 
lead or cable is fitted with a spring clip that fastens onto the outer rim or edge of the metal cone or shell. 
The rim usually is protected with a rubber or plastic insulating ring which is put in place after the clip is 
attached. 

At " D" in Fig. 60-3 are shown base pin positions and internal connections for the seven-inch 7JP4 

picture tube which operates with electrostatic deflection and electrostatic focus. Pin positions are shown 
as viewed from the exposed end of the base. This base is called a medium shell diheptal 12-pin type. The 
pin spacing would allow for 14 pins were all positions filled, but pins 6 and 13 are missing. The pair of 
deflecting plates toward the screen are designated as DJ1 and DJ2. They are connected to pins 11 and 10, 
and ordinarily are used for vertical deflection. Plates DJ3 and DJ4„ connected to pins 7 and 8, are toward 
the base and ordinarily are used for horizontal deflection. 

PHOSPHORS. The inner surface of the glass face of picture tubes is coated with a substance called the 
phosphor. The phosphor contains chemical salts such as zinc sulphide, zinc silicate, and others which 
have the ability to emit light when struck by electrons in the picture tube beam. The color of emitted light 
depends on the chemical composition of the phosphor; it may appear white, green, blue, yellow, orange, red, 
or of almost any desired hue. Phosphors used in television picture tubes emit practically white light. White 
light may come from mixtures of salts which, by themselves would emit blue and red-orange, blue and yellow, 
or other combinations. 

The emission of light from the phosphor is called luminescence. Luminescence consists of two effects. 
First there is light emission that occurs only while the electrons are striking the phosphor, and which ceases 
instantly when the beam travels onward or is cut off. This part of the emission is called fluorescence. 

The phosphors used in picture tubes continue to emit light for a greater or less length of time after they 
have been excited by the electrons and after the beam has moved on or has been cut off. This continuing 
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emission is called phosphorescence. The fraction of a second during which there is continued emission, or 
phosphorescence, is called persistence. The time of persistence is determined by the kinds and proportions 
of salts used in the phosphor. Persisten ces are roughly classified as short, medium, or long. All television 
picture tubes are of the medium persistence type. 

Except with long persistence types the persistence of the phosphor itself lasts for a time which is shorter 
than the visual persistence of the human eye. Your eyes retain some impression of the light after both fluo-
rescence and phosphorescence have ceased, or after all luminescencehas ceased. Witha medium persistence 
phosphor the brightness drops to about 1/5 of maximum within 6/1000 second after the electron beam passes 
on, and drops to about 1/20 of the maximum within 1/40 second. Duringthe periodin which somepersistence 
of vision lasts in the average human eye the brightness has dropped to less than one per cent of its original 
maximum. 

If phosphor persistence were made too long it would cause the picture reproduced during one frame to hang 
overinto the next frame, or it might cause fast moving light colored objects to be followed by a tail of light, 
like a comet. If persistence were too short it could cause noticeable flickering with presently used field and 
frame frequencies. 

Each type of phosphor used in picture tubes andother cathode-ray tubes is identified by a numberpreceded 
by the capital letter P. As mentioned before, the white phosphor P4 isused in all present day picture tubes. 
Early picture tubes used a yellowish-green P3 phosphor. Others used theP6 type. Both of these latter phos-
phors now are obsolete. Cathode-ray tubes for oscilloscopes use phosphors P1, P2, P5, or P11, which have 
characteristics suited to different purposes. Phosphors P7, P12, and P14 are used chiefly in radar tubes. 

The full- line curve of Fig. 60-4 shows relative values of energy emitted by the P4 phosphor at various 
wavelengths of light. The broken-I ne curve shows average relative sensitivities of the human eye at the 
various wavelengths. While radio wavelengths ordinarily are measured in meters or centimeters, the wave-
lengths of light and related radiations are too short to be expressed conveniently in these units. For in-
stance, the wavelength of green light would be 0.0000522 centimeter. The corresponding frequency is about 
575 millions of megacycles. For light wavelengths we most often employ the angstrom or angstrom unit, 
which is a length equal to one hundred-millionth of a centimeter or about four billionths of an inch. 

The wavelengths of Fig. 60-4 are in angstroms. At the top of this graph are indicated the colors which 
we see in light of various wavelengths. The shortest visible wavelengths are those giving violet light. Still 
shorter wavelengths are called ultra-violet. They do not excite our eyes to vision, but give the impression 
of black. The longest visible wavelengths are those producing red light. Still longer radiant wavelengths are 
called infra- red, and cause only a visual impression of black. We see things as black also when they do not 
radiate or reflect any visible wavelengths or colors. We see them as white when they radiate or reflect all 
colors or all visible wavelengths at the same time, and also when they give off certain complementary colors 
which combine to give the impression of white. 

Human eyes have average maximum sensitivity for a wavelength of about 5,500 angstroms, which is a 
yellow-green hue. Phosphor P4 has one peak of radiant energy at very nearly this same wavelength, and 
anotherpeak in the blue- violet region where eye sensitivity is low. The combined effects of radiant energies 
and eye sensitivities at all the various wavelengths give the kind of white light seen on the screen of pic-
ture tubes. 

IMPROVING CONTRAST. A.satisfactory television picture should have a nearly full range of tones from 
black through grays to white, even when viewed in a normally lighted room. Then there is good contrast. 
Although contrast may be improved by correct operation of the contrast and brightness controls there are 
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Fig. 60-4. Relative radiant energies of phosphor 14 ( full- line curve) and relative sensitivities of average 
human eye (broken-line curve) at various wavelengths of light. 

certain features of the glass faceplates and the phosphors of picture tubes which lighten the blacks and 
grays to reduce the apparent contrast regardless of control adjustments. 

The glass face or faceplate of a picture tube is from 1 "8 to 1/2 inch thick. The phosphor andscreen coat-
ing on the insideof the faceplate is thin but practically opaque, you cannot see through it. The smooth outer 
and inner glass surfaces and the opaque inner coating allow various reflection effects that reduce apparent 
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contrast. Reflection from the outer glass surface causes images of lighted lamps, of windows opening to day-
light, and other bright objects to be mirrored on this surface and to obscure parts of the picture. 

Part of the ordinary diffused room illumination passes through the glass and is reflected outward again 
because the opaque coating on the smooth inner surface makes this surface act much like amirror. The effect 
isto lighten the entire picture area. Portions of the picture which are intended to be white are made no whit-
er, but all the darker areas are made lighter than they should be. 

Light emitted from the point on the phosphor being struck by the electron beam goes through the front of 
the faceplate, but part of this light is reflected from the front surface back onto the screen. The resulting 
scattering of light all over the screen tends to lighten the grays and blacks of pictures, and thus lessens 
the contrast between these tones and the areas that already are white. This particular effect may be called 
halation. 
, 

Many picture tubes, especially the newer types, improve the apparent contrastunder ordinary room lighting 
conditions by means of a "gray filter faceplate". The glass in sucha faceplate is of a kind which transmits 
quite freely the light emitted outward from the phosphor, but which absorbs in the glass itself a much great-
er proportion of the reflections which occur within the faceplate and from the inner coating. Black and grey 
tones remain of more nearly correct values in relation to the highlights or nearly white areas. 

Other "black face" picture tubes provide improvement of apparent contrast by mixing with the originally 
white screen coating some substance that materially darkens this entire coating which is on the inside of 
the faceplate. The phosphor still becomes normally bright where excited by the electron beam, but there is 
less reflection of external light from the darkened inner surface. 

The light output of picture tubes has been considerably increased by incorporation of a reflector within 
the picture tube. This reflector consists of a thin coating of aluminum over the phosphor which acts like 
a mirror. It is thin enough to permit the electron beam to strike the phosphor in a normal fashion, and 
thick enough to reflect the light from the phosphor toward the front of the picture tube. It acts much the 
àame as the reflector behind the bulb in a flashlight which concentrates the light into a single direction, 
giving us greater light output. Picture tubes of this type are referred to as being aluminized. Some manu-
facturers call them DAYLIGHT, SILVER VISION, SILVER SCREEN, etc. 

Reflection images of lighted or luminious object in the room may be reduced in various ways. The face. 
plate of many of the newer picture tubes has a lightly frosted outer surface which destroys the mirror effect. 
Special lacquers and other anti-glare coatings are applied to the faceplates of other tubes. There still may 
be reflections from the protective glass or plastic sheet mounted in the cabinet opening. In some receivers 
this sheet is tilted slightly forward at its top, so that reflections of bright objects are directed toward the 
floor. Two or more of the methods for reducing reflection effects may be combined in the same picture tube 
or in the same receiver. 

41ASK AND SCREEN SIZES. In Figs. 60-1 and 60-2 the frontviews show in full lines the outside dimen-
sions, and broken lines show the useful screen areas of the picture tubes. These useful areas include the 
portions of the faceplate coated with screen material or the portions which are sufficiently flat for picture 
reproduction. The useful areas are from one, to one and one-half inches less in diameter or in width and 
height than the extreme outside dimensions. 

Transmitted pictures have almost square corners and an aspectratio or width- to-height ratio of 4 to 3. The 
width is 4/3 or 1-1/3 times the height, and the height is 3/4 of the width. If the entire picture were to be 
made visible on a round tube the width would be very close to 0.8 times the useful diameter, whilethe height 
would be approximately 0.6 times the useful diameter. This proportion is illustrated at A in Fig. 60-5. Asan 
example, on a 16-inch tube with 15- inch useful diameter the reproduced picture would be 12 inches wide 
(0.8 times 15)and 9 inches high (0.6 times 15). 

CD The visible portion of a picture is that seen through the mask, which is the frame or the opening on the 
front of the cabinet. A square cornered and straight sided mask opening is not of most pleasing appearance, 
so the corners always are rounded off to a greater or less extent. Rounding the corners while retaining 
straight edges is represented by diagram R. Since little of importance ever appears in the extreme corners 

A 
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Fig. 60-5. Mask openings in relation to raster dimensions. 

E 

of a picture only a negligible portion disappears behind the mask. But the raster and the remaining visible 
portion of the picture are desirably enlarged. 

In addition to rounding the corners of the mask it is sometimes the practice to slightly round the four 
edges, as in diagram C. By sacrificing still more of the corners the width of the picture may be brought out 
to the useful screen diameter, as at D. Here we have the largest obtainable raster or picture of correct as-
pect ratio on a given tube diameter. In some receiversthe picture height is made equal to the width, and the 
entire usefulscreen area is used as shown by diagram E. Such a picture is notof the original or transmitted 
aspect ratio. All objects will be somewhat higher in proportion to width than they should be. 

Fig. 60-6 shows front outside dimensions and useful areas of typical 16-inch picture tubes of the rectan-
gular type at the left and the round type at the right. These diagrams represent the proportions which have 
been used in the majority of tubes in this particular size up to the present time. The useful area enclosed 
by the broken line for the rectangular tube has the standard aspect ratio of 4/3, with the corners rounded. 

Within the circular useful area for the round tube has been drawn with a solid line the outside limits for 
the largest possible picture having the same rounding of corners ( the same radius) as used for the rectan-
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Fig. 60-6. Relative front dimensions of typical 16-inch rectangular and round picture tubes. 

guiar tube. Picture areas for the two tubes are very nearly equal, which explains why the rectangular tube 
is called a 16-inch size although it measures only 14-3/4 inches from side to side and 11-1/2 inches from 
top to bottom. 

For any given picture area a rectangular tube will fit into a cabinet that is both narrower and lower than 
a cabinet accomodating a round tube. This is probably the chief advantage of the rectangular tube over the 
round type. If a cabinet is wide enough to take a 12-inch round tube with a fraction of an inch to spare it 
will take a 14-inch rectangular tube so far as width is concerned. If a cabinet is high enough to take a 10-
inch round tube, and has tv“:, inches or slightly more to spare in width, it will take the 14-inch rectangular 
tube. These statements refer only to cabinet size, they do not mean that you always can make a quick 
change from a round tube to a larger rectangular type. There may be mechanical problems related to the 
chassis parts and to the supports for the tube and its accessories. 

1:1,ECTRO,% GUN AND ANODE. The structure of an electron gun used in an electrostatic tube was ex-
amined in an earlier lesson. The parts of a gun used in a tube designed for magnetic deflection and magne-
tic focus are shown by Fig. 60-7. Visible from the outside of the tube neck are three metal cylinders, each 
about a half-inch in diameter. The section nearest the tube base is grid 1 or the control grid. This grid al-
most completely encloses the cathode material and its support. Inside the cathode support is the heater. 
Just ahead of the control grid is grid 2, which is the first electron accelerating and beam forming element. 
Connections from two of the five base pins go to the heater. The other three pins are connected to the cath-
ode, the control grid, and grid 2. 

Ahead of grid 2 is another longer cylinder which is one part of the anode, the part that is included in the 
gun structure. On a disc at the forward end of this anode cylinder are carried thin contact springs whose 
outer free ends bear firmly against an internal conductive coating that extends back into the neck of the tube 
from the glass flare or from the metal cone or shell, and which is electrically continuous with the flare coat-
ing or the metal. The internal conductive coating in the flare of a glass tube, or the cone or shell of metal 
tubes, forms the other portion of the anode. Voltage reaches the anode cylinder of the electron gun through 
its connection to the coating or metal in the forward part of the tube, to which voltage is applied through 
its connector or lip from the high-voltage lead or cable. 
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Fig. 60-7. The parts of an electron gun in a maenetic deflection- focus picture tube. 

At the left in Fig. 60-8 is an outline view of an all-glass tube. The internal conductive coating extends 
over the distance a, from near the screen to a point well back inside the neck. On some all-glass tubes there 
is also an external conductive coating extending over the distance marked b, from near the screei to a 
point just ahead of the front end of the deflecting yoke. 

The external coating is completely insulated from the internal coating. Around the anode connector is an 
uncoated and non-conductive circular area of the glass. This external coating and the internal coating form 
the two plates of a capacitor, whose dielectric is the glass between them. The capacitance is used in the 
d-c filter system of some types of high-vol tage power supplies. With the external coating grounded, as always 
is the practice, it acts also as a shield against external electric fields which might affect operation of the 
tube. 

At the right in Fig. 60-Ft is the outline of one style of metal cone picture tube. The internal conductive 
coating is made electrically continuous with the metal of the cone, and extends back through the glass por-
tion of the tube to point a. This extension permits electrical connection to the anode portion of the electron 
gun through the contact springs. 

Part of the metal cone tube of Fig. 60-8 is a glass flare at b, extending from the back end of the cone 
proper to the neck of the tube. A similar flare may be seen on the metal shell tube of Fig. 60-2. These glass 
flares provide insulation and non-conductive spacing between the metal part of the tube and the front end 
of the deflecting yoke which is placed around the neck. This glass barrier should be kept free from finger 
prints and reasonably clean in general. 

ELECTRICAL RATINGS AND CHARACTERISTICS. In tables of picture tube ratings issued by manufac-
turers you will find values of maximum permissible electrode voltages. For tubes operated with magnetic 
deflection and focusing there will be maximum voltages for the high- voltage anode and for grid 2. For tubes 
operated with electrostatic focusingthere will be listing of maximum voltage for the high- voltage electrode, 
anode 2, and also for the focusing anode 1. For all tubes you will find listings relating to the control grid I 
which give maximum negative bias voltages. It is understood that bias on this grid never may be positive, 
and during actual operation the bias always will be more or less negative. With negative bias the signal may 
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Fig. 60-8. The extent of conductive coatings on all-glass tube ( left) and on a metal cone tube ( right). 

cause a peak positive voltage, whosemaximum value will be listed. Included also will be maximum allowab-
le d-c potential differences between the cathode and the heater. 

In addition to the maximum ratings will be given typical operating conditions when using certain com-
binations of anode and grid voltages. Listed here will be the value of control grid negative voltage re-
quired to extinguish the light spot on the screen when the beam is focused but is not being deflected. 
The accompanying table applies specifically only to the 21FP4, 21FP4A, or 21FP4C tube which operates 
with magnetic deflection and electrostatic focus. It illustrates about what you may expect to find for pic-
ture tubes in general, but, of course, with values suitable for each particular type of tube. 

In an earlier lesson we studied the effects of electrode voltages and currents on brightness and contrast, 
arriving at the following conclusions. 

Brightness is almost directly proportional to anode voltage, also to anode current or beam current. Great-
er anode voltage means that ele ctrons arrive at the screen with greater velocity, while greater current means 
that more electrical energy is being delivered at the screen. 

Good contrast and high brilliancy are more easily secured with a strong signal from the video amplifier 
than with a weaker signal. For first class performance with magnetic deflection tubes it is desirable to have 
a maximum grid swing of 25 to 30 volts. The same contrast ratio which is obtained with a strong video sig-
nal may be had from a somewhat weaker signal by adjustment of contrast and brightness controls, but the 
picture will not be of equal quality. 

It would be an excellent idea to go back and review all the information on picture tube performance given 

A 
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MAXIMUM RATINGS — Design Center Values. 21FP4-21FP4A-21FP4C 

Heater Voltage 
Heater Current 

Anode voltage (High-voltage electrode) 
Grid No. 4 Voltage (Focusing electrode) 
Grid No. 2 Voltage (Accelerating electrode) 
Grid No. 1 Voltage (Control electrode) 

Negative bias value 
Positive bias value 
Positive peak value 

Peak Heater-to-cathode Voltage 
Heater positive with respect to cathode 
Ileater negative with respect to cathode 
Heater negative, during warmup period 
not to exceed 15 seconds 

TYPICAL OPERATING CONDITIONS 

6.3 
0.6 

18,000 max. 
-500 to + 1000 max. 

500 max. 

125 max. 
0 max. 
2 max. 

180 max. 
180 max. 

410 max. 

Anode voltage 16,000 
Grid 4 voltage -64 to +350 
Grid 2 voltage 300 
Grid 1 voltage, for visual extinction 
of undeflected focused spot -27 to -72 

Ion Trap magnet strength (approx.) 35 
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A.C. amp 
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in that earlier lesson. The graphs now will be more instructive because you are better acquainted with the 
many problems of electron beam control. 

In addition to the effects of anode voltage on brightness, this voltage has also a material effect on the 
size of the light spot formed on the screen. The lower the anode voltage the greater is the diameter of the 
spot. This results in poorer definition or in poorer rendering of picture detail. The smallest spot and best 
definition are secured with voltages approaching the maximum or, at least, no lower than those listed for 
typical operating conditions. 

QDEFLECTION SENSITIVITIES. The deflection sensitivity of a picture tube is the distancethat the elec-
n beam will be moved away from the center of the screen by a deflecting field of specified strength. With 

electrostatic deflection the strength of deflecting field is assumed to be proportional to the peak potential 

A 
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Fig. 60-9. Factors that affect electrostatic deflection distance. 

difference or voltage between opposite deflecting plates of a pair. For such a tube we specifythe deflection 
sensitivity as some certain fraction of an inch per volt. 

Were a 7JP4 electrostatic deflection tube operated with 4,000 volts on anode 2 the deflection sensitivity 
for the pair of vertical plates might be between 0.006 and 0.00B inch per deflecting volt, and for the horizontal 
plates between 0.007 and 0.010 inch per deflecting volt. Within these limits the sensitivity would increase 
or the deflection would become greater with less voltage on the focusing anode, number 1 anode, and would 
decrease with higher focusing voltage. 

Factors which affect the deflection distance in electrostatic tubes are illustrated by Fig. 60-9. The dis-
tanceincreases indirect proportion to ( a) the deflecting voltage applied between the plates, ( b) the distance 
from the plates to the center of the screen, and ( c) the length of the deflecting plates. Doubling any of these 
three factors would, theoretically, double the distance of deflection. Halving any of them would reduce the 
deflection distance to half. 

The deflection distance is inversely proportional to ( a) the voltages on the anodes with respect to the 
cathode, and ( b) the separation between the plates of the pair. Doubling either of these factors would, theo-
retically, cut the deflection distance in half. Halving either of them would double the deflection distance. 

You cannot alter the distance from the deflecting plates to the screen in any existing tube, nor can you 
alter the plate length or separation. Therefore, deflection distance may be varied only by changes of deflect-
ing voltage applied to the plates of a pair and by changing the voltages on the anodes. You may increase 
the deflection distance with more deflecting voltage from the sweep amplifiers or with lower voltages on 
anode 2 and anode 1, or with both these changes. Less deflection, which means less width or height of the 
picture, will result from smaller deflecting voltage or greater anode voltages, or both. 
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Fig. 60-10. Factors that affect magnetic deflection distance. 
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Magnetic deflection sensitivities usually are specified as the distance that the electron beam is moved 
away from the center of the screen per gauss of deflecting magnetic field. The gauss is a unit of measure-
ment for magnetic field density. One gauss is the intensity of a field in which there are 6.45 magnetic lines 
of force per square inch of cross section. Field intensity of an electromagnet coil varies more or less direct-
ly with number of turns in the winding and with amperes of current in the winding. You cannot vary the num-
ber of turns in a deflecting coil which is already constructed, so the only way of changing the field strength 
is to change the deflecting current in the coil. With air-core coils the field intensity in gausses is almost 
directly proportional to coil current, but when the coil has a magnetic core the field intensity may change 
either more or less rapidly than current. 

The factors which affect magnetic deflection distance are illustrated by Fig. 60-10. Deflection is direct-
ly proportional to the distance from the center of the deflecting coil to the center of the screen, also to the 
length of the deflecting magnetic field. Deflecting coils or yokes always are longer from front to back than 
are focusing magnets. 

Deflection is directly proportional to intensity of the deflecting magnetic field, which, for any given con-
struction, means more or less directly proportional to peak deflecting current in the coil. It would be desi-
rable to have the field lines of force perfectly straight and uniformly distributed where the beam passes 
through them, but this is not practicable in commercial construction. The non-uniform field which exists in 
actual yokes tends to make the beam spot somewhat oblong or elliptical rather than perfectly round. There 
is also a tendency to distort the shape of the raster, so that its edges are not perfectly straight or so that 
the edges curve slightly inward or outward. Careful design and shaping of the deflecting coils reduces these 
distortions to where they are not objectionable for picture reception. 

Deflection distance is inversely proportional to the square root of the anode voltage. What this means in 
practice is best illustrated by an example. Assume that with 8,000 anode volts we have some certain def-
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Fig. 60-11. The effect of anode voltage on magnetic deflection distance. 

lection, and that the voltage is increased by 50 per cent to 12,000 volts. The square roots of 8,000 and 
12,000 are respectively about 89.3 and 109.4. Because of the inverse relation we take the reciprocals of 
these roots, which are about 0.01120 and 0.00914. Then the deflection with 8,000 volts is proportional to 
0.01120 and with 12,000 volts is proportional to 0.00914. Increasing the anode voltage by 50 per cent has 
reduced the deflection by only 18.4 per cent. 

In the case of an electrostatic deflection tube an increase of 50 per cent in anode voltage would decrease 
deflection by 33.3 per cent, because deflection is inversely proportional to anode voltage itself rather than 
to the square root of this voltage. To maintain an original deflection in an electrostatic tube with a given 
percentage increase of anode voltage would call for a much greater increase of deflecting voltage than the 
required increase of deflecting current in a magnetic coil. 

Fig. 60-11shows the manner in which deflection distance increases with reduction of anode voltage when 
deflecting current is maintained of constant peak-to-peak value in a certain air-core deflecting coil. The 
curve illustrates only the effect of anode voltage on deflection. We could not use the lower voltages because 
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SCREEN 

brightness would be so low and definition so poor as to produce no useful pictures. 

DEFLECTION FACTORS. A deflection factor is the electrostatic deflecting voltage or the deflecting 
magnetic field strength required to produce deflection through a specified distance, usually one inch or one 
millimeter. A deflection factor is the reciprocal of a corresponding deflection sensitivity. That is, you divide 
1 by the sensitivity to find the factor, or divide 1 by the factor to find the sensitivity. 

Earlier in this lesson were mentioned some deflection sensitivities, one of which was 0.008 inch per volt. 
Dividing 1 by 0.008 gives 125, which is the corresponding deflection factor in volts per inch of deflection. 

ÇijDEFLECTION ANGLES. The deflection angle is the number of degrees through which the electron 
beam must be swept to cover the raster area or the useful area of the screen. Angles for magnetic deflec-
tion picture tubes now in use range all the way from 50 degrees to 90 degrees. With 50-degree deflection, 
the beam is swept 25 degrees each way from a line through the lengthwise axis of the tube, and with 90-
degree deflection, the sweep is 45 degrees each way from center. 

Fig. 60-12 illustrates deflection angles for round tubes. At Aare shown the proportions of a tube requiring 
a52- degree deflection angle. At Ris another tube in which the angle is 70 degrees. Screen diameters or use-
ful diameters are almost exactly the same on both these tubes, but the flare on the tube at A is much longer 
than on the one at Band, of course, the first tube has greater overall length than the second one. The lengths 
of the necks back of the flares are the same for both tubes. 

A 
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Fig. 60-13. Deflection angles for rectangular picture tubes. 

For any given useful diameter or screen diameter, the less the overall length of the tube the greater will 
be the deflection angle. The greater the sweep of the beam or the greater the deflection angle the stronger 
must be the deflecting magnetic field produced bythe yoke coil. It follows that relatively short tubes of any 
given screen diameter require stronger deflecting fields that longer tubes with the same screen diameter. 

The deflection angle depends on screen size as well as on tube length. At C in Fig. 60-12 are shown the 
proportions of a tube of 19-inch nominal diameter which is of about the same overall length as the 16-inch 
tube at A. Because the screen diameter is greater at C than at A the deflection angle is 66 degrees instead 
of 52 degrees. 

Fig. 60-13 shows one set of deflection angles for rectangular tubes, either all glass or metal and glass 
types. If we consider the width of the screen in our illustration, from left to right, we obtain a deflection 
angle of 65 or 66 degrees. This is referred to as the horizontal deflection angle. If we consider the maxi-
mum combined horizontal and vertical deflection with the electron beam at one of the corners, the deflec-
tion angle will be 70 degrees. This is referred to as the diagonal deflection angle. The deflection angle 
for rectangular tubes is sometimes given either way. However, the trend is towards the figure giving the 
diagonal angle. This is illustrated by the deflection angles listed for various tubes in Fig. 60-14. Tubes 
listed as having a diagonal angle of 90 degrees have a horizontal angle of 85 degrees. 
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TYPE 
ROUND 
OR 

RECT. 

METAL 
OR 

CLASS 

DIAGONAL 
ANGLE 

DEGREES 

21 AP4 a M 70 
21ACP4 • G 90 
21ACP4A • G 90 

21 AFP4 Cl G 70 
21 ALP4 • G 90 
21 ALP4A • G 90 
21ALP4A B • G 90 

21AMP4 • G 90 
21 AMP4A • G 90 
21 ANP4 • G 90 
21ANP4A • G 90 

21 AQP4 • G 90 
21A0P4A • G 90 
21ARP4 • G 70 
21 ARP4A • G 70 

21 ASP4 • G 70 
21 ATP4 • G 90 
21AUP4 • G 72 

21AUP4A • G 72 

21AUP4A, B • G 72 

21AVP4 • G 72 
21AVP4A • G 72 
21 AVP4A, B E  G 72 

21AWP4 • G 72 
E 21AYP4 G 70 

21DP4 • M 70 

21EP4 • G 70 

21EP4A E G 70 

21EP4B • G 70 

21FP4 • G 70 

21FP4A • G 70 

21FP4C E G 70 

21 JP4 Li G 70 

21 JP4A • G 70 

2lKP4 E G 70 

21KP4A II G 70 

TYPE 
ROUND METAL 
OR OR 

RECT. GLASS 

DIAGONAL 
ANGLE 

DEGREES 

21MP4 70 • M 
21WP4 70 • G 
21WP4A Cl G 70 

21XP4 O G 70 
21XP4A 70 • G 
21YP4 70 • G 
21YP4A 70 • G 

21ZP4 70 • G 
21ZP4A 70 • G 
21ZP4B 70 • G 
22AP4 0 M 70 

22AP4A 0 M 70 
24AP4 0 M 70 
24AP4A 0 M 70 
24AP4B 0 M 70 

24BP4 0 M 70 
24CP4 90 • G 
24CP4A O G 90 
24DP4 90 • G 

24DP4A 90 • G 
24QP4 90 • G 
24TP4 90 • G 
24VP4 90 • G 

24VP4A 90 • G 
24XP4 90 • G 
24YP4 90 • G 
27AP4 90 • M 

27EP4 90 • G 
27GP4 90 II G 
27LP4 90 • G 
27MP4 0 M 90 

27NP4 90 • G 
27RP4 90 • G 
27SP4 90 • G 
27UP4 90 • G 
30BP4 0 M 90 

The chart in Fig. 60-14 illustrates the variations in tube construction, starting with a 21-inch and going 
to a 30-inch picture tube. The column after Type indicates if the tube is square by the square symbol and 
round by the circle. The next column indicates whether the tube is all glass "G", or if it utilizes metal 
"M", for the cone portion of the tube. The last column shows the diagonal angle in degrees for each of 

A the tubes. 
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LESSON NO.61 

PICTURE TUBE ACCESSORIES 

Many parts essential to the operation of magnetic picture tubes are on the outside of the tube, as shown 
by Fig. 61-1. Commencing at the base end we may note first that the picture tube socket does not support 
the tube, rather the tube supports the socket. The tube is mounted and supported at the forward end of the 
flare or cone by some suitable mechanical structure and is given additional support by the bracket that 
carries the deflecting yoke and the focus magnet or coil. The socket merely presses onto the base pins. 
Flexible leads extend from the chassis circuits into the socket, where connections of these leads to the 
contact lugs for the pins are enclosed and insulated by a cap over the outer end of the socket. 

\iBetween the base and the focus coil or magnet on most magnetic deflection tubes is an ion trap magnet. 
This magnet, and the remainder of the trap which is part of the electron gun structure, removes ions from 
the electron beam. Were the ions allowed to reach the screen coating they would cause a brown spot, called 
an ion burn. Even though you set the trap to catch the ions, wrong adjustment can cause trouble with focus-
ing, centering, brilliance, and easily may cause such permanent internal damage as to make the tube quite 
useless. The trapping of ions will corne in for some rather lengthy explanation later in this lesson. 

Moving forward along the picture tube neck we come next to the focus coil or magnet. The principles of 
focusing by means of a magnetic field already have been studied. There remain to be examined, however, 
quite a few focusing systems which utilize permanent magnets and magnetic shunting. This will be another 
subject for the present lesson. 

The front end of the permanent magnet focusing structure in a few designs is mounted right up against 
the rear end of the deflecting yoke, and in other designs may be anywhere between 1/8 and 3/8 inch back 
of the yoke. The position selected is that which allows the best compromise between sharp focusing at the 
center and at the edges of the screen, just as with focus coils or with combined coils and permanent mag-
nets. 

Between the support for the deflecting yoke and the glass flare on all types of picture tubes you will see 
a cushion consisting of a rubber or plastic ring. In order to have completely satisfactory deflection and fo-
cusing it is essential that the flare of the tube be snugly seated against this cushion and that the deflect-
ing yoke be just as far forward as the cushion will allow. The yoke supports should have enough adjust-
ment to allow this. 

If the picture tube is all glass and has an external conductive coating on the flare this coating must be 
grounded to the chassis. One or more grounding contacts usually have the form of long wire loops or leaf 
type springs which are fastened to the yoke bracket and rest firmly on the tube coating. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 61 — Page 2 

SOCKET 

(1/4 

LEADS 
FOR 
PINS 

TUBE 
BASE 

ION 
TRAP 
MAGNET 

FOCUS 
COIL 

CUSHION 

DEFLECTING 
YOKE 

GROUNDING 
CONTACT 

CHASSIS METAL 

Fig. 61-1. The parts which are mounted on or around the neck of most picture tubes. 

ION TRAPS. The ions which are to be trapped out of the electron beam before it reaches the screen are 
negatively charged molecules of gases which have remained when the picture tube was evacuated. It is 
possible for a free negative electron to attach itself to a neutral molecule, thereby giving a net negative 
charge to the molecule — which then is called a negative ion. 

Q...)..Before talking about separation of ions from electrons we should review a few simple facts on which the 
action depends. First, when ions and electrons pass through an electrostatic or electric field at an angle 
to the direction of field lines both the ions and the electrons are equally deflected. In a tube which employs 
electrostatic deflection the ions thus are distributed all over the screen, just as are the electrons. There 
is no concentration of ion bombardment on any one area of the screen, and because there are relatively few 
ions compared to electrons no damage results. Consequently, electrostatic deflection tubes do not require 
ion traps. 

The second important fact is this: When electrons and ions pass through a magnetic field at an angle to 
the field lines the deflection is proportional to the square root of the mass or weight of the particles. An 
ion contains all the parts of a complete atom plus an electron, and its mass is at least1,870 times as great 
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Fig. 61-2. An electron gun in which is an angular gap forming part of the ion trap. 

as that of an electron. The square root of 1,870 is approximately 43, so the magnetic force deflects an ion 
only about 1/43 as far as it deflects an electron. By using a suitable combination of electric and magnetic 
fields we may form a trap which takes the ions out of the electron stream and holds them in the gun of the 
picture tube instead of allowing them to proceed to the screen. 

The ion trap which first came into common use, and which still is generally employed, consists of an 
angular gap in the electron gun and of two magnets placed around the tube neck near the gap. This angular 

Fig. f,1-3. Two ion trap magnets in a mounting that holds them on opposite sides of the picture tube neck. 
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gap is clearly visible in Fig. 61-2, which is a picture of the electron gun from a tube designed for magnetic 
deflection and focusing. The oblique gap is between the secondgrid and the anode. Potential on the second 
grid is 250 to 300 volts in most cases, and on the anode it is several thousand of volts. This great poten-
tial difference causes a strong electric field to be formed between these two electrodes, with the lines of 
the field running perpendicular to or square to the angular sides of the gap opening. 

There are many styles of ion trap magnets which furnish the two magnetic fields required for operation 
with the angular gap as pictured. One of the simplest magnet structures is illustrated by Fig. 61-3.. Two 
small but very strong bar magnets are held in a rectangular frame which slips onto the neck of the picture 
tube, so that the two magnets are parallel with the tube axis and are on opposite sides of the electron gun 
containing the gap. Spring bronze pieces attached inside the magnet frame hold it in position by friction on 
the glass of the neck. 

Looking toward the electron gun from one side of the tube the magnet nearest you would be in the posi-
tion shown at 1 in Fig. 61-4. Looking down on top of the tube the two magnets would be on opposite sides 
of the diagonal gap, as shown by diagram 2. North and south poles of the two magnets are opposite each 

MAGNET 
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GAP I 
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Fig. 61-4. Ilov, in and electrons are deflected by magnets and electric fields of an ion trap. 
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other, so that the lines of force are in one direction through the magnetic field that is toward the tube base 
and are in the opposite direction through the field that is toward the screen. 

The magnetic field toward the tube base is much stronger than the one toward the screen. In the struc-
ture of Fig. 61-3 this difference of strength is secured by making the supporting frame that carries one end 
of each magnet out of iron or soft steel. Then part of the lines of force go through the frame and only the 
remainder go through the space in which is the electron gun of the picture tube. The free ends of the mag-
nets, between which is the stronger field, are placed toward the base of the tube. 

Ions passing from the tube cathode space into the electron gun are forced to follow the path shown at 3 
in Fig. 61-4. The ions are deflected by only negligible amounts in the two magnetic fields. But in passing 
through the electric field of the diagonal gap the ions are deflected in line with the electric lines of force 
and are turned so that they strike a point inside the gun structure instead of going on to the screen. 

As shown by diagram 4, the electrons are deflected downward by the relatively strong magnetic field that 
is toward the tube base. The extremely small mass or weight of the electrons allows their velocity to be 
far greater than that of the heavy ions, and the electrons go through the electric field of the diagonal gap 
without too much deflection. Then the forward magnetic field brings the electrons up just enough so that 
they pass through the small opening in the front end of the anode. If you refer to the lesson in which we 
studied the principles of magnetic deflection of the electron beam you can use the information given there 
to check the directions of deflection shown at 4 in Fig. 61-4. Keep in mind that the beam is traveling from 
left to right and that magnetic lines of force extend away from you in diagrams 1 and 4. 

Fig. 61-5. Two styles of double magnets for ion traps. 
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Two of the many other types of double magnets for ion traps are pictured by Fig. 61-5. In the design at 
the left the two magnets are clamped between pieces of flat non-magnetic metal at the bottom of the struc-
ture. From the opposite ends of each magnet curved pole pieces extend upward and pass around opposite 
sides of the picture tube neck. This unit is clamped on the tube neck by tightening the nuts on two screws 
that pass through the upper ends of the pole pieces. These screws are of non-magnetic metal so that they 
do not partially short circuit or shunt the magnetic fields. One of the magnets is larger and stronger than 
the other. It is placed toward the base end of the picture tube. The stronger and weaker magnetic fields 
which extend from pole to pole pass through the electron gun. 

In the design pictured at the right in Fig. 61-5 there aretwo ring-shaped magnets carried on a fibre sleeve 
that fits around the neck of the picture tube. Inside the fibre are spring bronze plates that hold the unit in 
position by friction. At one point around the circumference of each ring is an air gap. The two ends of the 
ring on both sides of the gap are of the same magnetic polarity, forming, in effect a single pole. At a point 
directly opposite the gap is a " consequent" pole of the opposite polarity. The field lines extend across 
the center opening of the ring from the gap to the opposite consequent pole, consequently pass through the 
space occupied by the electron gun. 

The larger of the two rings, which provides the stronger magnetic field, is placed toward the base end of 

FOCUS 
COIL 

TRA IPV-1 
MAGNETS 

ION 
TRAP 

Fig. 61-6. ound coils used as ion trap magnets, and how they may be connected into the power supply 
circuit. 
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the picture tube, with the smaller ring and weaker field toward the screen. The gap in the small ring is half 
way around from the gap in the large ring. The rear magnetic field and front magnetic field are of opposite 
polarity, as with all double magnets. 

40In many of the earlier television receivers using magnetic picture tubes the ion trap is operated withtwo 
electromagnets instead of two permanent magnets. As shown at 1 in Fig. 61-6 the larger and stronger elec-
tromagnet is placed toward the tube base, with the smaller and weaker electromagnet toward the screen. 
The illustration shows pole pieces extending upward around the tube neck from the ends of the two elec-
tromagnet coils in about the same manner that they extend up from the permanent magnets at theleft in Fig. 

61-5. 

G" The windings for the two electromagnets are connected in series with each other, and usually are in the 
same part of the power supply circuit as the focus coil. Two methods of connection are shown in Fig. 61-6. 
In both cases the focus coil and the trap magnets are in series and both are shunted by resistors.At2 there 
is no adjustment for trap magnet current, this being the usual method of operation. At 3 there are service ad-
justments for focus coil current and for trap magnet current. 

INCLINED GUN ION TRAPS. In some picture tubes the base end of the electron gun is offset and the 
lengthwise axis of the gun is inclined with reference to the axis of the tube neck. This construction is il-
lustrated by Fig. 61-7. After the electrons and ions meet the electric field lines in the diagonal gap the 
heavy ions proceed practically in line with this field until they strike against the insideof the anode. After 
leaving the gap the electrons are bent downward by a magnetic field produced by a single external ion trap 
magnet. Correct positioning of this magnet causes the electron beam to pass through the small opening at 
the forward end of the anode cylinder. 

''..)RENT GUN ION TRAP. In the bent gun design of ion trap, illustrated by Fig. 61-8, the end of the elec-
tron gun toward the tube base is inclined with reference to the neck axis while the forward part of the gun 
is coaxial with or is lined up with the neck axis. The angle of inclination of the grid end of the electron 
gun " aims" both the electrons and the ions toward a point inside the forward end of the anode. Around the 
outside of the tube neck, approximately in the position marked, is placed a single permanent magnet with 
its north pole toward you when looking at the gun from the position indicated in the drawing. 

IONS 

— — >-

ELECTRONS 

Fig. 61-7. Ion and electmn paths in an inclined gun ion trap. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 61 - Page 8 

NORTH POLE 
OF MAGNET 

IONS 

— ->--

ELECTRONS 

Fig. 61-8. Paths of ions and electrons in a bent gun ion trap. 

The ions travel forward along the electrostatic field lines formed between the second grid and the anode 
and since they are deflected hardly at all by the field of the permanent magnet the ions are trapped within 
the gun. The magnetic field deflects the electrons after they have passed through the gap, bringing the el-
ectron stream down just far enough so that it passes through the small opening at the forward end of the 
anode. 

Single magnets for any tubes having ion traps that require only a single element are constructed in much 
the same mechanical fashion as double magnets. At the left in Fig. 61-9 is a double magnet and at the right 
is a single magnet of the corresponding style. Single magnets are made also like half of the double type 
pictured at the left in Fig. 61-5 as well as in many other styles which serve to hold the magnet and its pole 
pieces permanently in position after they are correctly adjusted. 

POSITIONS FOR ION TRAP MAGNETS. To the electron guns of many picture tubes are attached two 
small metal " flags" which help identify the point along the tube neck at which you should place the poles 
of the stronger magnet in a two-magnet unit or of a single magnet when the trap requires only one magnetic 
field. In Fig. 61-10 you can see the two flags attached to the second grid and extending over the space be-
tween first and second grids. The two magnet poles are to be placed opposite the two flags and approxi-
mately in line with the flags along the length of the neck. This is the preliminary settingto be made before 
proceeding with an exact adjustment of magnet position. 

If there is an arrow marked or stamped anywhere on the magnet structure this arrow is to point forward, 
toward the screen and away from the base end of the tube. 

QMany ion trap magnets have sleeves of colored fabric or plastic over the extended magnetic pole pieces. 
ou can see such sleeves on the pole pieces in Fig. 61-5 at the left. When one pair of sleeves is black 
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Fig. 61-9. Double and single ion trap magnets of similar mechanical design. 

this end of the magnet structure goes toward the base of the picture tube. The other sleeves, which usually 
are blue or red, go toward the screen end of the picture tube. 

When there are two magnets the stronger one always goes toward the base of the picture tube and the 
weaker one toward the front or screen end. This applies to electromagnets and to permanent magnets alike. 

Fig. 61-10. The flags on an electron gun which help in correct placing of the ion trap magnet. 
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The stronger of two electromagnets is the one with the larger cylindrical form and housing. The larger and 
stronger ring- shaped magnet is easily identified on the unit illustrated at the right in Fig. 61-5. The free 
or extended ends of the magnets in Fig. 61-3 have the stronger fields, so they go toward the base end of 

the picture tube. 

Units which contain one.or two small magnets, with extended pole pieces, usually must be mounted with 
the magnets on the bottom or chassis side of the tube neck, this being true when the anode connector of an 
all- glass picture tube is on top. If the tube is turned to some other position, as often is the case, the mag-
nets may have to be either above or at one side of the neck. 

You should note that our explanations of the directions in which electrons and ions are deflected assume 
certain positions of the electron guns with reference to diagonal slot inclination or to the slope of tilted 
gun or bent gun types. If the picturetube is turned to some other position the field polarities and directions 
of deflections will change accordingly. This would not change any of the actions occuring in the tube, but 
you might have to look at a diagram upside down or from the back of the page on which it is printed. 

The magnet positions which have been mentioned are merely the preliminary settings to be made before 
you undertake the process of adjustment. There are some single-magnet units on which there are no mark-
ings to indicatehow they should be turned or positioned for an initial setting. If you cannot get any bright-
ness on the raster after going through the steps for adjustment it is probable that the magnet must be turned 

around, front and back. 

ION TRAP ADJUSTMENT. Following are the steps in making a correct adjustment of an ion trap magnet. 
After you do this kind of work a few times the whole job will take far less time than needed to read these 

instructions. 

1. Check the initial position of the trap magnet as explained in preceding paragraphs. 
2. Examine the deflecting yoke to see that it is forward against the flare cushion. %lake sure that the 

picture tube flare is back against the cushion. 
3. See that the focus coil or magnet has its center on the axis of the tube neck. 
4. Turn on the receiver, set the tuning to a channel where there is no transmission, and view the raster. 
5. If centering is incorrect adjust the electrical centering controls if they are used, or adjust the focus 

coil or magnet for correct centering. 
6. Set the brightness control for the least brightness that allows a clearly visible raster. sever use a 

bright raster before adjusting the ion trap magnet. A high- intensity electron beam striking the edge of 
the front opening in the anode can permanently damage the picture tube in less than a half minute. 

7. If the ion trap magnet is held with screw clamps loosen them just enough to allow sliding and rotating 

the magnet, but not so much that the magnet will not remain where you place it. 
Rotate the magnet through a small angle around the tube neck, and at the same time move it slightly 
backward and forward along the neck to find the position at which the raster becomes brightest. You 
may find two positions, one forward and one back, at which the raster appears equally bright. Always 
place the magnet in the rearmost of these two positions, nearer the tube base. The forward position 
will make difficult centering and focusing, and may cause permanent damage to the picture tube. 

9. Reduce the brightness to a value somewhat less than you would use for picture observation and care-
fully adjust the focus control for the best compromise between sharpness at the center and edges of 

the raster. 
10. Repeat step c; to again obtain greatest possible brightness — without changing the brightness control. 

It is absolutely necessary that the ion trap magnet be placed for maximum brightness with any setting 
of the brightness control, otherwise the electron beam is striking the edges of the anode opening rather 

than coming through. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 61 — Page 11 

11. Increase the brightness control until the distinct line focusing commences to disappear, or until the 
raster just commences to " bloom", which means to become both higher and wider. Again repeat step 
8 to obtain maximum brightness. 

12. Readjust the focusing control for the most distinct lines with the brightness control turned high, as in 
the preceding step. 

Shadows may appear at the edges or corners of the raster when the ion trap magnet ispositionedfor max-
imum brightness. These shadows should not be removed by shifting the magnet if this reduces the bright-
ness. The shadows will not remain if you correctly follow the first five steps of the preceding adjustment 
instructions, and if the trap magnet is of normal strength. If you cannot make the adjustments as described, 
or if the trap magnet has to be moved more than about one- quarter inch from the flags on an electron gun, 
the chances are that the magnet is weak and should be replaced. Some double- ring magnets, generally 
similar to the one in Fig. 61-5 at the right, have been made with a small front ring that may be rotated in-
dependently of the larger ring. Shadowing will result if the small ring is out of its correct position. 

TUBES WITHOUT ION TRAPS. Some picture tubes have an exceedingly thin layer of metallic aluminum 
over the inside of the screen and do not require ion traps. The heavy slow-moving ions cannot penetrate 
through the aluminum to damage the screen, but the almost weightless high-velocity electrons go through 
this added coating and excite the phosphor as usual. Some of the tubes in this class include types 10DP4, 
10FP4, lOMP4, and 12KP4. 

Other tubes which do not have to have ion traps include types which are pumped to an extra high vac-
uum, leaving relatively few gas molecules to form ions. Some of the larger screen tubes are in this class. 
The greater the deflection distances the less concentrated is the ion bombardment over the central area, 
and the less is the likelihood of ion burns. 

FOCUSING AND CENTERING WITH PERMANENT MAGNETS. Focusing and centering by means of ad-
justable permanent magnets have become rather common practices in many television receivers of recent 
design. Permanent magnets for these two functions were mentioned briefly when we studied the general 
principles of focusing by means of magnetic fields, but it is desirable that we become acquainted with 
the action, mechanical details, and adjustment of these devices. 

Focusing of the electron beam is brought about by changing the strength of the magnetic focusing field. 
With an electromagnetic focus coil this change results from varying the direct current in the coil. When 
using permanent magnets for focusing we vary their field strength by means of adjustable magnetic shunts 
of one kind or another. A magnetic shunt consists of one or more pieces of iron or soft steel placed at or 
near the poles of a permanent magnet, or any other magnet, to allow a greater or less proportion of the 
field lines to pass through the shunt instead of through the external field space. The strength of the free 
field in the space between magnet poles may be varied by moving the shunt. 

Fig. 61-11 illustrates some principles of magnetic shunting as employed for focusing. At 1 is shown a 
cylindrical permanent magnet with partially closed ends through which would extend the neck of the picture 
tube. The two magnetic poles are at the front and rear openings, and the magnetic field lines between poles 
extend as shown, so that the direction of this field is the same as that of a field formed with a focusing 
coil. 

In diagram 2 the magnetic shunt consists of an iron cylinder that may be moved lengthwise of the magnet 
axis through the opening in which is the picture tube neck. %loving this shunt farther into the magnet allows 
more and more of the magnetic circuit to be completed through the iron of the shunt, andthe remaining field 
in the open space and through the tube neck becomes progressively smallerand weaker to alter the focusing 
of the electron beam. 
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SHUNT 

Fig. 61-11. Some of the principles employed for focusing with magnetic shunts. 
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At 3 the shunting effect is secured with iron or soft steel screws that may be turned farther into or out of 
the space between magnet poles. Turning one or both screws farther in increases the proportion of themag-
netic circuit formed by iron and steel. This weakens the field remaining in the free space and passing 
through the neck of the picture tube. 

Diagram 4 illustrates the principle of a magnetic shunt sometimes employedwith an electromagnetic focus 
coil. The shunt consists of an iron or soft steel cylinder or ring that may be moved lengthwise of the coil 
axis around the outside of the coil. \loving this shunt ring farther onto the coil allows more and more of the 
magnetic lines of force to pass through this path, and the field that extends through the neck of the picture 
tube is weakened. 

An internal cylindrical magnetic shunt is shown at 5. Thistype sometimes is found with a combination of 
electromagnetic coil and permanent magnet for focusing. As the shunt is moved farther into the coil it comp-
letes more of the magnetic circuit through itself, and weakens the magnetic field that passes through the 

tube neck. 
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Centering of the picture or pattern, when accomplished by tilting a focus coil, results from tilting the 
axis of the electromagnetic field with reference to the axis of the picture tube neck. This, in effect, aims 
an undeflected electron beam at one place or another near the center of the screen. while the beam is being 
deflected during production of a raster or picture the illuminated area on the screen is shifted up, down, or 
sideways by tilting of the coil and its field lines. Exactly the same effect may be had by tilting any style 
of permanent magnet which is used for focusing. 

It is possible to keep the main body of the focusing magnet stationary while inclining its field axis by 
shifting a plate or ring which is part of the magnetic circuit. This principle is illustrated by Fig. 61-12. 
Diagram 1 shows a centering plate mounted at the front end or screen end of a focus magnet. The opening 
through the centering plate is somewhat smaller in diameter than the opening or openings which form the 
poles of the focus magnet, but is something like a quarter-inch larger than the outside diameter of the tube 

neck. 

The centering plate is mounted or supported in some manner that allows it to be moved up, down, or to 
either side. If the plate is moved up, as in diagram 2, the axis of the magnetic field through the entire mag-
netic structure is tilted upward with reference to the tube axis. If the centering plate is moved down, as 
at 3, the magnetic axis is tilted downward with reference to the tube axis. If the plate is shifted toward 
either the right or left the magnetic axis will be correspondingly tilted sideways away from the tube axis. 

It has been explained earlier that the picture or pattern will not move on the screen in the same direction 
that the magnetic field is tilted, whether the focusing magnet is a coil type or a permanent magnet type. 
The centering plate is shifted in whatever direction the desired direction of picture shift occurs. 

There are many styles of focusing and centering devices which employ permanent magnets. To illustrate 
in a general way what you may expect to find in these units we shall examine in detail the one pictured by 

FOCUS f CENTERING 
MAGNET PLATE 

Fig. 61-12. The action of a centering plate mounted on a permanent magnet used for focusing. 
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Fig. 61-13. One style of permanent-magnet focusing and centering device. 

Fig. 61-13. This is a type used in a number of television receivers. The stationary magnetic structure con-
sists of front and back circular plates between which are three equally spaced Alnico magnets. Focusing 
is adjusted by turning the large screw whose slotted end protrudes through the rear plate. This screw moves 
a shunting ring lengthwise of the internal openings. The centering adjustment is a curved handle which 
moves a plate to shift the axis of the focusing magnetic field. 
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Various structural details of this particular device are illustrated by the sectional drawings of Fig. 61-
14. At the left is shown the manner in which the focusing screw moves the shunting sleeve or ring. The 
rear magnet plate is formed with an inward cylindrical extension that goes around the neck of the picture 
tube. This extension is lined with felt to protect the glass of the tube. The focusing sleeve is around the 
outside of the extension, allowing the metal portion of the magnetic circuit to pass from the extension 
through the movable sleeve. The sleeve is supported from its integral boss through the opening in which 
extends the inner end of the focusing screw. The screw is threaded through the rear stationarymagnet plate, 
so that turning the screw moves the screw and the attached focusing sleeve one way or the other. Moving 
the sleeve to the right in the drawing, or toward the picture tube screen, shortens the air gap between the 
sleeve and the front magnet plate. This reduces the strength of the magnetic field that passes through the 
picture tube electron gun. 

At the right in Fig. 61-14 is shown the centering adjustment. There is a centering shutter or aperture 
plate that operates on the principle illustrated in Fig. 61-12. One side of the shutter has an extended tongue 
in which is a slot that fits over a pivot set into the front magnet plate. This slot allows the shutter to be 
moved up and down when in the position shown by the drawing. On the opposite side of the shutter plate 
is another tongue having a small opening into which fits the tip of the focusing handle. 

FOCUSING 
ÇSCREW 

REAR 
MAGNET 
PLATE 

Neb.-

CENTERING 
SHUTTER 

MAGNET 

CENTERING 
HANDLE 

FOCUSING 
SLEEVE 

FRONT 
MAGNET 
PLATE 

MOVEMENT AT 
TOP OF SHUTTER 

PIVOT 

Fig. 61-14. Details of adjustments for focusing and centering with a permanent magnet structure. 
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Fig. 61-15. A method for adjusting the position of a centering plate. 

The focusing handle is supported in the rear magnet plate by a sort of universal joint. Moving the ex-
posed end of the handle down will move the shutter up, moving the handle up moves the shutter down, mov-
ing the handle to the left shifts the shutter to the right as it pivots on its lower tongue opening, and mov-
ing the handle to the right shifts the shutter opening to the left. The universal mounting allows any pos-
sible combination of these shutter movements, and allows tilting the axis of the focusing magnetic field in 
any direction with reference to the picture tube axis. The shutter is held in its adjusted position by friction 
between the front face of the shutter and the inside of the front magnet plate. Frictional contact pressure 
is maintained by the coiled spring around the centering handle extension between the two magnet plates. 
The centering handle or centering " stick" may be straight rather than curved, and may extend to several 
inches back of the magnetic structure. 

kit styles of permanent magnet focusing and centering devices are supported on the bracket that carries 
the deflecting yoke. Holes for the supporting screws are enlarged or slotted to allow preliminary positioning 
of the magnet unit with its center on the center line through the picture tube. Some of these magnetic units 
are carried on trunnions or adjustable mountings which allow them to be tilted bodily, just as a focus coil 
may be tilted. This tilting of the entire magnet structure may be the sole means for centering the picture, 
with the only magnetic adjustment that for focusing. The focusing adjustment may be by means of magnetic 
shunting screws, as at 3 in Fig. 61-11, instead of with a shunting ring. 
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Centering plates quite often are adjusted with some such arrangement as shown by Fig. 61-15. A tongue 
on the bottom of the plate is held between two guide pins. On the plate at a point opposite this tongue is a 
slotted extension through which passes a locking screw fitted with a thumb nut. This screw passes also 
through a curved slot whose "tangent" is at right angles to the slot in the centering plate extension. This 
right-angled slot is formed in some stationary part of the device. With the thumb nut loosened, the center-
ing plate may be shifted to whatever position centers the picture, and held in this position by tightening 
the thumb nut. 

In still other designs the centering plate is moved into the required position by turning two eccentrics, 
which are discs carried by a pin or screw at a point that is offset from the center of the disc. The plate is 
held in its adjusted position by the tension of small coiled springsthat press against the sides of the cen-
tering plate that are opposite the eccentrics. 

All these focusing and centering adjustments on permanent magnet units are mechanical arrangements 
whose methods of operation are quite evident upon inspection, orwhose effects become apparent when mak-
ing careful preliminary movements of what appear to be the adjustments. 

Focusing and centering adjustments almost always must be altered during setting of an ion trap magnet. 
As emphasized in earlier instructions, the trap magnet should be placedonly for maximum brightness of the 
raster. Shadowing should be eliminated by the centering adjustment, or, if necessary, by moving the entire 
magnetic structure to bring its center on the tube axis or to tilt it with reference to the structure to bring 
its center on the tube axis or to tilt it with reference to the tube axis. 

Adjustments for focusing and centering with permanent magnet units should be made only with a non-
magnetic tool. A steel-bladed screw driver may so affect the focusing and centering magnetic field that per-
formance will change as soon as you take away the tool. Focusing screws of the general type pictured in 
Fig. 61-13 are easily turned by using a silver dime or a copper cent, both of which are non-magnetic. The 
practice of using a non-magnetic tool is a good one to follow also when adjusting the tilt of an electro-
magnetic focus coil. 

ELECTROSTATIC FOCUS WITH MAGNETIC DEFLECTION. To retain the advantages of magnetic de-
flection while eliminating external focusing devices of all kinds some tubes are designed for electrostatic 
focusing and for use of the usual type of magnetic deflecting yoke. This combination was used in several 
types of picture tubes which have become obsolete, and is found in one 7- inch tube (7DP4) which still is 
found in some receivers, and again has been revived in a number of comparatively new types in sizes from 
14- to 20-inch face diameter or the equivalent rectangular sizes. 

The electron gun structure is similar to that of the familiar electrostatic deflection and focus tubes ex-
cept for having no deflecting plates. The focusing anode is operated usually at 20 to 25 per cent of the 
voltage applied to the second anode or high-voltage anode. Voltage on the first ( focusing) anode is adjust-
able for focusing the electron beam. There is, of course, no focus coil or magnet which may be tilted for 
centering the picture. Centering is handled by adjustable direct currents in the horizontal and vertical de-
flecting coils, just as earlier described for tubes having magnetic deflection combined with magnetic fo-
cusing. 
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HIGH-VOLTAGE POWER SUPPLIES - I 

Picture tubes operated with magnetic deflection require from 8,000 to 14,000 d-c volts or more for their 
anodes. Tubes using electrostatic deflection and focus require 4,000 to 6,000 d-c volts for their high-
voltage anode, and something like 800 to 1,200 volts for the focusing anode. Such anode voltages are 
furnished by a high-voltage power supply system that is separate from the low-voltage system used for 

plate, screen, and grid biasing voltages of all the other tubes. 

Energy for the high-voltage power supply is taken from the low-voltage supply in the form of a small 
direct current which, in most cases, is at 125 to 350 volts. The only way of increasing the voltage with 
apparatus such as may be installed in television receivers is to use a step-up transformer. A transformer 
will operate only from alternating or pulsating current, not from direct current as taken from the low-
voltage power supply. Consequently, the first step toward raising the voltage is to change the direct 
current from the low-voltage system into alternating or pulsating current for the step-up transformer. 

There are two commonly used methods for securing an alternating or pulsating current from the original 

direct current. In receivers having magnetic deflection picture tubes a suitable pulsating current is pro-
duced incidentally in the sweep circuit, from energy taken into this circuit from the low-voltage supply. 
The sudden reversals of horizontal deflection current cause corresponding pulses of voltage in the sweep 
output transformer. By auto-transformer action these voltage pulses are stepped up to a value high enough 
for the picture tube anode circuit. Then we have a pulsating high-voltage at the horizontal frequency of 
15,750 cycles per second. This high voltage is rectified, and the resulting direct current is fed to the 

picture tube anode. Such an arrangement is called a flyback high-voltage power supply. 

The parts of one flyback high-voltage system are illustrated by Fig. 62-1. We have looked at pictures 
of other arrangements in earlier lessons. In the present design the rectifier tube is supported in a hori-
zontal position. Back of the rectifier are the horizontal sweep amplifier and the damper tubes. These 
three tubes, amplifier, damper, and rectifier, nearly always are close together on the chassis. Down 
below the rectifier may be seen part of the sweep output transformer. In this design the remainder of the 
of the transformer extends under the chassis. At the extreme right, supported by a stud on the chassis, 

is the high-voltage filter capacitor, and near the rectifier socket is the filter resistor. 

With the second type of high-voltage power supply we change the original direct current into alternating 

current by using an oscillator whose output frequency usually is between 100 and 300 kilocycles. The 
high-frequency oscillator current is used in a step-up transformer to secure a voltage high enough for the 
picture tube anode or anodes. This high voltage then is rectified and fed to the anode circuit. This 
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Fig. 62-1. The principal parts of a flyback type high-voltage power supply. 

arrangement usually is called an r-f (radio-frequency) high-voltage power supply. It is used with electro-
static-deflection picture tubes, where there are no sawtooth currents whose reversals would operate a fly-
back power supply, and is used also instead of the flyback system for many magnetic-deflection picture 
tubes. 

Fig. 62-2 is a picture of one style of r-f high-voltage power supply We have looked at other examples 
of this type in earlier lessons. here the oscillator tube is at the left, and at the right is the high-voltage 
rectifier tube. Between the two tubes is the air-core step-up transformer. fficient operation is obtained 
with an air-core transformer rather than an iron-core type because of the high operating frequency. Other 
parts of this power supply are underneath the base plate. Directly below the oscillator is an adjustable 
capacitor used for varying the output voltage from this system. 

ith either type of high-voltage power supply we commence with d-c energy from the low-voltage system. 
This energy first produces pulsating or alternating current and voltage. Then the voltage is increased by 
a transformer, and finally is rectified to furnish high direct voltage and current for the picture tube anodes. 
In order to obtain a high voltage we have to go from direct current to alternating or pulsating current, then 
back to direct current. 

Terminals at which potentials are thousands of volts in the flyback system include the top caps of the 
sweep amplifier and rectifier when these tubes are of types having such caps, also the terminals or lugs 
on the rectifier socket. With an r-f high-voltage supply the high-potentials are at the rectifier top cap, if 
used, and also at the rectifier socket and the transformer terminals. 
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These high-voltage points always are covered in some manner that protects you and others against 
shock. In the majority of receivers the parts of the high-voltage supply are enclosed within a metal shield 
that is perforated or has other ventilating openings. You positively must not work on high-voltage ele-
ments while their cover is removed and the power cord is plugged into a line receptacle. Turning off the 

receiver switch is not enough to avoid danger. 

Nearly all receivers are equipped with some form of safety interlock that opens the line power circuit 
when the cover is removed from the high-voltage supply or, in many cases, when the cabinet is opened to 
give access to the chassis. This interlock commonly consists of a double-pin recessed male socket 
mounted onahe chassis and a female plug that fits into the socket. The socket pins are connected to the 
off-on switch and to the primary of the low-voltage power transformer in the chassis. The plug is attached 
to the cover of the power supply or to a removable back panel of the cabinet, and is on the receiver end 
of the line cord. The power supply cover or the cabinet back cannot be removed without taking the at-

tached plug with it, which automatically cuts off the line power. 

To avoid the necessity of replacing the power supply cover or the cabinet back every time you wish to 
apply power for observing the effect of adjustments, you can use a special line cord available from radio 
and television supply stores. One end of this cord is a double female plug that fits the safety socket on 
most receivers, and on the other end is a regular two-prong plug to fit a line power receptacle. When 
using a cord of this kind you always must disconnect it before touching any parts of the power supply 

with your fingers or any tool. 

Fig. 62-2. Tubes, transformer, and voltage adjusting capacitor of an r-f high-voltage power supply. 
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Some receivers have in series with their regular off-on switches a safety switch of the spring plunger 
type. This safety sivitch remains closed while the plunger is depressed, and opens when the plunger is 

released. The switch is pressed closed by the cabinet back when put in place, thus allowing power to be 
applied when the regular off-on switch is turned on. Removing the cabinet back or any access panel 
releases the switch and opens the line power circuit. Such a switch may be pressed closed while you 
observe the effects of adjustments or replacements, but it always must be open or else the line cord must 

be disconnected while you do any work on the high-voltage units. 

FLYBACK POWER SUPPLIES. Fig. 62-3 is a circuit diagram for a flyback power supply and parts 

associated with it. When plate current is cut off in the horizontal sweep amplifier, at the instant for re-
trace, there is sudden collapse of the magnetic fields which have been built up around the output trans-
former and deflecting coils during the relatively slow increase of sawtooth current. The rapid cutting of 
the field lines through the turns of the transformer winding induces proportionately high emf's in the 
windings. The induced emf is positive on the rectifier plate end of the primary while negative on the 

damper plate end of the transformer secondary. 
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Fig. 62-3. Circuits of a typical flyback type high-voltage supply. 
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Due to the relatively great number of turns in the primary winding the emf induced in this winding 
reaches a peak value of around 4,000 to 6,000 volts. The primary winding has an extension or has ad-
ditional turns beyond the connection for the sweep amplifier plate. The entire winding becomes an auto-
transformer in which the originally induced emf is stepped up to between 8,000 and 12,000 volts, or to 
whatever voltage is required for delivering power to the picture tube anode. The power that is furnished 
to the anode circuit comes from energy that has been stored in the magnetic fields of the transformer and 
deflecting coils during the gradual rise of sawtooth current between retrace times. 

The positive pulses of high voltage from the auto-transformer section are applied to the plate of the high 
voltage rectifier. The filament-cathode of the rectifier is affectively at ground potential so far as the high 

-frequency pulses are concerned, because of its connection to ground through the rather small capacitive 
reactance of the filter capacitor Cf. Thus the filament-cathode of the rectifier is on the negative side of 
the high-voltage power circuit while the plate is positive. The voltage pulses are rectified to produce 
across the filter capacitor a direct voltage nearly equal to the peak-to-peak value of the pulse voltage ap-

plied between plate and filament-cathode of the rectifier. 
Current taken from the filter system for the picture tube anode is very small, only a few microamperes. 

This makes it possible for the small filter capacitor and the filter resistor Rf to remove the horizontal 
frequency variations from current that goes from the filter to the picture tube anode. 

In some high-voltage supplies there is a 1/4-ampere fuse in the line going to the low end of the hori-
zontal output transformer. This fuse will blow and prevent burn-out of the transformer winding should the 
sweep amplifier tend to draw excessive current. Excessive plate current may result from an internal 
short circuit between elements of the tube, or it may result from the tube becoming gassy. A gassy tube 
is one in which gases have been released from some of the metal elements due to overloading or to manu-
facturing defects. Should the fuse blow, it nearly always indicates a defective horizontal sweep amplifier, 

which should be replaced with a good tube before installing a new fuse. 

It is important to note that pulses of induced emf, at 4,000 volts or more, exist at the plate cap or the 

plate terminal on the socket of the horizontal sweep amplifier. This is the reason for keeping away from 
this terminal, and especially for not attempting to make any plate voltage measurements with an ordinary 
voltmeter having a range only high enough for average plate voltage, not for the pulse peaks. 

The voltage delivered from the power supply to the picture tube anode depends not only on the step-up 
ratio of the auto-transformer section but also on the amount by which the primary and secondary currents 
change in producing the voltage pulses. As mentioned before, the output voltage or anode voltage is 

varied by adjustment of the drive control and by adjustment of some types of negative peaking control. 
This voltage is varied also by voltage applied to the screen of the horizontal sweep amplifier, the greater 
the screen voltage the higher the picture tube anode voltage within limits. Still another factor is the d-c 

voltage applied from the low-voltage power supply to the deflecting coil circuit or to the damper tube. 
Higher d-c voltage will raise the picture tube anode voltage. 

Some high-voltage output transformers have several taps on the secondary winding that connects to the 
deflecting coils. Moving the cDnnection to a tap which includes more winding turns will raise the output 
voltage. This, ordinarily, is not a good way to change the picture tube anode voltage, because the taps 

are provided to allow matching the impedance of the transformer winding to the impedance of the deflect-
ing coils. Matching these impedances allows maximum power transfer to the deflecting coils, and chang-
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Fig. 62-4. Tapped secondary on a flyback output transformer. 

ing the tap connection may cause deflection trouble. Fig. 62-4 shows one type of deflection circuit in 

which the transformer winding is provided with taps. This diagram shows also some of the variations to 
be expected in horizontal sweep circuits. 

In transformerless or ac-dc television receivers the circuit points which otherwise might connect to 
chassis ground would connect to I3-minus. This is illustrated in Fig. 62-4. In some such receivers there 
may be a resistor and capacitor, Rs and Cs between the two primary sections of the output transformer. 
The capacitance may be about 2,000 mid, providing a reactance of only 5,000 ohms around the half-
megohm resistor, and thus completing the primary circuit for the horizontal line frequency. These units 
prevent a low-resistance short circuit from power line to chassis should the anode cable connector ac-

cidentally touch the chassis. ‘,‘hen these safety units are not used the anode connector should be sup-
ported rigidly or in some other manner which prevents it from touching the chassis when disconnected 

from the picture tube. 
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VOLTAGE BOOSTING. With flyback circuits such as shown by Figs. 62-3 and 62-4 there is available 
a " boosted" positive voltage which is greater than the B plus voltage applied from the low-voltage power 
supply. The voltage boost results from the following action. 

The damper tube conducts during a considerable portion of each sawtooth cycle in the deflecting coil 
circuit. There are peaks of conduction current when the first oscillation cycle is damped during each 
retrace period. We learned about this conduction when tudying the subject of damping. The damper 
conduction current, charges the capacitor which is between the damper cathode and ground or B-minus, 
the capacitor that is on the damper side of the linearity control choke coil. Conduction current passes 
through the choke to also charge the capacitor at the other end. 

Because of conduction current peaks during retrace periods these capacitors are charged to voltages 
higher than the B plus voltage applied to the circuit. The inductance of the linearity choke combined 

TO HIGH 
VOLTAGE ANODE 

8+ 

r-.7----et WIDTH 
DAMPER 

Fig. 62-5. Voltage boosting circuit without linearity adjustment choke. 
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Fig. 62-6. Voltage boosting with only capacitors on the damper cathode line. 

with the two capacitances form what amounts to a "low-pass" filter similar in action to a choke-capacitor 
filter used in low-voltage power supplies. The filter partially smooths the boosted d-c voltage. 

The amount of boost may be almost anything from 40 to 250 volts, depending on the circuit design This 
relatively high voltage is applied to the plate of the horizontal sweep amplifier through the output trans-
former primary. The boosted voltage often is used also for the sweep amplifier screen, for horizontal and 
vertical sweep oscillators, and sometimes for the vertical sweep amplifier plate. 

The choke of the linearity control is not essential for voltage boosting. It is the capacitors which 
store the energy from current pulses, the choke merely helps to smooth or to vary the waveform of boosted 
voltage. One style of booster circuit using only capacitors and resistors is shown by Fig. 62-5. The 
capacitors here are connected between the damper cathode and the B plus line, just as are the capacitors 
at the ends of some of the linearity control chokes which we have seen in other circuits. This effectively 
returns one side of the capacitors to ground or 13-minus because the positive side of the B plus lines 

always is bypassed through large capacitances to ground or to B-minus at one or more points. 

Fig. 62-6 shows another voltage boosting circuit. Here there is energy storage in capacitors Ca and 

Ch, but there is neither a choke nor a resistor between damper cathode and the transformer primary. The 
boosted voltage is applied to the sweep amplifier plate and is taken also through dropping resistors to 
other tubes at connections such as A and B. Additional filtering or smoothing for the other circuits is 
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provided by capacitor Cc and by other capacitors between the various leads and ground or B-minus. 

VOLTAGE DOUBLING. In some receivers which have 16-inch and larger picture tubes, and in a few 
which have smaller tubes, the voltage from the high side of the horizontal output transformer is approxi-
mately doubled for the picture tube anode. This is accomplished by using two high-voltage rectifiers in a 
voltage doubler circuit. Such a power supply system is shown by Fig. 62-7. The two rectifiers are alike. 
Each has its own separately insulated filament winding on the transformer. Capacitors Ca, Cb, and Cc 
usually are of about 500 mmf capacitance, but may be as large as 1,000 mmf. All are high-voltage types, 
rated at 10,000 to 15,000 volts or more, according to the voltages at which the system works. Resistor 
Rd may be of some value between one and four megohms, often consisting of several resistors in series to 
lessen the chances of breakdown. 

Because this doubler system is supplied with pulsating voltage rather than with alternating voltage of 
approximately sine wave form the circuit and its performance are not quite the same as with the doublers 
studied in connection with low-voltage power supplies. 

CB 

Fig. 62-7. Connections for voltage doubling with a flyback power supply. 



COMMERCIAL TRADES INSTITUTE 
TELEVISION 

Lesson No. 62 — Page 10 

ig. 62-8. Electron flows during voltage doubling with positive pulse voltage as the source. 
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The doubling action may be explained with the help of Fig. 62-8. Diagram 1 represents a period during 
which a positive voltage pulse is being applied from the tiansformer to the plate of rectifier A. This recti-
fier becomes conductive, and there is electron flow as shown by arrows, from the relatively negative 
ground connection through capacitor Ca and rectifier A. Capacitor Ca thus is charged in the marked polar-

ity. 

After the positive pulse has ceased, the plate of rectifier A becomes negative with reference to ground, 

as in diagram 2. The charge voltage which is on capacitor Ca now causes elèctron flow through capacitor 
Cb, resistor Rd, and capacitor Ca as shown by arrows. The polarity of the charge put into capacitor Cb 
is such as to make its right-hand terminal positive, and since this terminal is connected to the plate of 

rectifier B the plate is made positive and B may conduct. 

At the next positive pulse we have the conditions shown by diagram 3. Although the charge voltage on 
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capacitor Ca is acting in such polarity on the cathode of rectifier B as to hold this rectifier non-conduc-
tive, the combined strength of the new positive pulse and of the voltage which has been put on capacitor 
Ch overcomes the opposing voltage of Ca, and rectifier 13 conducts. The resulting electron flow in the 
direction of the arrows charges capacitor Cc in the marked polarity. 

K.̀?) The result of the actions which have been described is to charge both Ca and Cc to voltages very 
nearly equal to the peak pulse voltage from the transformer. The two charged capacitors are in series 
with each other and the picture tube anode circuit, as shown by diagram 4. The voltages of the series 
capacitors add together, and apply between the picture tube anode and cathode a total potential difference 

almost double the pulse voltage. Electron flow in the anode-cathode circuit then is as shown by arrows 

in diagram 4. 

You will realize, of course, that the actions illustrated by diagrams 1 and 3 of Fig. 62-8 do not occur 
during alternate pulse periods, both of them occur every time there is a positive pulse. Also, the anode-
cathode electron flow of diagram 4 is continual because the two capacitors are being continually recharged 
by the voltage pulses and are continually losing some of their charge through the picture tube. 

FILTERING FOR FLYBACK POILER SUPPLIES. As you will recall from our earlier studies of filtering 
for d-c power supply systems, the problem is made easier when only small currents are required. In the 

case of the anode supply for picture tubes the current varies with intensity of the electron beam or with 
variations of control grid voltage which control the beam. For even the brightest parts of any picture, 
when operating voltages are those ordinarily used, the anode current is unlikely to reach 150 micro-
amperes, and the average current will be much less. Accordingly, the filtering for the anode supply may 

be quite simple. 

We learned also when first studying the matter of filters that the output becomes more nearly a smooth 
direct current as the supply frequency is increased. Viith flyback power supplies the frequency is 15,750 

cycles per second, which further adds to the ease of filtering. 

With the commonly employed circuits of Figs. 62-3, 62-4, and 62-9 the filter capacitor Cf usually is of 
500 mmf capacitance, and is rated at 10,000 volts or more according to the actual working voltage of the 
system. The filter resistance at fif most often is between a half-megohm and one , megohm, although it may 
be less than a half-megohm and in some cases there is no filter resistor at all. 

When an all-glass picture tube has both external and internal conductive coatings, as in Fig. 62-9, the 
capacitance of these coatings, with the glass for dielectric, forms a second filter capacitor because the 
external coating is connected to ground. This capacitance of the conductive coatings increases with 
picture tube diameter. It never is less than 500 mmf, and in some of the largest all-glass tubes may go 

as high as 4,000 mmf. 

In Fig. 62-9 the low end of filter capacitor Cf is shown connected to the line on which is the damper 
plate instead of to ground as in many of our other circuit diagrams. Connection to the damper or deflec-
ting coil circuit raises the voltage applied to the picture tube anode because the potential of the entire 
high-voltage filter system thus is raised above ground potential by the amount of voltage in the damper 
or coil circuit. Voltage peaks in this circuit may be far higher than the average value of B-plus voltage 
coming to it from the low-voltage supply, and picturé tube anode voltage may thus be raised by as much 
as 1,000 volts above the value secured with the filter capacitor to ground or B-minus. 
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Fig. 62-9. How the coatings and glass envelope of a picture tube act as a power supply filter capacitance. 

( 2)it is interesting t note the results of certain tube failures in a receiver which has a flyback type 
high-voltage power supply. When plate voltage for the horizontal sweep amplifier is taken from the boost-
ed supply at the damper cathode, failure of the amplifier will stop the voltage pulses in the output trans-
former. Then there will be no high accelerating voltage applied to the picture tube anode to draw the 
electron beam, and the screen will remain dark. Naturally, the same thing happens with failure of the 

damper tube, for then there is no boosted voltage. 

the horizontal sweep oscillator or the discharge tube fails to deliver sawtooth voltage to the sweep 
amplifier there can be no voltage pulses to operate the flyback system, and the picture tube screen will 
remain dark because there will be no accelerating voltage for the electron beam. Should the vertical 
sweep circuit develop such faults as to prevent vertical deflection, while the horizontal sweep circuit 
continues to operate, there will be only a horizontal line of light across the picture tube screen. 

It is fortunate that faults which would stop deflection of the electron beam will prevent the bean, from 
reaching the picture tube screen. An undeflected beam of any intensity would maintain a bright stationary 
spot of light on the screen, and would leave a permanent blemish after only a short period of such op-

eration. 
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Interesting also is the fact that sudden changes of currents and voltages in the flyback power system 
occur during horizontal retrace periods, while the electron beam is blanked. Consequently, these pulses 
do not interfere with picture reproduction. These systems can, however, radiate interference waves 
which may be troublesome for nearby radio receivers. This is one reason for enclosing the power supply 
elements within a metal cover grounded to the chassis. 

HIGH-VOLTAGE RECTIFIERS. Doubtless you have noticed that in all the circuit diagrams of high-
voltage power supplies the rectifier tubes are of the half-wave type with a filament-cathode and a plate 
as the only elements. A half-wave rectifier is entirely satisfactory in this service, because of the easy 
filtering requirements. A much more intricate pulse-voltage supply circuit would be needed to operate a 
full-wave rectifier. 

For the three types of high-voltage rectifier tubes most commonly used Fig. 62-10 shows relative sizes 
and proportions of the bulbs and also the positions and connections of the base pins. The 1B3-GT is 
largest of the three types illustrated and is rated for highest maximum voltage peaks, highest maximum 
current peaks, and highest average current. This tube has an octal base with six pins, of which numbers 
2 and 7 connect to the filament. The plate is connected to a top cap. The remaining pins may be con-
nected to pin 7, but otherwise must not be used. 

Fig. 62-11 is a picture of the 1B3-GT tube. The plate is a hollow metal cylinder attached to the top 
cap. The filament is well up inside the plate. Below the plate and above the base is a cylindrical metal 
shield which is internally connected to pin 7. 

1133-GT 

1X2 

1V2 

Fig. 62-10. Relative sizes and base pin connections of three 

high-voltage rectifier tubes. 
Fig. 62-11. A 1B3-GT high-voltage 

half-wave rectifier tube. 
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The 1X2 and 1V2 rectifiers are miniature types, 
nected to a top cap which is of smaller size than 

internally connected to pins 2, 5, and 8. The other 
6. The internal shield is connected to pins 1 and 9. 

both with 9-pin bases. The plate of the 1X2 is con-
the cap on the 1B3-GT. One side of the filament is 
side of the filament is connected to pins 9. 1, t, and 
Only pins 3 and 7 have no internal connection. 

The 1V2 rectifier is the smallest of the types shown by Fig. 62-10. It has no top cap, rather the plate 

is connected to pin 9. The filament is between pins 4 and 5. This tube is rated for 7,500 volts maximum 
peak inverse plate voltage. The similar rating for the 1X2 is 18,000 volts, and for the 1B3-GT is 30,000 

volts. Any of these tubes may be mounted in any position. 

Filament power for all these high-voltage . ectifiers is secured from one or two turns of heavily insulated 
wire on the horizontal output transformer. The 1B3-GT and 1X2 filaments operate at 1.25 volts and 0.2 
ampere. The 1V2 filament operates with 0.625 volt or 5/8 volt and 0.3 ampere. The small number of turns 
on the output transformer is required because of the very great step-down ratio needed for the low filament 

voltages. 

The filaments are heated by voltage and current at the horizontal line frequency of 15,750 cycles per 
second, but they are so large and heavy that they lose almost no heat and undergo negligible change of 
temperature between voltage and current pulses. Such filaments are said to have high " thermal inertia". 

It is not practicable nor is it safe to make measurements of rectifier filament voltage with any ordinary 

equipment, because of the very high voltages at the filaments while the receiver is in operation. Should 
it ever be necessary to check the filament operation of either the 1B3-GT or the 1X2 it is done by com-
parison of the brightness with that of a filament known to be good. The recommended method is to apply 
to the filament of a good tube a direct voltage or a low-frequency alternating voltage of 1.25 volts and 

to look at the illumination reflected from the surface of the internal shield. This must be done in a dark-
ened room. When the reflection from the good filament is apparently equal to that from the filament being 
checked their operating voltages and currents are nearly enough equal for satisfactory and safe operation. 

The filament of the 1V2 rectifier cannot be checked with the method just described. With any of these 
tubes which you suspect of faulty operation the normal service procedure is to try a new tube known to be 
in good condition. If this corrects the troublethere is no need for making intricate checks, and if the 

trouble remains it is not the fault of the rectifier tube. 

MEASURING HIGH VOLTAGES. You must not attempt to measure voltages at the anodes or in the 
anode circuits of picture tubes without equipment designed for, or especially arranged for, such measure-
ments. You also must observe many precautions which are not necessary when measuring lower voltages. 

The purpose of these precautions is to avoid electric shock. 

You can get a severe shock in spite of receiver design features which have been adopted to lessen the 
danger. All types of high-ieoltage power supplies now used in television receivers store very little energy 
in their capacitors. Also, the filter and voltage-divider resistances are high enough to cause, intention-

ally, very poor voltage regulation. This means that additional current drain, such as your body would 
draw should you get a shock, almost instantly drops the voltage to a relatively low value. 

For anyone in normally good physical condition a shock from a high-voltage power supply circuit will 
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not be fatal nor even dangerous in itself, but it can be most uncomfortable. You are almost certain to 
jerk your hands and arms violently, and quite probably this will wreck some of the equipment with which 

you are working. 

The first precautions are these. Your hands, your shoes, the work bench, and the floor on which you 
stand must be dry. Before the plug on the receiver power cord is inserted in a line receptacle you should 
wipe away any films of moisture or dust from around the points at which voltage is to be measured. Make 
a preliminary examination to locate all exposed points at which there may be high voltage, preferably 
with the help of a circuit diagram. Then you can keep clear of all such points except the one to be 

checked. 

Make no test connections with wire having ordinary insulation. Use only flexible test lead which is 

insulated for 15,000 volts or more. Such lead wire is available from all radio supply houses. Véhen actu-
ally making a voltage measurement, with power applied to the receiver, use only one hand. It is safest 
to keep the other hand in your pocket. Then no shock current can go through the vital organs in your 

body, and your working hand cannot be hurt to any great extent. 

Following is the general procedure when making voltage tests without using a high-voltage probe 

designed for such work. 

1. Pull the power cord plug out of the line receptacle. Do not merely turn off the switch on the 

receiver. 

2. Place the test connections so that nothing need be held by hand. Use insulated spring clips, or 

wedge the connections in place, or solder them temporarily. 

3. Insert the plug in the line receptacle, turn on the receiver switch, and let the receiver warm up for 
a few minutes. Then make any desired observations or meter readings. 

4. Do not remove any test connections until you pull the line plug. 

If other tests are to be made at different points, follow the same procedure all over again. It is most 
important never to touch any test connections while the power plug is inserted in a line receptacle. 

If test connections are to be made or changed immediately after a receiver has been in operation it is 
rather common practice to make sure that all power supply filter capacitances are discharged. This can 
be done as follows, in a set using a magnetic-deflection picture tube. Remove the high-voltage anode 

lead by grasping the rubber cover for the terminal. Touch the cable terminal to chassis metal. With a 
piece of insulated wire bared at both ends hold one end on chassis metal and then touch the other end to 
the anode connector on the picture tube. In sets having electrostatic-deflection picture tubes the filter 
capacitors discharge through the voltage divider. 

Make it a rule never to handle the lead to a picture tube anode unless the power cord plug is with-

drawn from the line receptacle. Remember that the first or focusing anode of a picture tube operating with 
electrostatic deflection is at a potential around 1,000 volts, or maybe much more. Treat this anode and 
its connections just like the high-voltage anode or second anode. Do not attempt voltage measurements 
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at the caps of a high-voltage rectifier in any power system, nor at the cap of a sweep amplifier where there 
is a flyback power supply. There are high alternating or pulsating frequencies at these caps. 

One difficulty in making high-voltage measurements is that you won't know just what voltage should 
be present unless you have access to service data for the particular receiver. In a very general way the 

typical or average anode voltages for magnetic-deflection picture tubes are as follows. 

The anode voltages 
as 20 per cent lower. 
as I6-inch tubes, or 
3,500 and 4,500 volts 

anode voltage. 

ANODE LEAD 

MOVING COIL 
OR 

ELECTRONIC 
VOLTMETER 

10-inch tubes 
12-inch tubes 
14-inch tubes 
16-inch tubes 

7,500 to 9,000 volts 
8,000 to 12,000 volts 
9,000 to 12,000 volts 

11,000 to 14,000 volts 

seldom will be higher than those listed, but still may be satisfactory when as much 
Tubes larger than the 16-inch size ordinarily take about the same anode voltage 

not much more. Second-anode voltage for electrostatic tubes usually is between 
. Voltage at the first or focusing anode will be around 20 to 25 per cent of second 

PROBE 

MOVING COIL 

VOLTMETER 
OR MICRO-
AMMETER 

RESISTOR 
STRINGS 

ANY 
VOLTMETER 

Fig. 62-12. Connections of instruments for measuring voltage at anode cable terminals. 
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Actual anode voltage varies with anode current and electron beam current. It is maximum with the beam 
cut off by highly negative grid bias, and is minimum with maximum beam current and maximum screen bright-
ness. As a consequence, the anode voltage varies with setting of the brightness control. You will find 
maximum voltage with the brightness control turned all the way down, and voltage will be lowest with the 
brightness control turned all the way up. The difference between minimum and maximum may be from 1,000 
to 5,000 volts, with the greater variations found with the larger picture tubes. It is common practice to 
measure anode voltages with the brightness control turned all the way down. 

Fig. 62-12 illustrates methods commonly used for making high-voltage measurements. At 1 is repre-
sented either a moving coil voltmeter or an electronic voltmeter equipped with a special high-voltage 
probe in which are several hundred megohms of resistance to reduce the amount of current forced through 
the meter by the high voltage from the anode lead. At 2 is represented either a moving coil voltmeter 

or a microammeter in series with a string of resistors totaling something like 50 megohms to more than 
100 megohms. At 3 is either an electronic or moving coil voltmeter connected across one resistor of a 
string between the anode lead and ground. 

ith any method of voltage measurement some power and some current are required for operation of the 
meter. Because of poor regulation (high resistance) in the power supply this current will cause the supply 
voltage to be somewhat less than without the measuring apparatus connected. The meter may take tnore 
or less current than normally taken by the picture tube. Less meter current would allow a higher voltage 
than normally would exist with the lead connected to the picture tube and the tube operating. Almost 
always the meter will take more current than the picture tube, and the measured voltage will be less than 
actual operating voltage. 

If you have a high-voltage probe for your voltmeter, the probe lead is connected to a meter terminal, 
the tip is touched to the anode cable terminal, and the ground terminal of the meter is connected to 
chassis ground or to B-minus. The tip of the probe extends out from an insulating enclosure back of 
which are several insulating barrier discs to increase the length of current leakage path. Back of the 
discs is the insulating handle. All parts of the probe must be free from dust or dirt, and especially free 
of moisture film. Hold the probe only by its handle, with all fingers back of the barrier discs. 

Where you expect a potential of not more than 10,000 volts it is all right to hold the probe in your hand 
while touching the tip to points at which voltage is to be measured. For higher voltages proceed accord-
ing to the earlier instructions; pull the line plug, make connections, connect the power line, and then 
take a reading. Connect the tip of the probe to the cable terminal with an insulated spring clip or fasten 
them together in any other convenient manner. Support the cable end and the probe on an inch or more of 
clean, dry wood, or on plastic insulation with the live metal parts at least two inches from any other 
metal. 

Resistor strings as used in diagrams 2 and 3 of Fig. 62-12 always should contain at least five or six 
separate resistors with their pigtail leads soldered together for the series connection. The resistors 
should be of the size rated at 2 watts preferably, although the 1-watt size often is used. Always connect 
the meter at the grounded end of the resistor string, never at the high-voltage end. The cable terminal, 
the resistors, and all their oonnections must be supported so that they will remain at least two inches 
from any other metal. Use clean, dry wood or solid plastic insulation for supports. 
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Not more than 50 microamperes should be drawn through resistors and meter if you expect to make 

measurements which have any real meaning. This will require 20 megohms resistance for every 1,000 

volts to be measured. For example, for measurement of 10,000 volts the total resistance should be 10 

times 20 megohms, or 200 megohms. Part of the total resistance will be the internal resistance of the 
meter. The remainder must be in the resistor string. 

A moving coil meter is the type used in service volt-ohm-milliammeters and other types which require 

no connection to a power line for their operation. The movement of such a meter is pictured at the left 
in Fig. 62-13. There is a large and strong permanent magnet between the poles of which is supported 

a small coil of wire. Current from the measured circuit flows through the coil. Reaction between fields 

of the permanent magnet and the coil causes the coil and its support to rotate. The pointer is attached 
to the coil support, which is called the armature. 

Fig. 62-13. The "movement" of a moving coil meter, which might be used in either a voltmeter or a current 

meter. 

The moving coil of the meter has negligible resistance. In series with the coil is connected enough 
resistance to allow the measured voltage to force enough current through the coil to deflect the pointer 

across the meter scale. Sensitivity of the voltmeter is specified as the number of ohms resistance for 
each volt of reading or of pointer deflection. For high-voltage measurements you should use a meter of 
no less senstivity than 20,000 ohms per volt. This sensitivity means a meter current of 50 microamperes 
when the pointer is moved all the way across its scale. 

If the full-scale reading of a 20,000 ohms per volt meter is 1,000 volts the total resistance will be 

1,000 times 20,000 ohms, which comes to 20,000,000 ohms or 20 megohms. If the meter has a range or a 
scale going to 5,000 volts the total resistance will be 100 megohms. 
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Always use the highest range of a moving coil voltmeter. Determine the meter resistance by multi-
plying together the full-scale volts of this range and 20,000 ohms, assuming a sensitivity of 20,000 ohms 
per volt. Then determine the total required resistance by multiplying together 20 megohms and the number 
of thousands of volts you wish to measure with a full-scale reading. If this total is greater than the meter 
resistance, subtract the meter resistance and use the remainder in the external resistor string. 

As an example, assume that you will use a 1,000-volt scale of a 20,000 ohms per volt meter for mea-
suring up to 15,000 volts. Total required resistance will be 15 (thousands) times 20 megohms, or 300 
megohms. The meter resistance will be 1,000. (full scale volts) times 20,000 ohms, or 20 megohms. Sub-
tracting this 20 megohms from the required total of 300 megohms leaves 280 megohms for the resistor string. 

An electronic voltmeter or vacuum tube voltmeter is a rather intricate piece of apparatus. The internal 
construction of one such instrument is shown by Fig. 62-14. The internal resistance of electronic volt-
meters is not easily computed nor measured, and they are not used with a series resistor string as shown 
at 2 in Fig. 62-12. Resistance in the high-voltage probe of diagram 1 in that figure is equivalent to the 
external resistor string, but the probe to be used with any particular electronic voltmeter must be the type 
recommended by the manufacturer of the meter or the probe. 

A rnicroammeter may be used in series with an external resistor string as shown by diagram 2 of Fig. 
62-12. The microanuneter is a moving coil meter without the added internal resistance that would make it 
a voltmeter. 'The internal resistance of the microammeter is entirely negligible, and does not enter into 
determinations of total required resistance. 

The mickoammeter should have a full-scale range of 100 to 500 microamperes. To determine the total 

Fig. 62-14. The internal construction of an electronic voltmeter or vacuum tube voltmeter. 
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required series resistance in megohms, divide the highest voltage that you intend to read by some number 
less than the full-scale microamperes. For example, to read up to 15,000 volts on a 150 microampere 
meter you might divide 15,000 by 100, the latter number being less than the full-scale microamperes. The 
quotient of the division would be 150, which is the number of megohms to be used in the resistor string. 

When using the microammeter you translate microamperes of scale reading into volts by muhiplying 
together the indicated number of microamperes and the number of megohms in the resistor string. Were 
you using 150 megohms resistance, and were the meter to read 60 microamperes, you would multiply 60 by 
150 to learn that the measured voltage is 9,000. 

When using the measurement method illustrated at 3 in Fig. 62-12 you may use in the resistor string 
any total resistance which does not allow excessive current to be drawn from the high-voltage power 
supply or the anode cable. The resistor at the grounded end of the string, the one across which the meter 

is connected, should be of only one megohm. The meter resistance must be much greater than the current-
carrying resistor across which connected. 

Total resistance from the anode cable to ground, and also the resistance across which the meter is 

connected, must be measured accurately. Then voltage at the anode cable terminal is determined with the 

following formula. 

Anode meter reading, 

volts volts 
X 

total resistance, cable to ground 

resistance across meter 

Resistance must be in the same unit, ohms or megohms in both places. 

Ilere is an example. Total resistance, 26.2 megohms. Resistance across meter, 1.2 megohms. Meter 

reading, 355 volts. 

Anode 

volts 

26.2 
355 x 355 x 21.8 (approx.) 7739 or 7740 

1.2 
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POWER SUPPLIES - II 

R-F HIGH-VOLTAGE POWER SUPPLIES. An r-f type of high-voltage supply first changes d-c energy 
to oscillating voltage and current at some rather low radio frequency, then steps up the oscillating voltage, 
rectifies this voltage, and delivers the resulting direct current at high voltage to the picture tube anode or 
anodes. The essential tubes are an oscillator and a rectifier. 

R-f high-voltage power supplies can be used with either magnetic-deflection or electrostatic-deflection 
picture tubes, for these power systems do not depend for their operation on voltage or current pulses from 
any other circuits. The flyback power supply can be used only with picture tubes employing magnetic de-
flection, for this type of supply depends primarily on sudden changes of current in the deflecting coil 
circuit. 

R-f power supplies have been used with most of the electrostatic picture tubes during all the years in 
which television has been popular, and now are found in all the new sets which contain 7-inch electro-
static picture tubes. R-f power supplies are sometimes used also in receivers having magnetic-deflection 
picture tubes, and can be used in all sizes from 10-inch to 16-inch, operating at 8,000 to 14,000 anode 
volts. 

Fig. 63-1 shows fairly typical circuit connections for an r-f power supply. Direct voltage and current 
for the oscillator plate and screen come through the input filter from the low-voltage B supply of the re-
ceiver, The rectifier is a halfwave high-voltage type such as used also in flyback power supplies. Be-
tween the oscillator and rectifier is connected the step-up transformer, with its primary winding in the 
oscillator plate circuit and its secondary in the rectifier plate-to-ground circuit. On the transformer are 
also one or two turns of insulated wire for furnishing voltage and current which heat the rectifier filament. 

° 
s et 'requency of oscillation is determined by the self-resonant frequency of the transformer secondary 

circuit, or by the combination of inductance, distributed capacitance, tube capacitance, and stray capaci-
tances in this circuit. Actual oscillation frequencies range all the way from 90 to 285 kilocycles in vari-
ous receivers. Frequencies are no higher than 300 kilocycles because the rectifier tube nearly always 
used, a 1B3-GT, is not designed for operation at any higher frequencies. 

As mentioned, the oscillator tube most often is a beam power type. A few power pentodes are used, as 
are also a few power triodes. Quite a few r-f power supplies use twin triodes with all their elements in 
parallel to act like a single triode of greater power handling ability. Beam power tubes and pentodes oc-
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Fig. 63-1. Circuits of an r-f power supply with tuned plate winding. 

TO 
ANDDE 

T 

casionally are connected as triodes, with their plates and screens directly connected together at the 
socket. Most oscillators of the various types mentioned are of CT or G sizes with octal bases, but again 
they may be miniatures. To increase the power handling capacity it is sometimes the practice to use two 
beam power tubes with their elements connected in parallel. 

The high-voltage transformer is of the air-core type, with windings arranged as shown by Fig. 63-2. 
Energy losses at the oscillation frequency are less than they would be with iron-core construction. Near-
est the bottom of the tubular form is the one- or two-turn winding that furnishes heating power for the recti-
fier filament. Then comes the primary winding, which is connected into the oscillator plate circuit. Above 
the primary is the high-voltage secondary winding, shown here as constructed of six series connected pies. 

The primary winding usually is a duolateral type. Each of the secondary pies is a duolateral or honey-
comb coil. This method of forming the secondary reduces its distributed capacitance and allows the self-
resonant operating frequency to be up in the radio-frequency range even with the large inductance which 
results from the great number of secondary turns needed for the great step-up ratio. 

In a typical power supply for a transformerless receiver the d-c B voltage to the rectifier plate may be 
on the order of 125 to 135 volts. Peak-to-peak voltage at the oscillator plate may be 300 to 400 volts, and 
rectified d-c output to the picture tube anode circuit may be about 9,000 volts. Such operation calls for 
transformer turns ratios of between 30 and 50 to 1. 
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Above the entire pie winding which is the secondary of the transformer in Fig. 63-2 is still another rela-
tively small winding. This is the tickler coil furnishing feedback energy to the oscillator grid. The ad-
ditional tickler coil would be used in a power supply circuit such as shown by Fig. 63-3. This diagram 
illustrates also how the two sections of a twin triode tube may be connected in parallel to act as a heavy-

duty oscillator. 

One of the most noticeable differences between r-f power supply circuits is the method of feeding ener-
gy from the output back to the input of the oscillator. With the tickler feedback of Fig. 63-3 the tickler coil 
is in the magnetic field of the secondary winding or plate winding and these two windings are inductively 
coupled. One end of the tickler coil is connected to the oscillator grid or grids. The other end is connec-
ted to the oscillator cathode. The oscillator is negatively biased by the grid-leak method. The grid capaci-
tor Cg and grid resistor lig are connected in parallel with each other and in series with the grid circuit. 

Looking back at Fig. 63-1 you will see that the oscillator again is grid-leak biased by means of grid ca-
pacitor Cg and grid resistor Rg. Energy feedback from plate to grid of the oscillator is through a type of 

coupling commonly used for amplifier circuits. The oscillator plate winding or transformer primary induces 
high-frequency emf and current in the secondary. The high-frequency secondary current cannot complete its 
circuit to ground through the r-f choke, which has very great impedance at radio frequencies, but this 
current must go through capacitor Cg and resistor Ilg. The accompanying high-frequency voltage dmp across 
resistor hg is applied between grid and cathode of the oscillator. Thus we have atransferof high-frequency 
energy from the plate circuit back to the grid circuit of the oscillator. 

RECTIFIER 
FIL'T 

SECONDARY 

PRIMARY 

73534; 

TICKLER 
(FEEDBACK) 

Fig. 63-9. Arrangement of windings on air-core transformer for r-f power supply. 
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Fig. 63-3. An r-f high-voltage power supply with tickler feedback for oscillator grid. 

OUTPUT 
FILTER 

Another method of energy feedback for the oscillator is illustrated by Fig. 63-4. The oscillator grid is 
connected to a feedback ring placed around the outside of the glass envelope of the high-voltage rectifier. 
There is capacitive coupling from the high-frequency voltage on the rectifier plate to the ring and back to 
the oscillator grid. What amounts to a feedback capacitor is composed of the metal of the oscillator plate 
and the metal of the external ring, with the glass envelope and vacuum space acting as dielectric. The os-
cillator is grid-leak biased, with the feedback capacitance at the rectifier taking the place of the usual 
grid capacitor and with resistor lig_acting as the grid leak resistance. 

The feedback ring usually is a coiled spring of small diameter formed into a ring that slides down over 
the outside of the rectifier tube. Fig. 63-5 shows such a ring on a 1133-CT rectifier. The wire that attaches 
to this ring runs in behind the transformer and down through an insulating bushing to the grid lug on the 

oscillator socket. 

In the r-f power supply circuits of Figs. 63-1 and 63-3 there are adjustable capacitors Cv across the 
oscillator plate winding or the primary winding of the transformer. These capacitors are adjusted to make 
the resonant frequency of the plate winding the same or very nearly the same as the self-resonantfrequetliz 
of the secondary. When the two resonant frequencies are alike there is greatest possible transfer of porer 
from the oscillator into the rectifier circuit. This increases the amplitude of high-frequency seconda.ry 
voltage being rectified, and increases the direct voltage delivered to picture tube anode circuits. 
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Fig. 63-4. Circuits of an r-f power supply with feedback from ring on rectifier tube to oscillator grid. 

Oscillator plate tuning usually is by means of a trimmer type capacitor with mica dielectric and a screw 
adjustment. The required capacitance depends on inductance of the winding and the frequency to which it 
is to be tuned, but often is variable between about 400 and 1,500 mmf. In a few cases the plate winding is 
tuned by means of a movable molded iron core on a threaded stud having a screw driver slot. 

In Fig. 63-4 the plate or primary winding on the transformer is tuned to approximate resonance with the 
secondary frequency by means of a fixed capacitor Cp. With such a design there is no special adjustment 
for output voltage, although this voltage is affected to spme extent by the position of the feedback ring on 

the rectifier tube envelope. 

As a general rule all of the r-f power supply parts shown in our circuit diagrams are enclosed within a 
metal shield. There .are only four external leads, one for the B plus voltage and current from the low-vol-
tage supply and another for the high voltage going to picture tube anodes or other circuits requiring high 
voltage. The remaining two are for oscillator filament voltage. In some receivers the r-f oscillator is out-
side the shield that encloses the transformer and rectifier tube. 

C7The purpose of the input filter is to prevent high-frequency voltages and currents from getting back into 
the low-voltage B supply wiring from the power supply. This filter ordinarily consists of two capacitors of 
about 500 mmf each and of either a choke coil or a resistor in series with the line between the capacitors. 
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Fig. 63-5. R-f high-voltage power supply with feedback ring on rectifier. 

purpose of the output filter is to smooth the rectified direct current and voltage going to the anode 
s or other high-voltagg circuits. This filter consists of one or more capacitors to ground and usually 

o a single resistor. Additional filter capacitance may be furnished by the external coating on the picture 

Fig. 63-6. Capacitors and resistors under the tube shelf of an r-f power supply unit. 
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tube. Fig. 63-6 is a picture of filtering and voltage dropping resistors and capacitors mounted underneath 
the tube and transformer shelf in a typical r-f power supply. At the lower right you can see the voltage ad-
justing trimmer capacitor. Everything shown in this picture is enclosed within the metal shielding cover. 

The power supply shield may or may not be directly grounded to the chassis. When the shield is not di-
rectly grounded it usually has what is called an r-f ground through a fixed capacitor between shield and 
chassis. There will also be a resistor of 100,000 ohms or more between shield and chassis, this for the 
purpose of grounding the electric charges which tend to form on the shield because of radiation from the 
enclosed parts. 

When an r-f power supply is used in a receiver having an electrostatic picture tube the load on the 
power supply will be of the general type shown by Fig. 63-7. At the outer end of the filter system, con-
nected to the filament of the high-voltage rectifier, we may have about 4,500 d-c volts. This voltage goes 
to the second anode or high-voltage anode of the picture tube. 

Between the high-voltage output of the power supply filter and ground there always are resistances to-
taling many megohms. These resistances are in the centering control system, the focusing control potentio-
meter, and the voltage dropping resistors which maintain correct potentials on the picture tube elements. 
In the load illustrated there is a total resistance of 30.8 megohms, of which 1.8 megohms is the combined 
resistance of the paralleled resistors in the centering controls. Current through the voltage divider portion 
of the power supply load usually is on the order of 150 to 175 microamperes. 

RECTIFIER 

0.12 MEr, 4500 VOLTS 

IT 

1.8 MEG. 

CENTERING 

16.0 MEG. MEG. 8.0 MEG. 

Fig. 63-7. Typical load circuits on an r-f high-voltage supply for an electrostatic picture tube. 
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Fig. 63-8. One type of horizontal sweep circuit used in a receiver having an r-f high voltage power supply. 

You will note that the larger resistances, such as those of 16 and 8 megohms, are each made up of 
several smaller resistance units connected in series. This divides the voltage drop among all the resistors 
and lessens the danger of voltage breakdown on any one. Because of the very small current the total power 
dissipation in all the resistors together is less than one watt, this in spite of the high total resistance. To 
further lessen the chances of breakdown, and to insure that the resistors remain cool during operation, each 
unit ordinarily is of 1-watt rating. 

When an r-f high-voltage power supply is used in a receiver having magnetic-deflection picture tube 
there is no need for having a "flyback" type output transformer between the horizontal sweep amplifier 
and the deflecting coils. In such receivers you will find horizontal sweep circuits generally similar to the 
one shown by Fig. 63-8. The two sweep amplifiers have all their elements connected in parallel to act like 
a single tube of greater power-handling ability. The small resistors in series with the plate, screen, and 
grid of the lower amplifier are of about 50 to 100 ohms each. They help to suppress tendency toward para-
sitic oscillation in the tube circuits and also help equalize the load currents in the two plate circuits. 

The plates of the two sweep amplifiers are connected through capacitor Cd to one end of the deflecting 
coils. The other end of the deflecting coils connects back to the amplifier cathodes. In this circuit there 
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is no sweep output transformer. Note that the deflection frequency or horizontal line frequency is kept 
within the deflecting coil circuit and kept out of the B-plus connections by means of an r-f choke. The 
width control or horizontal size control varies the plate voltage applied to the amplifiers. The r-f choke 
offers no reactance to direct voltage and current for the plates. In other receivers the width control is in 
series with the amplifier screens, and varies the amplification or the transconduct,ance by varying the 
screens, and varies the amplification or the transconductance by varying the screen voltage. 

The damper tube in the circuit of Fig. 63-8 performs the same function as in any other magnetic deflec-
tion system. The damper plate is connected to B plus, tending to make the tube conductive, but the ca-
thode also is connected to B plus through the r-f choke and the width control. The damper actually does 
become conductive when there is a sudden pulse of negative voltage on its cathode as plate current is cut 
off in the amplifiers. Then the damper places a heavy load on the deflecting coil circuit and causes the 
first alternation of self-oscillation to die out during the first part of the sawtooth wave, just as in other 
damper circuits which have been explained in detail. 

Another horizontal magnetic deflection circuit used with an r-f high-voltage supply is shown by 
Fig. 63-9. Here there is a single sweep amplifier tube. Width is controlled by simultaneous variation of 
both plate and screen voltages on the amplifier. Choke coils L-L-L isolate the horizontal line frequency of 
the deflection circuits from the B plus low-voltage power supply lines. Centering is by means of direct 
current taken in either polarity from a center-tapped potentiometer inserted in the B plus line. 

FROM 
SWEEP 
OSC. 

AMP. 

WIDTH 

-I(  
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TO OTHER 
TUBES w 

Fig. 63-9. Horizontal sweep circuit using a single amplifier tube and choke isolation from low-voltage 

B-power lines. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 63 — Page 10 

The power supply and deflection circuits which have been shown in this lesson illustrate various 
features which often are combined as shown but which also may be used in different combinations. Vie 

have shown a pentode oscillator with capacitor and grid resistor feedback, a twin triode with tickler feed-
back, and a triode-connected pentode with a feedback ring on the rectifier. These particular types of tubes 
are not always used with the feedbacks of the diagrams, the combinations may be quite different. This is 
true also of the filters and other circuit elements. 

!HUI-VOLTAGE ADJUSTMENT. Our only power supply diagram which shows no tuning adjustment for 
the oscillator plate circuit is the one with the feedback ring on the rectifier. There will be the highest os-
cillation voltage and highest d-c output voltage when this ring is somewhere near the center of the long 
cup-shaped plate or anode of the rectifier. Output voltage usually will drop to a slight extent when the ring 
is moved to a point level with the top of the plate, and will do likewise when the ring is level with the rim 
around the bottom of the plate. Moving the ring still farther down toward the internal shield will cause a 
great decrease of output voltage, and the output may cease altogether as oscillation stops due to insuf-

ficient feedback to the oscillator grid. 

Fhe following instructions apply to power supplies in which there is an adjustable capacitor or a 
movable coil core for tuning the oscillator plate circuit. As stated before, the closer the plate circuit 
frequency is brought to the natural frequency of the secondary winding the higher will be the d-c output 
voltage. however, when tuning is to exact equality of frequencies or is adjusted for highest possible out-
put the oscillator circuit is likely to be unstable and to allow voltage fluctuation. For this reason the 
plate circuit usually is left tuned slightly off resonance, which allows some reduction of voltage but in-

sures a more constant voltage. 

You should keep in mind that any increase of current through the output filter resistance and anyfollow-
ing voltage-divider resistances will increase the voltage drop across these resistances and will lower the 
voltage measured at such points as the picture tube anodes. Beam current and anode current are increased 
by increasing the brightness on the screen, and are reduced by less brightness. Consequently, you will 
find the highest anode voltages with the brightness control turned all the way down, and minimum volta-
ges with this control turned to maximum. The contrast control also varies the current and anode voltage to 
some extent because this control can vary the average brightness. Between minimum and maximum bright-
ness the increase of anode voltage on a magnetic-deflection picture tube may be 1,000 volts or more. 

Trimmer or core adjustment screws always are accessible from the outside of the power supply shield, 
so that voltage may be varied without removing the shield. To avoid incorrect tuning, and more especially 
as a safety precaution, you should invariably use a non-metallic screw driver for this adjustment. A me-
tallic tool might touch parts of the high-voltage circuit, with unpleasant results. 

If you have an electronic voltmeter equipped with a high-voltage prod, one insulated for at least 15,000 
volts, it is possible to make direct measurements between the picture tube anode connector or terminal and 
either chassis ground or B-minus. Observe all the usual precautions for high-voltage measurements. It is 
possible also to employ any of the methods for high-voltage measurement which were described in a pre-
ceding lesson. As mentioned there, do not attempt measurements at the cap of the high-voltage rectifier, 
where there are strong potentials at radio frequency. 

The high voltage may be adjusted as follows. 

1. Turn both the brightness and the contrast controls to their lowest settings. 
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2. Turn the trimmer capacitor screw all the way in, clockwise, for maximum capacitance and lowest 
tuned frequency. If the position of a movable core can be determined, turn it all the way into the coil 

winding. 

1. While watching whatever type of voltage indicator is being used, turn the trimmer capacitor or coil 
core screw very slowly in the direction that raises the frequency. Decrease the capacitance or the in-
ductance. Leave the adjustment at the point giving the desired voltage. 

4. When working with a trimmer capacitor it is possibly better practice to turn the adjustment a little 
farther out than the point of desired voltage, or turn it for a slightly higher voltage, then turn back to the 
desired voltage. This helps insure that the trimmer plates will remain as adjusted, without tending to 
spring farther apart. 

Voltages at the socket lugs of the power supply oscillator may be made without using high-voltage test 
methods. With transformerless receivers the B plus voltage furnished to the power unit usually is about 125 
volts. With other types of receivers this voltage usually is between 200 and 350. If the oscillator is oper-
ating correctly its grid voltage will be highly negative with reference to ground or to B-minus. About 125 
volts negative is fairly typical for the oscillator grid. If this voltage is measured with other than an elec-
tronic voltmeter the reading will be much lower. The meter loading may stop oscillation, whereupon the 

reading will be only a few volts negative. 

OSCILLATOR 

B + 

POWER 
TRANSFORMER 

HIGH-VOLTAGE 
RECTIFIER 

OUTPUT 

T 

MEDIUM VOLTAGE 
RECTIFIER 

ii 
OUTPUT  

Fig. 63-10. A medium-voltage transformer winding and rectifier added to an r-f high-voltage power supply. 
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0 DUAL VOLTAGE R-F POWER SUPPLY. Fig. 63-10 shows circuits for an r-f power supply system 
which furnishes the usual high voltage for picture tube anodes and also a lower voltage for plates and 
screens of other tubes. The circuits for the r-f oscillator and the high-voltage rectifier are like some of 

those shown earlier. 

On the transformer is a fourth winding, shown below the other three in the diagram. The r-f field in. 
duces an emf in this winding just as in the othersecondaries. The radio-frequency voltage is rectified by 
a separate medium-voltage rectifier whose d-c output goes through a choke-capacitor filter to plate and 
screen circuits. The medium voltage rectifier is a heater-cathode type, with its heater supplied with power 

from a separate insulated winding on the main power transformer. 

This dual voltage system is used in transformerless receivers which employ 'an r-f high-voltage power 

supply. When there is no voltage doubling in the low-voltage B supply of such receivers the maXimum B 
voltage is about 125. From the additional rectifier of Fig. 63-10 we may obtain 500 or more d-c volts 
which, after dropping in resistors leading to plates and screens of various tubes, still will furnish 300 or 
more volts at these plates and screens. Thus we obtain, by adding one rectifier tube, a voltage step-up 

which would require a voltage tripling system in the B supply that is fed from the a-c power line. 

PULSE RECTIFIERS. Fig. 63-11 shows how an additional B voltage may be obtained from a magnetic 
deflection system in a receiver that uses a sawtooth or pulse type high-voltage supply, instead of a fly-
back type. The deflection circuits are generally similar to those of Figs. 63-8 and 63-9, except that here 
are shown three paralleled sweep amplifier tubes instead of the one or two sweep amplifiers of those other 
circuits. The damper tube is connected similarly to dampers in all circuits of this general type and tarries 
out the functions of damping in the usual way. 

A tapped inductor L is connected across the deflecting coils. During each retrace period there appears 
across this inductor and the deflecting coils a pulse of about 1,000 volts. Pulses of this kind were ex-
plained in connection with operation of flyback high-voltage supplies. From the tap on inductor L is taken 
a small fraction of the pulse voltage, usually something between 110 and 130 volts. This voltage is ap-

plied to the plate of the pulse rectifier tube. This tube rectifies the applied voltage, in which is an alter-
nating component as well as the pulses. The rectified voltage from the cathode of the pulse amplifier is 
added to the regular B plus voltage at point a on the diagram. The sum of the two voltages forms the 
boosted output voltage. 

In transformerless transformerless receivers the low-voltage B supply furnishes about 125(1-c volts. Voltage added 14 
the pulse rectifier brings the boosted value to between 225 and 250 volts. The value of the added voltage 
depends, of course, on the position of the tap on inductor L. 

SIXTY-CYCLE HIGH-VOLTAGE SUPPLIES. In very early television receivers, those built mound 1940 
to J943, the high-voltage power supplies for picture tube anodes utilized the same principles as the common 
type of low-voltage B supply, and operated at power line frequency, usually 60 cycles per second. This 

practice was continued in a few models until as late as 1947. 

The 60-cycle high-voltage power supply most often is fed from a separate power transformer and con-
sists of parts shown at 1 in Fig. 63-12. The rectifier tube is a half-wave filament-cathode type designed 
for high-voltage operation. The filter between the rectifier cathode and the lead to the picture tube anode 
usually contains one series resistor of about a half-megohm and either one or two capacitors to ground. 
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Fig. 63-11. A pulse amplifier for obtaining a boosted fl-voltage from a horizontal sweep circuit without a 
flyback transformer. 

For picture tubes having electrostatic focus the filter output feeds also a string of voltage-divider re-
sistors ending at ground. Near the ground end of this divider system is the focus control potentiometer. 

4)ecause of the low (60 cycle) frequency at which these power supplies operate, the filter capacitors 
ave values most often between 0.02 and 0.05 mfd, but in a few cases as great as 0.20 mfd. These capaci-

tances are 40 to 400 times as great as used with the relatively high frequencies of present day flyback and 
r-f high-voltage supplies. The large capacitances, charged to high voltages, store enough energy to give a 
possibly fatal shock should a person come in bodily contact with their terminal connections or the anode 
lead connector. This very real danger was the chief reason for discontinuing the use of low-frequency high-
voltage power supplies in all modern television receivers. 

Some 60-cycle power supplies are connected as shown at 2 in Fig. 63-12. The power transformer has 
windings for both high- and low-voltage F1 supplies. Instead of grounding the negative end of the high-
voltage winding it is connected to the positive output of the low-voltage B supply. Thus the lower fi-volt-
age is added to the high voltage. Resistor R may be used to limit the current and prevent burnout of the 
high-voltage winding in case of overload. 
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Fig. 63-12. High-voltage power supplies operating at power line frequency. 

HANDLING THE PICTURE TUBE. Having learned a good deal about picture tubes and the voltages 
applied to them we may proceed now to the problem of removing and replacing these tubes during service 
operations. In the majority of receivers the picture tube is supported wholly on the chassis, and when the 
chassis is taken out of the cabinet the picture tube comes along. There are, however, many receivers in 
which the picture tube is supported on the inside of the cabinet. In a few cases the tube is supported on 

the chassis and also is clamped to the inside of the cabinet. 

When the picture tube is supported entirely from the chassis, the arrangement of parts is shown in a 
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general way by Fig. 6343. The face end of the tube rests on a padded cradle at the front end of the 
chassis, and is held down on the cradle by a strap. This mounting strap may be of metal lined with fel., or 
may be of woven fabric, or of some semi-elastic material. If the picture tube is a metal- cone type the outer 
edge of the cone is enclosed by a plastic insulating ring held in place by the mounting strap and possibly 
by an additional rubber band. 

The rear end of the picture tube flare is supported by a cushion, usually rubber, which is carried by the 
bracket that mounts the deflecting yoke and the focus coil or magnet. The inner openings through the yoke 
and coil or magnet do not touch the tube neck. The rear part of the neck carries the ion trap magnet, if 
used. On the tube base is the socket. 

The mounting strap is held in some manner which allows it to be loosened and then raised or moved 
forward or back when the picture tube is to be dismounted from the chassis. Usually there is some means 
for adjustment of strap tension. On either side of a metal strap may be a clamping screw with a thumb nut, 
or both ends of the strap may have threaded members which pass through holes in the chassis or in 
brackets, where the ends are held and tightened by nuts. One end of a fabric strap usually is clamped or 
otherwise fastened securely to the chassis, while the other end is held to the chassis or a bracket by a 
clamp which may be loosened for tube removal. Otherwise there may be an adjustable screw clamp any-
where along the strap. Straps sometimes are held by hooks on one or both ends. 
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Fig. 63-13. A picture tube mounted on and wholly supported by the chassis. 
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Fig. 63-14- Various methods of mounting picture tubes in cabinets instead of on the chassis. 

When the picture tube is supported from the cabinet rather than on the chassis there is great variety of 
design and of mechanical fastenings. Unless you are familiar with the construction of a particular re-
ceiver you must make careful examination of all the details if the tube and chassis are to be removed with-
out serious damage to any of the members, and to avoid personal injury should the picture tube implode. 
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Some of the more common principles used for separate tube mountings are illustrated by Fig. 63-14. Dia-
gram 1 shows the picture tube held against cushions on the inside front of the cabinet by some form of 
harness which grips around the bell of the tube and holds it securely by tension of three or more coiled 
springs. The picture tube remains in the cabinet when the chassis is removed. Before the chassis can be 
taken out of the cabinet you must disconnect the anode lead, take the socket off the tube base, and re-
move the ion trap magnet if one is used. Then adjustments or fastenings which maintain the yoke and focus 
coil or magnet in correct operating positions are loosened so that, when taking the chassis out of the cabi-
net, these members will move off the base end of the picture tube without straining the neck. The picture 
tube is later removed through the rear of the cabinet after its harness is loosened or disconnected. 

Diagram 2 shows the picture tube, the yoke, and the focus coil or magnet mounted on a separate plate or 
platform. This tube platform may be fastened to the inside top of the cabinet, as shown, or it may be 
fastened to either vertical side of the cabinet, or on the bottom of the cabinet alongside the chassis. It 
may or may not be possible to remove the picture tube platform and the chassis independently of each 
otter. Sometimes the chassis has to come out first because the tube will not pass it. Before either the 
picture tube or the chassis may be taken out of the cabinet, it is necessary to disconnect the anode lead, 
also a cable containing deflecting yoke leads, the wires going to a focus coil, and to take the socket off 
the tube base or disconnect a socket cable at its chassis end. 

There are other designs with which the frame carrying the picture tube strap carries also the bracket for 
yoke and focus coil, with this entire assembly held by screws or studs to the inside front of the cabinet. 
After disconnecting all leads between the tube assembly and the chassis, the chassis may be taken out 
from the back of the cabinet. Then the picture tube assembly may be loosened from the cabinet and re-
moved through the rear of the cabinet. 

Diagram 3 of Fig. 63-14 illustrates a picture tube held by brackets on its mounting strap to a frame just 
inside the front opening of the cabinet. After taking the protective glass and mask assembly off the front 
outside of the cabinet the tube mounting may be loosened and the tube taken out through the front opening 
of the cabinet. It is necessary first to disconnect the anode lead. Since the tube neck will come forward 
through the openings in the yoke and focus coil or magnet the positioning adjustments for the yoke as-
sembly must be loosened to avoid binding on the neck. Also, it is necessary to take the socket off the tube 
base and to remove the ion trap magnet if one is used. 

A 7-inch electrostatic picture tube usually . is supported at its large end or face end by a recessed 
cushion around the mask in the cabinet front, with the rear end of the tube carried by a padded clamp around 
the neck. The neck clamp is permissible because of the small size and weight of this tube, and because 
the neck is much larger and stronger than on magnetic-deflection tubes. All or part of the length of an 
electrostatic tube may be enclosed by a metallic shield which may have a separate fastening. 

To remove the chassis from the cabinet you first take off the cabinet back, which may take with it the 
connectors for the power cord and for the transmission line coming from an outdoor antenna. Then discon-
nect any section of the transmission line that is fastened to both the cabinet and the tuner on the chassis. 
On any set of fairly recent design there probably is .. built-in antenna fastened to the inside of the cabinet. 
The leads must be disconnected from chassis or antenna, and any antenna tuning controls that interfere 
with chassis removal must be loosened or moved out of the way. The loud speaker nearly always ismounted 
in the cabinet. Disconnect the speaker from the chassis, usually by pulling pins or a plug out of clips or 
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a jack that is on the speaker frame. If there is a pilot lamp, disconnect it from the chassis lead. A-m, f-m, 
or audio amplifier chasses which are separate from the main television chassis will have to be discon-

nected. 

If cabinet holes for shafts of front control knobs will not allow the knobs to go back through them, as 
usually is the case, take off all the knobs. Usually the knobs slide straight off their shafts when pulled 
forward, but it is well to look carefully for set screws which may hold some of the knobs in place. Dual 
control knobs, one large and one small, often come.off easiest if you grasp the large one and pull both off 
at once. Finally, take out the four or more screws which pass upward through the bottom of the cabinet 

into the metal of the chassis. 

Before withdrawing the chassis, if it carries with it the picture tube, put on shatterproof goggles, heavy 
gloves, and roll down your sleeves. The picture tube might be broken during removal. Withdraw the chassis 
from the cabinet slowly, while watching for the possibility of chassis parts and cabinet parts striking one 
another and for the possibility that you have not disconnected all cables and wires that must come off. 

To remove the picture tube from the chassis proceed as follows. Many of these instructions apply also 
to removal of the tube from any mounting which holds it in the cabinet. Always wear shatterproof goggles 
and heavy gloves. Allow no one not similarly protected to be in the room where you are working. 

1. If the receiver has been operated during the preceding 10 minutes or so, discharge the filter and tube 
capacitances as explained in connection with high-voltage measurements. Discharge the glass faceplate 

of a metal-cone tube. Leave the anode cable terminal or clip disconnected from the anode connector or 

tube rim. 

2. Carefully pull the socket off the tube base pins. Don't twist the socket, that might break the key on 
the tube base. Do not remove the socket cover that encloses the lugs and cable connections. 

3. If the ion trap magnet is held in place by clamp nuts loosen these nuts. Slide the trap magnet back 
over the tube base. If the magnet is a coil type leave its connecting wires attached, if they are long 
enough to allow removing the magnet, and lay the magnet- coil assembly on the chassis. 

4. The yoke and focus coil or magnet will remain on the chassis when later you slide the tube neck for-
ward through them. It is advisable to loosen the mounting or adjusting screws of these units to avoid any 
possibility of the neck binding in their openings. 

5. So that the present tube, or a new one, may be replaced in the original or correct position make a 
pencilled note of the position of the anode connector on a glass tube, or with any tube note the position of 
the key on the base extension and of the flags on the electron gun if such flags are present. 

6. Loosen or remove the mounting strap and any other fastenings for the large or face end of the picture 

tube. 

7. Slide the picture tube forward out of the yoke and focus coil or magnet. Support the weight of the 
tube only by holding its large end, never the neck. Support the neck or base only enough to guide the tube. 
Be especially careful not to strike or put pressure on the rather sharp bend at the front end of the flare or 

on the neck or base of the tube. 
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While picture tubes are removed from their chassis or other mountings observe the followingprecautions. 
Remember that external atmospheric pressure exceeds internal (vacuum)pressure by between 314 and 4 tons 
on a 16-inch tube and by about 2'4 tons on even a 10-inch tube. 

1. While handling a picture tube wear shatterproof goggles and heavy gloves, and do not hold the tube 
very close to your body. 

2. Don't let the tube and any hard objects bump together. Use no metal tools near the tube. Avoid 
scratching the glass, and do not use a tube that has become noticeably scratched. De especially careful 
of joints between glass and metal on tubes of the metal-cone and metal shell types. 

3. Rest the tube (other than small electrostatic types) only face down and neck up on cloth or other soft, 
firm surface. Don't leave the tube where it possibly may fall or be struck, and don't leave it near a radi-
ator or where there may be great changes of temperature. 

4. When removing a tube from a regular tube carton lift at the sides of the large end, with the tube face 
up. If at all possible, keep tubes in regular cartons while the tubes are removed from receivers. Retain 
all cartons for this purpose. 

When you are ready to replace a tube or install a new one on the chassis proceed as follows. Also pro-
ceed similarly for separate tube mountings so far as these instructions apply. 

L If any fibre or cardboard cones or cylinders originally were on or around the picture tube make sure 
that they are correctly replaced. These parts are for insulation, personal protection, and protective spacing. 
Do not assume that they are not needed. 

2. Slide the tube neck back through the yoke and focus coil or magnet until its front or face end will 
rest on whatever supports are provided. Remember to carry the weight of the tube by holding it near the 
face end, supporting the neck only enough to guide it into place. Don't let go of the tube until you are 
sure that it will remain in place. Never use any appreciable force in getting the tube into position; if it 
doesn't move freely, investigate and remove the obstruction. 

3. Shift the tube into its correct "angular" position, so that the anode connector, the key on the base, 
or some other identifying mark is where it should be. 

4. Make certain that a grounding spring or springs make good contact with an external coating on a 
glass tube. With metal-cone or metal shell tubes there may be a grounding spring or contact for the glass 
faceplate, watch for it. When a tube is supported separately from the main chassis there will be a grounding 
wire from the metal tube supports to the chassis—something else to replace. 

S. The rear end of the flare or cone must fit closely against the cushion that is on the yoke support, 
and the yoke must be as far forward as it will go. 

6. Check the centering of the tube neck in the openings through the yoke and the focus coil or magnet. 

7. Tighten the mounting strap and any other supports for the front or face end of the picture tube. 
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8. Attach the terminal or clip of the high-voltage anode cable to the tube connector or rim. 

9. Replace the ion trap magnet, if used, in approximately its correct position. This magnet will have to 
be adjusted later on. 

10. Carefully push the socket onto the base pins of the tube. 

11. When the tube or the chassis with tube mounted is to be replaced in the cabinet, first clean the 
safety glass or plastic plate in the cabinet and also the face of the picture tube. Use a clean, soft cloth 
and any of the liquids made especially for cleaning of windows. 

12. Make sure that the face of the picture tube cannot be pushed against the protective glass or plastic 
of the cabinet. There should be stops to prevent this. 

You must not dispose of defective picture tubes without first destroying the internal vacuum. Otherwise 
you may face large legal penalties if someone gets hurt. To destroy a tube, place it in a tube carton, close 
the carton, and drive any heavy metal rod through the carton and the side or face of the tube. 

To destroy the vacuum while saving the tube, possibly for display purposes, proceed thus. Put the tube 
face down in a carton with enough soft padding under the face to bring the base to the top edge of the 
carton. Pack around the tube sides with wadded paper, cloth, or anything which holds the tube upright. 
Around the exposed end of the neck place heavy cloth to leave only the base in view. Using a twist drill 
no more than 1/8-inch diameter, drill slowly down through the center of the extension on the middle of the 
base. The tip of the drill will puncture the exhaust tip and allow air to enter the tube. The smaller the 
drill, without being so small as to break off, the more slowly air will enter the tube and the less is the 
likelihood of displacing the internal parts or part of the screen coating. 
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Every television receiver which is more than a few miles from transmitters requires some kind of 
antenna for pickup of signal energy from carrier waves. The antenna may be an outdoor type, or it may 
be indoors, or built into the cabinet, but always the antenna is there. Every radio receiver used to 
require an elaborate antenna for anything more than local reception, but nowadays most of the standard 
broadcast sets pick up distant stations with a small self-contained loop or from the power line. Some-
day all television receivers may pick up all signals without elaborate antennas, but the difficulties are 
great and it unlikely to happen soon. 

e encounter one difficulty in the fact that a television carrier must spread its power over a frequency 
range 600 times as great as that of a standard broadcast carrier. To provide comparable signal field 
strength at receivers the television carrier power should be hundreds of times greater than that of the 
standard broadcast carrier, but their powers actually are about the same. 

Another difficulty is that effective use of power for carrier radiation goes down as frequency goes up, 
and the average television carrier frequency in channels 2 to 13 is nearly 150 times as high as the 
average standard broadcast carrier frequency. Ultra-high frequencies are far more difficult to handle 
with any reasonable efficiency. 

()Added amplification in the receiver is not the whole answer to these problems. This is because 
carrier waves from which reception is detected are accompanied in space by many kinds of unwanted 
electrical impulses which cause tiny flecks (snow) all over the picture. These impulses are called 
‘‘ ,, noise . More amplification increases noise and signal together. Furthermore, added amplifying 
stages introduce noise of their own making, which becomes worse as we go from the antenna input 
toward the video detector. Noise cannot be tuned out because it extends throughout every channel. 

A good antenna, more than anything else, will improve the ratio of signals to noise. A good antenna 
will bring up the signal strength on higher frequency channels, where greatest difficulty is encountered. 
It will cut off many kinds of electrical interference, also undesired signals from other types of trans-
mission. A good antenna can clear the picture of "ghosts" due to reflected waves. All in all, it is 
easier to improve reception with a highly efficient antenna than in any other way. 

Although we shall examine the generally used forms of television receiving antennas we cannot look 
at every style, for new designs are continually appearing. It is fortunate that all of them must conform 
to certain basic principles, and if we become acquainted with these principles there will be no mystery 
in their application to various designs and structures. 
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Fig. 64-1. One of the NBC television transmitting antennas. 

To understand the behavior of receiving antennas, we first must know something about the carrier 
waves that bring signal energy from the transmitter. Then we shall look at practical antenna structures 
which extract signal energy from the waves. Finally, we shall learn about transmission lines through 
which signals pass from antenna to receiver. 
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Fig. 64-2. A dipole antenna ( 1) radiates a magnetic field (2) and an electric field (3). 
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RADIATED WAVES. A transmitting antenna has, fundamentally, the form shown at_.. in Fig. 64-2. 
Two horizontal conductors are mounted end to end and connected to the transmitter circuits in which are 
generated currents and voltages at carrier frequencies. Electrons in the antenna conductors are caused 
to shift back and forth without leaving the conductors. These electron movements constitute a varying 

electric current in the conductors. 

Around the outside of any conductor in which there is electric current is formed a magnetic field. The 
invisible and imaginary magnetic lines of force circle around the antenna conductors as in diagram 2 
just as they would circle around any current-carrying wire. Because the antenna current is alternating, 
the magnetic field is continually reversing its polarity. Because antenna current is varying in strength 
as it alternates, the magnetic field strength varies likewise. The magnetic field varies in strength and 
reverses its polarity at the frequency of the antenna currents. 

lUiihen a magnetic field is changing in strength or intensity, the change causes an electric field to 
appear in the same space. Vihy an electric field always accompanies a changing or moving magnetic 
field is a long story which goes back to the fact that the moving free electrons in the antenna conductors 
are electric charges, and all electric charges are surrounded by electric lines of force that form a field. 
The direction of the electric force or the electric field lines in the space around the antenna conductors 
is at right angles to the direction of the magnetic field lines, as shown at 3 in Fig. 64-2. 

Energy which exists at any one instant in the form of a magnetic field during part of a current cycle 
will change its form and become an electric field during other parts of the cycle. Then the electric field 
will disappear and the energy will go back into the form of a magnetic field. This change of energy from 
magnetic to electric forms, and back again, will continue indefinitely. Vie saw one example of this 
action when studying resonance, where energy continually was exchanged between magnetic fields 
appearing and disappearing around the inductor, and the electric fields appearing and disappearing 

between the plates of a capacitor. 
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Fig. 64-3. Energy passes back and forth between magnetic and electric fields. 
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Some exchanges of energy are illustrated by Fig. 64-3. Energy in a resonant circuit exists at one 
moment in the space around the inductor, and at the next moment in the space between capacitor plates. 
The energy moves from one space to the other as electrons flow through the circuit conductors. But if 
we get a varying magnetic field and a varying electric field into the same space, as around the trans-
mitting antenna, the interchange of energy from one form to the other can continue independently of any 
conductors at all. The two kinds of fields free themselves from the antenna conductors and move away 
through the surrounding space while, in effect, supporting each other. 

As alternations of current in the antenna conductors produce successive magnetic and electric fields 
in the surrounding space all these fields which free themselves from the conductors fly away from the 
antenna at the speed of light, which is 186,000 miles per second. In every successive pair of magnetic 
and electric fields is a certain quantity of energy which has been taken out of the transmitting antenna. 
Although this energy spreads out thinner and thinner as it expands through space, some of it will reach 
the antenna at your receiver. 

Tele may represent the varying strengths or intensities of the two kinds of fields as in Fig. 64-4. The 
alternating directions of the magnetic field are arbitrarily marked north and south, and of the electric field 
are marked positive and negative. At instant a all the energy is in the magnetic field, shown as of maxi-
mum strength in north polarity. At instant b the magnetic field has dropped to zero strength while all the 
energy has gone over into the electric field, which at b is shown as of maximum strength in positive 
polarity.. At  c the electric field has fallen to zero and all energy has gone back into the magnetic field, 
now of maximum strength in south polarity. At d all the energy has returned to the electric field form, 
where strength is maximum in negative polarity. At e the conditions are the same as at a. There has 
been one complete cycle of magnetic and electric field changes. 
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Fig. 64-4. Time or phase relations of the two fields in an electromagnetic wave. 
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Fig. 64-5. Relative directions of the two fields of a radiated wave, and their direction of travel. 

&te may think of the magnetic and electric fields as flying together through space somewhat as illus-
trated by Fig. 64-5. When the conductors of the transmitting antenna are on a horizontal line, parallel 
to the surface of the earth, the magnetic lines are vertical and the electric lines are horizontal. As the 
fields travel out through space their lines of force normally remain in these relative positions. The lines 
of the two fields are at right angles to each other. It is apparent also from the diagram that the lines of 
both fields are at right angles to the direction in which they travel through space. 

The electric and magnetic fields between which there is exchange of energy form what is called an 
electromagnetic wave. This is the carrier wave with which we are so much concerned. The electro-
magnetic wave really is a surge of energy whose form continually is changing between electric and 
magnetic. 

F ere the conductors of the transmitting antenna vertical instead of horizontal we should have a radiated 
electromagnetic wave in which the electric lines are vertical and the magnetic lines horizontal. This is 

because the electric lines of the moving wave always are parallel to the conductors of the transmitting 
antenna, and the magnetic lines are at right angles. 

The electromagnetic wave is said to be polarized in the direction of the radiated electric lines of 
force. With a horizontal antenna we have horizontally polarized waves, as at 1 in Fig. 64-6. Fith a 
vertical transmitting antenna we would have vertically polarized waves, as at 2. 
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Fig. 64-6. Horizontal polarization ( 1) and vertical polarization (2). 

3 It is standard to have horizontally polarized carrier waves for television and for f-m broadcast trans-
mission. The direction or polarization of the receiving antennas must be the same as that of the trans-
mitting antennas. Therefore, television and f-m broadcast receiving antennas are mounted so that their 
conductors extend horizontally. One reason for using horizontal polarization is that radiation from 
sparking electrical machines and from many other sources of interference is vertically polarized ir most 
cases, and does not so strongly affect a horizontally polarized receiving antenna. 

Vertical polarization is used for standard a-m sound broadcasting, also for the lower short-wave broad-
casting and general communication. Vertical polarization may also be used for high-frequency trans-
mission and reception when desired. 

If we could look down on a horizontally polarized transmitting antenna, and were it possible to see the 
electric lines of force, they would appear as in Fig. 64.7. l‘here the lines are drawn closest together the 
field is of maximum strength, and midway between these points the field strength is zero. Then all the 
energy would be in the accompany magnetic field. 

Since high-frequency currents in the transmitting antenna continually are reversing their direction, or 
are alternating, the radiated field lines must be doing likewise. Looking at the portion of the wave 
traveling toward the right, at distance a from the antenna, the field lines are in one direction or polarity. 
At b they are in the opposite direction or polarity. At c they are back in the first direction, and so they 
continue to reverse directions all the way to your receiving antenna. 

From a to c or from b to d in Fig. 64-7 the electromagnetic wave goes through one complete cycle of 
changes, both electric and magnetic. The time for completing this cycle must be the same as the time 
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period of one cycle of alternating high-frequency current in the transmitting antenna. If, for example, 

the carrier frequency were 50 megacycles or 50,000,000 cycles per second, the time from a to c or from 
b to d would be 1/50,000,000 second. 

The wave, with its electric and magnetic fields, is traveling away from the antenna at the tremendous 
speed of light. This speed is 186,000 miles per second. As usually measured in the radio sciences, with 
the meter as the unit of distance, this is a speed of 300,000,000 meters per second. One meter is equal 

to 39.37 inches or to 3.281 feet. 

To determine how far the wave has traveled during one cycle we divide 300,000,000 meters (distance 
per second) by 50,000,000 (cycles per second) and find the answer to be 6 meters. The 50-megacycle 

wave travels 6 meters through space during every complete cycle. Then the length of one 50-megacycle 
wave in space is 6 meters, and we may say that transmission is being carried out at a wavelength of 6 

meters. 
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Fig. 64-7. how intensity varies in the electric field of a moving electromagnetic wave. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 64 — Page 8 

TRANSMITTING 
ANTENNA 

EARTH SURFACE 

HORIZON 

RECEIVING 
ANTENNA 

Fig. 64-8. Horizon distances from a transmitting antenna and from a receiving antenna. 

Ilith a frequency of 50 megacycles the wavelength must be 6 meters. You can translate any frequency 
in megacycles to the corresponding wavelength in meters by dividing 300 by the number of megacycles. 
As an example, dividing 300 by 50 (megacycles) gives 6, the wavelength in meters. Also, dividing 300 
by any wavelength in meters gives the corresponding frequency in megacycles. If you divide 300 by 6 
(meters wavelength) the answer is 50, the frequency in megacycles. 

TRANSMISSION DISTANCES. Radiation waves at very-high and ultra-high frequencies not only travel 
at the speed of light but they behave like light in many other ways. For one thing, these carrier waves 
travel on a "line-of-sight" or on a straight line with only very slight bending under any conditions. 
Theoretically, a downwardly inclined wave from a transmitting antenna, as in Fig. 64-8, could not pass 
beyond the horizon, which is the farthest point on the earth's surface that could be seen from the position 
of the antenna. 

If this wave passes just over the surface of the earth at the horizon, as seen from the transmitter, it 
could proceed and be picked up by a receiving antenna at some point beyond the horizon. In our illustra-
tion, were the receiving antenna any lower than shown, the wave would pass completely above it and 
there would be no reception. Also, a wave leaving the transmitting antenna at any higher angle or inclin-
ation would pass above this receiving antenna. These more elevated waves could be received only by 
raising the receiving antenna, which would have the effect of extending the horizon distance from this 
antenna. 

It is apparent that the higher the transmitting antenna and also the higher the receiving antenna the 
greater may be the distance between the two at which reception is possible. The total distance is the 
sum of the distance from the transmitting antenna to its horizon plus the distance from the receiving 
antenna to its own horizon. 

Actually the maximum reception distance is a little greater than the sum of the two horizon distances 
because of a phenomenon called diffraction. Diffraction is a slight bending of the carrier waves as they 
pass the boundary of any solid object along their path. Diffraction may occur when the wave comes to 
the earth at the horizon, and the wave will be bent a trifle downward as it goes over the horizon. This 
diffracted and downwardly bent wave could be picked up by a somewhat lower receiving antenna beyond 

the horizon. 
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IONOSPHERE 

Fig. 64-9. Wave reflection between the ionosphere and the earth at the lower radio transmitting frequencies. 

Radio waves at standard broadcast and the lower short-wave frequencies travel much farther than 
waves at very-high and ultra-high frequencies. This is because the lower-frequency waves can be re-
flected from a layer of ionized gases about 70 to 80 miles above the surface of the earth. This is illus-
trated by Fig. 64-9. 

Part of the energy in an upwardly inclined radio wave striking the "ionosphere" is reflected back 
toward the earth and toward receivers possibly hundreds of miles from the transmitter. When a reflected 
wave comes back to earth it may again be reflected in part strength from the earth or water and go back 
up to the ionosphere for a second downward reflection. This can keep on until some part of the original 
wave energy reaches distances thousands of miles from the transmitter. 

Waves at very-high and ultra-high frequencies undergo negligible reflection from the ionosphere. Prac-
tically all the energy radiated upward goes right through the ionized gases to interplanetary space. 
Therefore, satisfactory and dependable television reception is limited to but little more than line-of-
sight distances. 

The horizon distance, plus a liberal allowance for diffraction effect, is approximately equal in miles 
to the square root of twice the antenna height in feet. Such distances may be read without computation 
from the graph of Fig. 64-10. On the left-hand vertical scale find the antenna height in feet above aver-
age ground level. Trace across to the diagonal line, thence downward to the scale of transmission 
distances in miles. 

This graph applies to báth transmitting and receiving antennas. Total theoretical reception distances 
is the sum of the graph distances for the transmitting antenna and the receiving antenna. For example, 
assume a transmitting antenna 1,000 feet high and a receiving antenna 30 feet high. The distance for the 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 64 — Page 10 

T
R
A
N
S
M
I
S
S
I
O
N
 
D
I
S
T
A
N
C
E
 
-
-
 
M
I
L
E
S
 

o— u,— Irs2 C...I 2. Crt 
0 CD 0 

ANTENNA HEIGHT -- FEET 

à" § gg g 

- 
0 
0 1 

I 

Fig. 64-10. Television reception or transmission distances in relation to the heights of transmitting and 
receiving antennas. 

transmitting antenna is 45 miles and for the receiving antenna it is about 7.8 miles, so maximum possible 
reception distance between the two antennas is the sum, 52.8 miles. 

()Practicable increases of receiving antenna height add but little to the total reception distances based 
on horizons. For instance, increasing the height from 30 to 50 feet would add only about 2.2 miles, the 
gain being from 7.8 to 10 miles. Yet such an increase of receiving antenna height nearly always would 
allow an immense improvement in reception. This is because the higher antenna would be far above 
most objects which absorb and deflect the wave energy, and it would be much farther removed from most 
sources of electrical interference. Almost surely there would be great improvement in the ratio of signal 
to noise. 
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Radio waves travel through empty space almost without loss of energy, as witness the fact that radar 
waves have been sent to the moon and received on earth when reflected back. But the space between a 
television transmitting antenna and your receiving antenna is far from empty. In addition to gases which 
form air, and the suspended moisture, there are trees, wires, and all manner of things which absorb 
energy. As a result of energy losses it is found that maximum distance for satisfactory picture reception 
seldom is more than 60 miles with any ordinary heights of transmitting and receiving antennas. 

Extreme height of the transmitting antenna can increase reception distance. From the many transmitting 
antennas on Mount Wilson, near Los Angeles, there is regular reception in cities such as Santa Barbara 
and Bakersfield, nearly 100 miles away, and even at San Diego which is about 115 miles distant. Recep-
tion distance may be temporarily increased by "freak" conditions. Such conditions include downward re-
fraction where the waves pass through the boundary between air masses at different temperatures, densi-
ties, and humidities, just as when light passes between air and glass or between pieces of glass having 
different indexes of refraction. 

REFLECTIONS AND SHADOWS. Another way in which very-high and ultra-high television waves 
behave like light waves is that both may be reflected from many objects on earth, although both go right 
through the ionosphere. When the television carrier waves strike the surface of some object whose di-
electric constant is markedly different from that of air or a vacuum, there usually is reflection of a con-
siderable portion of the wave energy. This happens at building surfaces of brick, cement, terra cotta, 
and stone. There are reflections also from the steep sides of hills and cliffs. Your own body may act as 
a reflector. 

The strongest reflections are from metal surfaces, such as large or small tanks for water or gas, from 
structures such as bridges, and from metal sheathed buildings. Reflections are most numerous in the 
built-up sections of cities, especially in manufacturing districts where there are many metal structures 

and other large objects of metal. Reflection is much less common in the suburbs and in comparatively 
open country. 
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Fig. 64-11. Simultaneous pickup by a receiving antenna of a direct wave and a reflected wave. 
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Fig.. 64-12. %Save reflection can produce a second pattern or picture, called a ghost. 

Your receiving antenna can pick up a reflected signal or several reflected signals at the same time it 
collects energy from a direct wave. This is illustrated by Fig. 64-11. Time for wave travel to the re-
flecting surface and from there to the receiving antenna is, of course, longer than the time taken by a 
direct wave coming to the receiving antenna. The reflected wave has traveled a greater total distance, 
consequently arrives at the receiving antenna a fraction of a microsecond or a few microseconds after 

the direct wave. 

The two received signals, one direct and the other reflected, produce two pictures or patterns. Since 
the reflected wave arrives later than the direct wave, and the electron beam moves from left to right in the 
picture tube, the reflection picture will be displaced to the right of the direct picture on the screen. 

(3 Fig. 64-12 illustrates what could happen were the two signals of nearly equal strength, and were there 
a large difference between their arrival times. Ordinarily the reflection signal is weaker than the direct 
one, and the picture produced by reflection is not so far displaced from the direct one. The picture or 

pattern resulting from wave reflection is called a "ghost". 

Fig. 64-13 illustrates some facts relating to wave reflection. While the electron beam in any picture 0 
tube completes one horizontal trace, in approximately 53 microseconds, a carrier wave in space travels 
about 9.8 miles. If a reflected wave has traveled a total of 1,000 feet farther than a direct wave, the 
ghost will be displaced to the right of the direct reproduction by about 1/50 of the screen width. The 
displacement measured in fractions of an inch becomes greater with increase of screen width or picture 
tube size. If the reflected wave has traveled only a small additional distance it will arrive so soon after 
the direct wave as to cause no distinctly separate image, but only a blurring and loss of detail. It is 
easy to suspect the focusing adjustments when reflections are the real trouble. 
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Fig. 64-13. Why a ghost image results from reception of direct and reflected waves. 

Reflections are more troublesome from large surfaces than small ones, because a greater area of the 
"wave front" is reflected. The higher the carrier frequency the smaller may be a surface that causes 
troublesome reflection. Reflected signals have no noticeable effect on reproduction or quality of sound. 
Our ears do not detect the slight difference in timing or in phase of the direct and reflected sound signals. 

Because very-high and ultra-high frequency waves travel practically along a line-of-sight they are 
completely cut off on the far side of any large solid masses, such as hills, large buildings, and large 
structures in general. Such objects cast a signal shadow, and when they are between the transmitting 
and receiving antennas no direct signal can be received. 

When a receiving antenna is in a wave shadow it may be possible to pick up a satisfactory signal from 
a strong reflected wave. A difficulty which may be encountered under such conditions is pickup of 
several reflections of nearly equal strengths, with resulting blurring of pictures. Later we shall learn 
how reflection effects may be eliminated or greatly reduced by suitable antennas and antenna accessories. 
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T.IIE RECEIVING ANTENNA. The fundamental form of receiving antenna is the same as that of the 
transmitting antenna, two conductors of similar length and diameter placed end to end, supported hori-
zontally, and connected at their inner ends to the receiver. Such an antenna is called a dipole. Fven a 
structure such as shown by Fig. 64-14 can be traced back to the elementary form, although it has under-
gone numerous modifications which improve the performance. 

The two conductors of a simple dipole are separated at the center only so that we conveniently may 
take current and power from then to the receiver. So far as the actions of fields and electric charges 
are concerned we could use a single continuous conductor, as will be done in much of the following 
explanation. 

Fig. 64-14. A Taco stacked semi-conical antenna with reflectors. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.64 — Page 15 

ONE WAVELENGTH 

r—  1 

2 

V 

HALF-WAVELENGTH 

3 

4 

5 

6 

7 

8 

o o on on 

I 0 ejta—e.-

o  

o o  

0 0 0 0 0 0 VD 

Fig. 64-15. A moving electric charge in a receiving antenna conductor. 

Now let's see what happens in a receiving antenna when it is exposed to the successive moving 

electric fields of a carrier wave, as at the left inFig. 64-15. To begin with, consider the conductor 
represented at 1 on the right. This conductor is not being affected by any external forces and its free 
electrons are uniformly distributed. The small circles stand for some of the billions of free electrons 

in the conductor. 

At 2 one end of the conductor has been approached by an external negative electric charge, or by the 
electric field lines which we imagine as associated with such a charge. The negative electron at that 
end of the conductor is repelled by the external charge and moves away. This brings the repelled elec-
tron close to the one next farther along in the conductor. The two negative electrons which now are 
closer together repel each other. The first one cannot go back, because of the external negative charge 
or field, so the second electron is pushed away as at 3. The same action takes place all the way along 
the conductor, as shown by successively numbered diagrams, until the farthest electrons are pushed 
together at 8. 

1+‘herever two circles are shown pushed close together there is a concentration of free negative elec-
trons in excess of the normal uniform distribution. A concentration of free negative electrons forms a 
negative electric charge, as you well know. Therefore, we actually have had a negative charge moving 
from one end to the other of the conductor. No electrons have moved from one end to the other, it is only 
a charge that has moved. 

here is a simple comparison which illustrates a moving charge. Assume that you have a string of 
billiard balls or bowling balls against one another in a trough, and strike the first ball a sharp blow. The 
last ball of the string instantly moves away, but the intervening balls shift hardly at all. A force, equiv-



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 64 — Page 16 

aient to our electric charge, has traveled almost instantly from the first ball to the last one, although 
each individual ball, except the last one, remains almost unmoved. 

The last free electron at the far end of the conductor in diagram 8 cannot escape to relieve the con-
centration or charge at that point. Then this negative charge repels the negative free electrons just back 
of it. The whole performance now repeats in reverse, with the electron concentration or charge moving 
back toward its starting point. If the external negative change originally applied has been removed, we 
end up with an electron concentration or a negative charge as the left-hand end of the conductor, as 
shown by Fig. 64-16. 

As you know, no free electron can progresa very fast nor very far through the molecules or atoms of a 
conductor, and it doesn't have to. But the charge can move exceedingly fast, for the free electrons are 
so close together that the repulsion force of one acts almost instantly on the next one. The charge moves 
from end to end of the conductor very nearly as fast as an electromagnetic wave travels through space. 

In Fig. 64-16 the backward moving charge reaches the left-hand end of the conductor. This charge 
then acts in exactly the same way as the original external charge at that end, and in the same way as 
the charge earlier developed at the right-hand end. The charge is forced back to the right. The charge 
is being reflected back and forth between the ends of the conductor. This will continue until all the 
extra energy put into the conductor from the original external charge or field is dissipated in overcoming 
resistance and other losses. 

Instead of speaking of the moving concentration of electrons as a charge we often call it a wave. Then 
we say that there is wave reflection at the ends of the conductor. 
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Fig. 64-16. The charge is reflected at the two ends of the conductor. 
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Fig. 64-17. The length of the antenna conductor is equal to a half-wavelength of a space wave. 

Although the electric charge moves along the conductor at slightly less speed than a radiated wave 
moves through space, we shall assume for the time being that the charge can move and does move at the 
same speed as an electromagnetic wave in space, and that the reflected charge swings back and forth 
between conductor ends at this speed. 

Supposing that the conductor is 6 meters in length, or as long as a 50-megacycle wave in space. Then, 
assuming that a charge in the conductor can travel at the same speed as a wave in space, the charge 
will go from one end to the other of the conductor in exactly the same time required for a 50-megacycle 
or 6-meter wave to travel one wavelength in space. 'Ibis is in accordance with the relations between 
frequency, wavelength, and distance previously explained. 

Next, supposing that we cut the conductor in half, making it 3 meters long. Now a charge can travel 
from one end to the other during the time in which a radiation field travels a half-wavelength in space. 
Fig. 64-17 shows the relations between wave travel, movement of a reflected charge, and conductor 
length. 

Now we shall see what happens in an antenna conductor which is in the path of moving electromagnetic 
waves. At the top of Fig. 64-18 are represented the changes of electric field intensity in a radiation 
wave at successive instants of time as the wave moves across the antenna conductor. Relative field 
intensities are shown by variations of spacing between the electric lines of force. The antenna con-
ductor, a half-wavelength long, is shown as it is reached alternately by maximum and minimum field 
intensities at equally spaced instants of time numbered from 1 to 5. 

Down below are two curves. One represents the varying intensity and reversing polarity of the electric 
field, which furnishes the potential or voltage being applied to the antenna conductor. The other curve 
represents current in the antenna conductor. This current really consists of a moving charge which, 
since it is a concentration of electrons, may be considered as electron flow at a rate of so many coulombs 
per second past any given point. Such a flow is, of course, an electric current. 
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V4hen examining curves representing voltage and current, as at the bottom of Fig. 64-18, we must keep 
in mind that time is assumed to elapse from left to right. Anything shown toward the left occurs before 
anything toward the right, and anything toward the right occurs later than anything on the left. Instant 1 
is at an earlier time than instant 2. Instant 2 occurs before instant 3 and so on. This is the conven-
tional and accepted way of indicating time relations or phase relations between voltages and currents. 

Vhe commence, at instant j . with the charge or electron concentration momentarily at rest as it reaches 

one end of the conductor and is about to be reflected. Since there is now no electron movement, antenna 
curient must be shown as of zero value. Electric field intensity, which is the potential or voltage applied 
to the conductor, here is of maximum negative amplitude. The charge now starts along the conductor, 
reaching a maximum rate of flow at instant 2 where antenna current is shown as of maximum amplitude 
and negative polarity. Field intensity or voltage now is zero. 

HALF-WAVELENGTH HALF-WAVELENGTH 
 A  

EARL IER TIME LATER 

C.) 

ZERO 

ANTENNA 

CURRENT 
ELECTRIC FIELD 

OR VOLTAGE 

Fig. 64-18. A charge naturally reflected back and forth is aided by energy taken from the carrier wave. 
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At instant 3 the charge has arrived at the end of the antenna conductor, is momentarily at rest, and is 
about to be reflected. This means zero electron movement or zero current. Field intensity or voltage is 
maximum in a polarity opposite to that of instant 1. Now the charge or electron concentration begins its 
return trip, and at instant j.. we have maximum rate of flow or maximum current in positive polarity, 
accompanied by zero field intensity or voltage. 

At instant 5 one full cycle of voltage and current has been completed, and we are again at the condi-
tions of instant 1. The electromagnetic wave has traveled two half-wavelengths or one full wavelength, 
which is one full cycle of wave motion. 

We have been assuming that a charge moves from end to end of the antenna conductor in the same time 
that a radiation field travels a half-wavelength in space, although actually the speed of the charge in 
the conductor must be somewhat less than that of the field in space. The explanation is that we do not 
cut the conductor to the exact length of a half-wave in space, but make it a little shorter. Then the 
charge, in spite of its slower speed in the conductor, can travel the shorter distance in the allotted time. 

Changes of antenna voltage and current as shown by curves at the bottom of Fig. 64-18 keep time with 
changes of intensity in the electric and magnetic fields of the radiated wave as the wave moves past a 
fixed point in space, at which is the antenna conductor. This is illustrated by Fig. 64-19, at the top of 
which are represented the electromagnetic fields during one complete cycle of a radiated wave traveling 
from right to left. At point 1 there is maximum intensity of the electric field, whose lines of force are 
moving toward us. At this point all the energy of the wave is in the electric field, so we show the voltage 
curve, down below, as of maximum amplitude and negative polarity. This choice of polarity is merely one 
of convenience, so that we may be able to identify one direction of field lines as opposite to the other 
direction. Note that electric fields always are associated with potentials or voltages. 

At point 2 all the wave energy has gone over into the magnetic field, whose lines of force are shown in 
a downward direction. Here the antenna current is shown as of maximum amplitude in negative polarity. 
Again the choice of polarity is only a matter of convenience. Note that magnetic fields always are 
associated with currents. 

At point 3 the wave energy has returned to the electric form, but the lines of force have reversed their 
direction. Accordingly the voltage curve is shown as of maximum positive amplitude. At 4 the wave 
energy once more is in the form of a magnetic field, but with lines of force in an upward direction. To 
conform with this magnetic field the curve of antenna current is shown as of maximum amplitude but of 
positive polarity. 

At point 5 the electric and magnetic fields of the radiation wave have completed one cycle, and are 
back where we started at point 1. Also, the antenna voltage and current have completed one cycle, and 
have the same relations as at point 1. 

Even though no radiated waves were acting on the antenna conductor, the charge, once in motion, 
would be reflected back and forth at the frequency corresponding to conductor length and velocity with 
which the charge travels. However, the charge soon would cease to move because all its energy would 
be dissipated. Energy thus lost is replaced by energy taken from the radiated wave, and the charge is 
enabled to maintain its movement. Wave energy may also add to the charge or increase the concentration 
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Fig. 64-19. Antenna voltage and current are in phase with changes of intensity in the electric and meg-
netic fields of the electromagnetic wave. 

of electrons. Energy in the antenna conductor thus may be built up until there is a balance between that 
continually taken from carrier waves and the amount being dissipated and transferred to the receiver. 

Antenna current which is maintained by wave energy will surge back and forth in the same manner 
whether the conductor is a single piece or is cut at the center. Carrier waves act along both conductor 

sections when there is a center gap. If we connect two wires from the inner ends of the separated anten-
na conductors to the receiver input circuit, free electrons in these wires and in the receiver circuit will 
be forced to surge back and forth in time with movements of electrons in the antenna. Then, in the re-
ceiver input circuit, there will be current at the same frequency and same relative amplitudes as in the 

antenna of the transmitter far away. 
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DIPOLE ANTENNAS. An antenna of the type described is a dipole no matter what its length. VI hen 
overall length of the antenna conductors is such that a charge or charges can travel from one outer end 
to the other in the same time that an electromagnetic wave travels a half-wavelength in space we have a 
half-wave dipole. The half-wave dipole is the fundamental form from which all television receiving 
antennas have been evolved. 

A half-wave dipole antenna has many of the characteristics of tuned resonant circuits with which we 
are so familiar, because this antenna actually is resonant at the frequency or wavelength corresponding 
to conductor length. The half-wave dipole is tuned to a certain frequency or wavelength by making the 
conductors approximately as long as a half-wave at that frequency. An important characteristic of the 
half-wave dipole is its irnnedance. The impedance of any given antenna will vary with frequency of re-
ceived carrier waves, just as the impedance of any other tuned circuit varies with applied frequency. 

A half-wave dipole antenna possesses some certain Q-factor, as does any other resonant circuit. If we 
make the antenna of high-Q design and construction it will have a rather sharp peak of resonance, and 
will pick up sufficient signal energy in only a narrow range of frequencies. By lowering the Q-factor we 
may increase the bandwidth. Then, as with every resonant circuit, there will be some loss of gain. 

The dipole antenna may be turned or "oriented" to receive signals in maximum strength from only one 
direction. The angle within which there is strong reception may be made very sharp, or, if we so desire, 
it may be widened to receive signals from any stations within a rather large directional spread. The 
dipole also may be rotated so that it refuses to accept signals from certain directions or, at least, picks 
up very little energy from these directions. 

'1 here are antenna attachments, called parasitic elements, which will practically cut off reception from 

one direction while greatly strengthening signal pickup from the opposite direction. +;e may erect and 
connect together two or more dipoles with or without parasitic elements to greatly increase the gain, 
somewhat as we might add stages of amplification in a receiver. 

These are a few of the reasons why it is possible to have such improvement in picture reproduction by 
working with the antenna, and why reception is likely to be poor at any great distance from transmitters 

unless you know what can be done with antennas and how to do it. How to do it will be the subject for 
following lessons. 
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ANTENNA CHARACTERISTICS 

Every television receiving antenna, no matter what its type, possesses five important characteristics. 
They are impedance, gain, bandwidth, directional properties, and front-to-back ratio. Impedance determines 
the degree to which signal currents and power are weakened at various received frequencies. An impedance 
curve for an antenna might appear as at 1 in Fig. 65-1. Gain is a measure of signal power from the antenna 
in question as compared to the power from the saine carrier wave in some other type taken as a standard. 
Signal strength from the antenna at 2 might be several times greater than from a simple half-wave dipole. 
, 
Bandwidth refers to how great is the range of carrier frequencies satisfactorily received by the antenna. 

Bandwidth could be called frequency response,and shown as at 3 in Fig. 65-1. The directional property de-
termines how wide or how narrow will be the angle within which carrier waves may come to the antenna for 
reception at given strengths, and from what direction the signals must come. Later we shall examine direc-
tional patterns such as the one shown at 4. Front-to-back ratio tells the relative signal powers obtained 
from carrier waves coming toward the front and toward the back of the antenna. 

ANTENNA IMPEDANCE. Our attention will be given first to the matter of impedance, for all the other 
characteristics are affected by or related to impedance. According to our original definition of impedance it 
is opposition to flow of alternating current in a circuit containing resistance and eitherinductivereactance, 
capacitive reactance, or both kinds of reactance. Impedance, in ohms, is equal to the number of alternating 
volts applied to a circuit divided by the number of alternating amperes of resulting current flow. 

You may think of the alternating voltage applied to the antenna as being the force in the electric fields of 
the carrier waves. The alternating current consists of the charges that surge back and forth within the an-
tenna conductors. 

If the antenna is of a total length that matches a half-wavelength of the carrier that is to be received, the 
charges within the antenna conductors surge back and forth within time periods that naturally match the times 
between successive electric fields.Then the charges and signal power are built up to the greatest possible 
strength. 

In an ordinary electric circuit the greater the current produced by any value of applied voltage the less 
must be the impedance of the circuit. For example, were 10 volts to cause current of 2 amperes, the circuit 
impedance in ohms would be 10/2 or 5 ohms. Were the same 10 volts to cause 3 amperes of current the cir-
cuit impedance would be 10/3, or only 2 ohms. The same general rule holds true for voltage, current, and 
impedance of an antenna. 

7:hen there is maximum possible antenna current for any given carrier or field potential it means that the 
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Fig. 65-1. Antenna characteristics may be shown with graphs. 

antenna impedance must be of minimum possible value. Since there is maximum antenna current when the an-
tenna is cut to match a half-wave-length of the carrier, this must be the length which allows minimum impe-
dance. 

The relations between antenna length and carrier wavelength for minimum antenna impedance are illustra-
ted atl in Fig. 65-2. At the open ends of the antenna there will be zero movement of electrons, which means 
zero current, as the moving charge comes to rest and is reflected. When there is zero current at the end of 
the antenna there must be maximum voltage, because at any open circuit we have this condition. Then the 
reflected charge or maximum current will have come back to the center of the antenna as the voltage goes 
through its zero value. 

If electric field strength of the carrier and current in the antenna can remain in such time relation or phase 
relation to each other as to satisfy the conditions just outlined the result will be maximum current and max-
imum signal power. This will be possible only when antenna length equals a half-wavelength of the carrier 
to be received, for only then can the current surge back and forth between ends of the antenna in exactly 
the time that elapses between arrival of successive carrier waves. 

Supposing now that the antenna is made longer than a half-wavelength of the carrier, as at 2.The charges 
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or current surges now have farther to travel between reflections, and they tend to fall behind the changes 
of carrier field strength. During the ends of each cycle the movement of charges in the antenna will be hin-
dered rather than assisted by the carrier field. Although carrier field strength remains unchanged there will 
be less total antenna current. This means that antenna impedance has been increased. 

Look next at diagram 3 of Fig. 65-2. Here the antenna has been made shorter than a half-wavelength of 
e carrier. Charges or current surges now have less distance to travel between reflections than in diagram 

1, and they tend to get ahead of changes in carrier field strength. Antenna current will try to complete its 
cycle before the completion of a cycle of carrier field strength. The result of this out of phase condition is 
reduction of antenna current, which means that impedance has been increased. Impedance is increased and 
antenna current is lessened when the antenna length is either more or less than a half-wavelength of the 
carrier. 

Now let's look at this matter of antenna impedance from another standpoint. At 1 in Fig. 65-3 a half-
wavelength of the received carrier matches the length of the antenna. This is true also at 1 in the preced-
ing figure. At 2 in Fig. 65-3 the antenna length is unchanged, but carrier frequency is higher and its wave-
length shorter. This, in effect, makes the antenna longer than a half-wavelength of this higher-frequency 
carrier, just as at 2 in the preceding figure. Again we have the carrier field opposing movement of antenna 
charges during part of the cycle. There is reduced current and greater impedance. At 3 the antenna length 
still is unchanged, but now the carrier is of lower frequency and longer wavelength. This, in effect, makes 
the antenna shorter than a half-wavelength of this lower-frequency carrier. Conditions are the same as at 3 
in Fig. 65-2, and antenna impedance is increased. 

Antenna impedance is increased in Fig. 65-2 by making the antenna either longer or shorter than a half-
wavelength of the carrier to be received. In Fig. 65-3 the antenna impedance is increased when carrier fre-
quency is either higher or lower than that for which the antenna is cut. Note this: More antenna length has 

>»-- WAVE TRAVEL »>--- WAVE TRAVEL ---411•••• 

1 
WAVE TRAVEL -a-

Fig. 65-2. Why changes of antenna length alter signal current and power. 
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Fig. 65-3. Why changes of carrier frequency alter signal current and power 
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the same effect as higher carrier frequency, while less antenna length has the same effect as lower carrier 
frequency. 

There is only one carrier frequency for which a half-wave dipole of any given length can have minimum 
impedance, and there is only one antenna length at which there can be minimum impedance for any given 
carrier frequency. When a simple half-wave dipole is well separated from all surrounding objects this type 
of antenna has minimum impedance of about 72 or 73 ohms. This impedance consists entirely of resistance, 
there are no reactances mixed in with it. You will say, correctly, that the antenna conductors are of such 
large diameter and of such little length in feet or inches that they could not possibly have anywhere near 
this much resistance to current flow. 

The explanation for the seemingly high antenna resistance is that we are not talking about ordinary ohmic 
resistance, but about high-frequency resistance. As you will recall, high-frequency resistance is a measure 
of all kinds of energy losses. here we are considering all the energy that is used for convertingcarrier field 
strength into signal currents. This lost energy is equal to that which would be lost, or changed to heat, in 
forcing the antenna current through 72 or 73 ohms of ordinary ohmic resistance. When we say that minimum 
antenna impedance is so many ohms, we are referring to the number of ohms that would use up the same en-
ergy that actually is being used to convert carrier waves into signal currents. 

'Many explanations of antenna performance are easier to understand if we think of the antenna as a reso-
nant circuit which may be tuned to a given frequency by cutting the conductors to suitable length. This is 
the correct way to think of a television antenna, for it really is a resonant circuit. The transmission line 
which runs from antenna to receiver " sees" the antenna as a series resonant circuit. 

A resonant circuit has inductance and capacitance, and has inductive and capacitive reactances The 
television antenna possesses inductance because even a straight conductor of any kind has inductance di-
rectly proportional to its length. There is capacitance between different points along the antenna conduct-



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 65— Page 5 

ors. There must be capacitance because there are ditterences of potential or charge along the antenna. Be-
tween different potentials are electric lines of force acting through surrounding air as a dielectric. Where 
there are electric lines of force there is capacitance. 

The antenna is resonant at a frequency whose half-wavelength is equal to the effective length of the an-
tenna. At this resonant frequency the inductive and capacitive reactances balance out and leave only that 
minimum resistance which represents the losses in conversion of wave energy to signal currents. This con-
dition is represented at 1 in Fig. 65-4. 

If the received carrier frequency is higher than that for which the antenna is cut, or if the antenna is too 
long for the received frequency, as at 2, we have in the antenna an excess of inductive reactance. On the 
other hand, we have reduction of inductive reactance and a remaining excess of capacitive reactance when, 
as at 3, the carrier frequency is lower than that for which the antenna is cut, or when the antenna is too 
short for the received frequency. 

The further we depart from the condition of resonance, either in received frequency or in length of an-
tenna. the greater becomes the excess reactance of one kind or the other. Then there is increase of impe-
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Fig. 65-I, Relations between carrier frequency, antenna length, and antenna reactances. 
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Fig. 65-5. An impedance curve for an antenna. 
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dance, and a reduction of signal current available for the receiver. Fig. 65-5 shows variation of impedance 
at various low-band channel frequencies in a particular antenna cut for resonance at the center frequercy of 
channel 4. 

The theoretical value of minimum impedance, 72 or 73 ohms for the simple half-wave dipole, is based on 
the assumption that the antenna conductors are well elevated above the ground, are far removed from all 
other conductors and also from dielectrics or non-conductors, and are used without any such parasitic ele-
ments as directors or reflectors, which will be examined later. Unless all these conditions are satisfied, 
the actual minimum impedance at the resonant frequency may be greater or less than the theoretical value. 

0  ANTENNA LENGTH. Fig. 65-6 shows how or where we measure the physical length, in feet or inches, 
of a half-wave dipole in matching this length with the .half-wavelength corresponding to some certain carrier 
frequency. The length is measured between the extreme outer ends of the two conductors. It is not the sum 
of the separate lengths of the conductors, because between them is a gap for connection of the transmission 
line that goes from antenna to receiver. 

The width of the center gap has no bearing whatever on the effective length of the antenna as considered 
from the electrical standpoint. When the antenna conductors are attached to an insulation block carried by 
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Fig. 65-6. Antenna length is the overall length. 

the supporting mast, the gap must be wide enough to allow clearance for the metal parts with no possibility 
of short circuiting the conductor ends and transmission line. When there is no danger of a metallic short 
circuit the gap must be wide enough that accumulation of dust and wind-blown dirt will not form a path short 
enough for signal current leakage. 

The frequency response or gain curve of a simple half-wave dipole is too sharply peaked for satisfactory 
reception of more than one channel, or two at the most. When you are more than six or eight miles from the 
transmitters, the antenna is cut for the one or two channels to be handled. When closer to the transmitters a 
simple dipole may give satisfactory reception throughout the entire low band or the entire high band of very-
high frequencies. Then the antenna is cut for the mid-band frequency of whichever band is to be handled. 

The accompanying table lists overall physical lengths for simple half-wave dipole antennas cut for cen-
ter frequencies of the very-high frequency channels, also for mid-band frequencies in the low and high bands. 

LENGTHS OF SIMPLE HALF-WAVE DIPOLE ANTENNAS 

Antenna Length - Inches 

Channel Center Decimal Common 
Numbers Frequency Measurement Fractions 

2 37 mc 99.90 99 29/32 
3 63 mc 90.30 90 19/64 
4 69 mc 82.30 82 19/64 

79 mc 72.10 72 3/32 
6 85 mc 67.00 67 
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Fig. 65-7. Lengths of straight half-wave dipole antennas for resonance at various carrier frequencies. 
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Fig. 65-7 gives overall lengths for simple half-wave dipoles in the form of a graph. To obtain lengths in 
the low band of television frequencies use the left-hand curve with the left-hand vertical scale of frequency, 
and the bottom scale for length. To obtain lengths in the high band, use the right-hand curve with the right-
hand vertical scale for frequency and the top scale for length. 

There are a number of simple formulas which convert frequencies into corresponding wavelengths in in-
ches or feet. Here are some of them. 

One wavelength inches 11811  
mc —  984 feet — 

in space mc 

Half-wavelength 
inches —  5985 feet 

in space mc mc 

Length of simple inches = 5690 feet — 468 
half-wave dipole mc mc 

BANDWIDTH AND GAIN. The frequency response or bandwidth of an antenna is affected by the same fac-
tors that determine frequency response of other kinds of resonant circuits, Especially important are changes 
of antenna impedance which occur with variations of carrier frequency. The frequency response of the an-
tenna, or signal current at various frequencies, will be the reciprocal of antenna impedance. 

As an illustration, assume that impedance of a certain antenna changes as shown at the left in Fig. 65-8. 
Then the relative response at the same frequencies will be as shown at the right. The response is shown in 
relative values or percentages of maximum, rather than in values of current, because actual current in am-
peres or microamperes will depend on signal strength and other things. 
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Fig. 65-e. Relations between antenna impedance and frequency response. 
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The response illustrated shows a sharp, narrow peak. This is because there is great change of impedance 
with small variations of carrier frequency. Such a response indicates an antenna designed, constructed, and 
used to have a high Q-factor — just as a sharply peaked resonance curve indicates a high Q-factor for any 
other kind of resonant circuit. 

Supposing that, with this particular antenna, you wish to receive programs in channel 4, whose frequency 
range is from 66 to 72 mc. The response curve shows that at 66 mc we have 80 per cent of maximum response 
and at 72 mc have 88 per cent. Supposing further that receiver sensitivity allows for satisfactory reception 
only when the signal input is at least the amount realized from an 80 per cent response. Then you could 
have reception only from channel 4, because for all other channels the response would be less than 80 per 
cent of maximum. Remember, we are working with an antenna cut for one particular frequency or narrow range 
of frequencies. 

If you move in closer to the transmitters, where field strength is greater, you might receive programs in 
channel 3 (60 to 66 mc) and possibly from channel 5 (76 to 82 mc). Also, you could have reception at the 
lower responses for these other channels by increasing receiver sensitivity, although interference and noise 
voltages then would be stronger in proportion to received signal strength. 

Performance illustrated by Fig. 65-8 is that of a narrow band or single- channel antenna. To have satis-
factory reception throughout the entire low band or entire high band at any great distance from transmitters, 
the antenna impedance would have to remain fairly constant over a much wider range of frequencies than it 
does with the antenna we are talking about. In order to receive programs in both the low and the high bands 
the antenna impedance would have to be even more constant with variations of frequency. The resulting 
broad band antenna would have to be of low-Q rather than high-Q design and construction. This would allow 
broader frequency response, but the gain or the signal currents would drop relatively low. 

If we are to have satisfactory reception throughout a wider range of frequencies, and at greater distances 
from transmitters, the antenna mustbe modified or added to in some manner that allows a given field strength 
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Fig. 65-9. Antennas which have greater pickup ability or greater gain than simple straight dipoles. 
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Fig. 63-10. A chart for making conversions between power gains in decibels and ratios of powers. 

of carriers to produce more antenna current. That is, we must increase the gain of the antenna while retain-
ing the broader frequency response. This is the principal object of most of the practical antenna designs 
which will be examined later. 

Pickup ability may be increased in various ways. One way is to provide more conductors facing the on-
coming carrier waves, possibly as at 1 in Fig. 6-;-9. This increases what we call the " frontal area" of the 
antenna. Another way, shown in one application at 2, is to use more than one set of antenna conductors in 
a "stacked" arrangement, with the sets of conductors or bays connected together and to the transmission, 
line so that their signal currents add together. 
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Large frontal areas lower the Q-factor and thus widen the frequency response while at the same time 
picking up more signal strength. The Q-factor may be lowered also by using conductors of larger diameter, 
as by using 1-inch tubing instead of a 1/2-inch or 3/8-inch diameter. Larger conductors reduce the Q-factor 
because they retain approximately the original inductance while increasing the capacitance because of 

greater surface area. 

GAIN MEASUREMENTS. The gain of a particular television antenna is expressed as a number which 
shows how much stronger will be the signals obtained from this antenna than from some other type taken as 
a reference standard. As a general rule the reference standard for antenna comparisons is a simple half-
wave dipole cut to suit the frequency at which the comparison is made. Both the measured and the reference 
antennas are presumed to be exposed to equal field strengths at the same frequency and to be so turned in 
relation to direction of wave travel that each has its maximum pickup. Unless the same reference standard 
is used for all comparisons the stated gains have no definite meaning, and they are not comparable. 

Antenna gains are not stated as some number of times by which the signal power from a certain type ex-
ceeds the signal power from the reference antenna, but are given as so many decibels. A decibel is not a 
unit of power, like a watt, it is a unit that allows comparison of two powers as to their effectiveness in pro-
ducing some desired result. Decibel measurements may be used also for comparing voltages or currents, but 
when dealing with antennas we use decibels for comparing their signal powers. 

If antenna signal powers could be made to produce exactly proportional sound powers, the sound with a 
2-decibel gain would seem twice as loud as with a 1-decibel gain, and it would take a 4-decibel gain to 
make the sound seem twice as loud as with a 2-decibel gain. 

Fig. 65-10 allows conversion of gains expressed in decibels into equivalent ratios of two signal powers, 
power from the antenna in question and power from the reference standard. As an example, with an antenna 
whose gain is 4 decibels you can follow upward from 4 on the bottom scale to the diagonal line, then to the 
power ratio scale where it is shown that this antenna delivers 214 times as much signal power as the refer-
ence standard. Reading the other way around, 5 times the power (on the left-hand scale) means a power gain 
of 7 decibels, on the bottom scale. The abbreviation for decibels is db, written with small letters, not cap-
itals. 

DIRECTIONAL PROPERTIES. At 1 in 65-11 a half-wave dipole antenna is in the path of carrier waves 
traveling at right angles to the length of the antenna. As we have learned, the wave energy is at all times 
assisting the antenna charges or current. At 2 the antenna has been turned parallel with the direction of 
wave travel. The carrier fields now can neither aid nor oppose the antenna current, and current quickly would 
die away even though some force were to start the charges moving in the first place. At 3 the antenna is at 
an angle of 45 degrees to the direction of wave travel. Since the waves across the antenna conductor diag-
onally, intervals between successive fields will not coincide with periods between natural reflections of 
charges. The charges or the antenna current will be assisted by wave energy only part of the time. 

IQ Antenna current will be maximum when the antenna is at right angles to wave travel, will be zero when 
nt emna and wave travel are parallel, and will be something in between when the antenna is neither at right 

angles nor parallel to wave travel. 

At i in Fig. 65-11 the antenna is "geographically" in the same position as at 1, but wave travel now is 
at an angle of 45 degrees to the antenna axis. Obviously, the signal strength from the antenna will be the 
sanie as at 3. At 5 the antenna is in the same position as at 1, but the wave travel is parallel to the antenna 
axis. This is exactly the same condition as at 2, and the antenna will pick up zero signal. 
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›)  
WAVE TRAVEL 

Fig. 6-)-11. How an antenna may be turned or oriented in relation to direction of carrier wave travel. 

In the left-hand diagram of Fig. 65-12 the relative strengths of antenna signals with waves of equal 
.trength approaching from the directions of the various arrows are proportional to the lengths of the lines 
on which are the arrowheads. Signal strengths from waves approaching in any directions are proportional to 
distances from the antenna center out to the broken-line curve. 

If you look back at Fig. 65-11 it becomes apparent that relative signal pickups will not be altered if the 
direction of wave travel is reversed. This will be apparent upon turning that figure upside down. Then we 
may conclude that this antenna will pick up maximum energy from waves traveling in either of the two op-
posite directions with which wave direction is at right angles to the antenna axis. We must conclude also 
that pickup will theoretically be zero from waves traveling in either of the two opposite directions which 
are parallel to the antenna axis. 

.111 this is shown by the "directional pattern" at the right in Fig. 65-12. The relative strengths of sig-
nals picked up from waves in all directions is indicated by the curved outlines, which are the same as the 
single broken-line curve around the arrows in the left-hand diagram. This is the pattern for a straight half-
wave dipole used without any extra " parasitic" elements, and also for some of the other simpler kinds of 
antennas. It is the basic pattern for all television antennas, although great modifications may be made by 
altering the design and construction of antenna elements. 
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ZERO 

Fig. 65-12. Directional patterns for a straight half-wave dipole antenna. 

If the conductors of a half-wave dipole were to extend north and south, as in Fig. 6-13, there would be 
the strongest possible signals from transmitters at A and at 3. Were both transmitters of equal power there 
probably would be stronger signals from A than from B, because A is closer to the receiver. But in both 
cases the signals would be the strongest obtainable from these transmitters, because they are in directions 
at right angles to the antenna conductors. 

IF' 
E 

D 

Fig. How a directional pattern relates to signals from transmitters at various points of the compass. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.65 — Page 15 

There would be minimum possible signal pickup from transmitters at C and at D, because their directions 
from the receiver are on the axis of the antenna or are in line with the antenna conductors. Pickup from a 
transmitter at F would be weak, as you can tell by observing the point at which this signal line crosses the 
directional pattern. If we wish to have strong pickup from transmitter F the antenna may be rotated or orie-
nted to bring its conductors at right angles to wave travel from this transmitter. Then there would be poor 
reception from transmitters A and U. 

The antenna can be oriented for good pickup over quite wide angles from two opposite directions, but then 
the pickup will be weak for all transmitters not lying within these angles or arcs of circles. If sources of 
undesired radio signals are not in the same general direction from the receiver as are the television trans-
mitters, the axis of the antenna conductors may be pointed toward the interfering signals. This will reduce 
or eliminate the interference while allowing reception of the television signals. As indicated by the direc-
tional pattern, the angle of zero and weak reception is much narrower than the angle of satisfactory recep-
tion. This often allows cutting out the interference while there is continued good reception from television 
transmitters lying in most directions from the receiver. 

Directional patterns such as those of Figs. 6.5-11 and 65-12, and nearly all others applying to television 
antennas, are for carrier waves traveling on a line which is horizontal with respect to the position of the 
antenna in space. 1f the waves approach the antenna from an angle either above or below the horizontal, the 
pickup from directions in line with the conductors no longer is even approximately zero. 

‘‘ hen a direct or reflected transmission wave comes to the antenna from a direction that is5 degrees from 
a true horizontal line or plane through the antenna, the directional pattern will become about as shown at 
the left in Fig. 65-14. Still there is minimum pickup from directions in line with the antenna conductors, 
but this minimum is not very small. If a direct or deflected wave comes from 10 degrees away from a hori-
zontal line the minimum pickup from directions in line with the antenna conductors will be still greater, as 
shown at the right. 

)>>  

WAVES FROM 5 DEGREES 
ABOVE OR BELOW HORIZONTAL 

MIN. 

WAVES 10 DEGREES 
ABOVE OR BELOW HORIZONTAL 

Fig. 6:5-14. The directional pattern has no sharp minimums for waves arriving from above or below the 
horizontal. 
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Fig. 65-15. How antennas and reflectors are mounted. 

This explains why the effects of many kinds of electrical interference are reduced very little or not at all 
by attempts to orient the antenna so that its conductors are on a horizontal line through the source of inter-
ference. This type of interference seldom reaches the antenna along a horizontal line or plane, most often 
it comes from below the level of the antenna, and sometimes comes down from above. 

REFLECTORS. An antenna which receives signals equally well from two opposite directions is said to 
be hi-directional. This characteristic is an advantage when stations whose signals are desired lie in ap-
proximately opposite directions from the receiver. But far more often most of the desired stations are in the 
same direction from the receiver or, at least, in the same general direction. Then we should like to increase 
the response to signals from these stations while reducing response in other directions to lessen the ef-
fects of any possible interference. Both these objects may be attained at the same time by using a reflector 
with the antenna. 

reflector, as shown by Fig. 65-15, is a conductor supported back of the antenna and parallel to the an-
nna conductors, or parallel to the mean direction of antenna conductors ivhich are at symmetrical angles. 

The reflector is back of the antenna in relation to the direction of wave travel from transmitters which are 
to be received. That is, the reflector is placed so that desired carrier waves strike the antenna before they 
arrive at the reflector. 

The reflector usually is made of the same kind and size of tubing as the antenna conductors. It may be in 
one continuous piece from end to end,or divided at the center if this is convenient for design and construc-
tion. A single straight reflector may be used with any form of antenna, or it may be of the same form as the 
antenna. The reflector may or may not be insulated from the mast and cross arm. If it grounds to the mast 
the electrical operation is not altered. The reflector is not conductively connected by any wire or cable. to 
the antenna conductors, which are insulated from their supports. 

The action of a reflector may be explained as follows. The antenna itself does not deliver to the receiver 
all the energy taken from passing carrier waves. Some of this energy, which has changed into antenna cur-
rent, causes radiation fields around the receiving antenna just as such fields are caused around a transmit-
ting antenna. The magnetic fields that move out and back around the antenna cut through the reflector and 
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induce emf's and currents in the reflector. Then the reflector becomes surrounded with its own fields, which 
reradiate much of its received energy. A considerable portion of this reradiated energy goes back into the 
antenna. 

If the reflector is suitably spaced from the antenna, and if the overall length of the reflector is suited to 
the spacing, the energy sent back to the antenna will arrive there in such phase or time relation to carrier 
wave energy that the two forces add in the antenna. The result is an increase of about three or possibly 
more decibels in antenna gain, as compared with the same form of antenna used without a reflector. 

While the energy reradiated from reflector to antenna is reinforcing carrier wave energy coming from on 
front of the antenna, the reradiation arrives in such phase or time relation to wave energy from behind the 
antenna as to cause partial cancellation. For carrier waves which arrive first at the antenna, the direct and 
reradiated energies add in the antenna. For waves coming first to the reflector, their energy when reaching 
the antenna is largely cancelled by the out- of-phase reradiation from reflector to antenna. Were we to go 
into a detailed technical explanation of all these actions you would find that they depend on the fact that 
spacing between reflector and antenna allows energy from one wave or field to reinforce or cancel the en-
ergy from a following wave or field. 

Addition of a reflector changes the directional pattern from the form at the left in Fig. 65-16 to the more 
nearly undirectional form at the right. The approximately circular outlines of these and all other directional 
patterns are called lobes. The reflector acts to enlarge one lobe and reduce the other. The enlarged lobe 
would be called the front lobe. It extends in the direction from which maximum signal strength is desired. 
There is a relatively small back lobe. A larger lobe may be called also a major lobe, and a smaller one a 
minor lobe. 

The ratio between maximum pickup ability from the front and maximum from the back of the antenna is 
called the front-to-back ratio. The pattern at the left in Fig. 65-16 shows a front-to-back ratio of 1 to 1, be-
cause both lobes extend out to equal distances. The pattern at the right shows a front-to- back ratio of about 
314 to 1. Carrier waves coming from in front would cause signal strength about 31  times as great as waves 
of equal field strength coming from the back. 

Since a reflector increases signal pickup from the front and reduces it from the back, the antenna with 
reflector may be turned or oriented to lessen or eliminate ghost images caused by reflected waves from a 
direction approximately opposite to that of desired direct waves. 

Fig. 65-16. A reflector improves the front- to-back ratio. 
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REFLECTOR SPACING REFLECTOR LENGTH 

CLOSER FARTHER SHORTER LONGER 

GAIN 
RAPID 

INCREASE 
SLOW 

DECREASE 
ACCORDING 
TO SPACING 

BANDWIDTH NARROWER WIDER NARROWER WIDER 

FRONT-TO-BACK 
RATIO POORER BETTER 

IMPEDANCE 
AT CENTER 

DROPS 
RAPIDLY 

DROPS 
SLOWLY 

Fig. 65-17. Effects on antenna characteristics of varying the reflector spacing and length. 

Spacing between reflector and antenna elements is measured in fractions of a wavelength corresponding 
to that for which the antenna is cut, and at which it is resonant. The length of the antenna itself will be 
somewhat less than a half-wavelength at this frequency. The reflector may be placed anywhere from about 
0.10 wavelength to more than 0.25 wavelength back of the antenna. 

Spacing between reflector and antenna affects the gain, the bandwidth, the front-to-back ratio, and the 
minimum impedance of the antenna or the impedance at the gap where the transmission line is connected. 

Fig.e5-17showsin a very general way what happens to these characteristics when the reflector is moved 
closer to or farther from the antenna, and when the length of the reflector is altered. The chart relates to 
operation at or near the frequency for which the antenna is cut. Although a simple dipole and straight re-
flector are shown, the results of altering the spacing and reflector length would be much the same for other 
forms. You must keep in mind that effects listed on the chart are far from being independent of one another. 
When you change reflector spacing or length or both in an attempt to change one of the characteristics, all 
the others will be affected in greater or less degree at the same time. 
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Consider first the matter of gain. If the reflector is the same length as the antenna there will be maximum 
possible gain when the spacing is about 0.20 wavelength or a trifle more. Gain will drop quite rapidly as 
the reflector is moved closer to the antenna, and will drop less rapidly with greater spacings. But should 
you move the reflector closer to the antenna, and at the same time make the reflector longer than the antenna, 
there will be sorre certain length at which the gain becomes even greater than with the original 0.20 wave-
length spacing. 

If you move the reflector closer to the antenna in small steps, and at every change of spacing alter the 
reflector length until you obtain maximum gain at that spacing, the highest gain of all will be realized with 
a spacing of about 0.1t; wavelength, and with the reflector maybe five to ten per cent longer than the an-
tenna. Should you move the reflector farther than about 0.20 wavelength from the antenna, and at the same 
time make the reflector shorter than the antenna, the gain can be maintained at a value considerably higher 
than as though the reflector were not shortened. 

Bandwidth or frequency response of the antenna becomes narrower as the reflector is moved toward the 
antenna, and also, to a limited extent, as the reflector is made shorter. Bandwidth tends to become wider 
as the reflector is moved away from the antenna, or is made longer than for maximum gain. As always hap-
pens, gain will drop when bandwidth increases, and will rise as bandwidth is narrowed. 

Front-to-back ratio is affected chiefly by altering the reflector length.Length increase improves this ratio, 
but lessens the gain. A given alteration of length changes the front- to-back ratio much more than the gain, 
which allows obtaining a low back response without great loss of forward gain. 

Impedance at the center of the antenna, for the frequency of resonance, is a highly important character-
istic. When this impedance is the same as that of the transmission line and of the receiver input circuits 
there is maximum energy transfer from antenna to receiver. When all three impedances are not alike, and are 
not compensated by suitable matching devices, there is bound to be poor performance except where field 
strength is very high — and even then it is possible to have plenty of trouble from mismatched impedances 
between the line and receiver. We shall look into this matter of impedance matching a little later. 

A reflector element always drops the antenna center impedance below the value without a reflector. A re-
flector may drop the impedance of a simple half-wave dipole antenna from 72 to about 60 ohms. \loving the 
reflector closer to the antenna drops the center impedance rapidly. \loving the reflector farther away drops 
the impedance more slowly. 

Reflector spacing and length in ready-made antennas are such as will give most satisfactory performance 
with conditions which are assumed to be average. Unusual conditions cause less than optimum performance 
unless adjustments are made. The prime requirement might be reduction of pickup from behind the antenna, 
which would make front-to-back ratio all-important. At points far from transmitters the chief desire would be 
for high gain, at the sacrifice of bandwidth and front-to-back ratio. Closer to the transmitters, where gain is 
not needed, you might make adjustments for maximum bandwidth. Only expert technicians are capable of al-
tering antenna adjustments to provide the most desired characteristics for customers living where conditions 
are not " average". 

STRAIGHT DIPOLE ANTENNAS. Although the characteristics of the simple half-wave dipole have been 
explained as some length, a summary may be in order. ll,hen used without a reflector the rather limited pick-
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up ability restricts this antenna to distances of something like five or six miles from transmitters. A re-
flector will extend the range to possibly eight or ten miles. These distance ranges assume that reception 
will be throughout either the low band or the high band, not both. At any greater distances the bandwidth 
narrows rapidly and, even with a reflector, the antenna becomes a single channel or two-channel type. 

The simple straight dipole without a reflector has theoretical center impedance of between 72 and 73 
ohms, and with a reflector about 60 ohms. Nearby objects of any material, and the details of antenna con-
struction, may make the actual impedance almost anything between 50 and 100 ohms at the resonant fre-
quency. 
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TRANSMISSION LINES 

No matter how effective an antenna may be in extracting signal power from passing carrier waves, this 
power is going to be of little use unless a good share of it is delivered to the tuner of the television 
receiver. As you may see from Fig. 66-1, signal power goes from the antenna to the tuner through a 
transmission line. The same signal current that is induced in the antenna moves in the transmission 
line and moves between the input connections of the tuner. 

The antenna and transmission line are two parts of the same electrical circuit, and cannot well be 
studied as separate elements. For this reason we shall leave our examination of antennas for a short 
time while learning something about transmission lines. Only then will we be fully prepared to discuss 
the many varieties of antennas and the transmission line connections which must be used with them to 
have maximum transfer of signal power from carrier waves to tuner circuits. 

Signal power is taken from a television antenna at the gap between opposite halves of the antenna. A 
conductor runs from each half to the tuner input circuit of the receiver. The two conductors, with neces-
sary insulation and supports, form the transmission line. Because signal power taken from the carrier 
waves is so small, and because operating frequencies are so high, the design, construction, and in-

stallation of good transmission lines involves problems that don't exist in ordinary electric power lines, 
and that cause no serious difficulties even at standard broadcast frequencies. 

...\-)There are three principal requirements for a good transmission line. First, it must allow signal power 
to pass in greatest possible amount from the antenna into the line and then from the line into the receiver. 
This requires matching the impedances of antenna, line, and receiver input. Second, there must be the 

least possible waste of power in getting signal currents through the line itself. This is a problem of 
reducing line attenuation. Third, the line must pick up in itself the least possible amount of interference 
and noise. This requirement is met by using a balanced, or else a shielded line. 

The principle of a balanced transmission line is illustrated at 1 in Fig. 66-2. Note that the receiver 
input circuit is center-tapped, with the tap connected to ground. While current during any one portion of 
a signal cycle is moving one direction in one line conductor it is moving the opposite direction in the 
other line conductor, but in both halves of the tuner input this current moves in only one direction. 

What happens with interference pickup is shown by diagram 2. Since the two conductors of the trans-

mission line are close together, the interference fields induce equal emf's in both. Interference emf's 
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TUNER 
CIRCUITS 

TRANSMISSION LINE 

Fig. 66-1. The parts of an antenna circuit. 

then act downward, or upward, at the same time in both conductors. These emf's oppose and balance in 
the two halves of the receiver input, or are dissipated to ground from the center tap. 

'I'he principle of an unbalanced shielded transmission line is illustrated by diagram 3 of Fig. 66-2. The 

transmission line here consists of a single central conductor surrounded by insulation. Around the outside 
of the insulation is braided copper which acts as the second conductor. At any one instant signal current 
from the antenna moves opposite directions in the central conductor and the braided conductor, but flows 
the same direction in the tuner input. The tuner input circuit is completed through ground to the braided 
conductor of the line. 

Vb hen interference fields are present, as in diagram 4 they cannot reach the inner conductor because 
the outer braided conductor is acting as a grounded metallic shield. Interference currents induced to the 
braided shield pass to ground and do not affect reception. 

l'he type of transmission line illustrated by diagrams 1 and 2 of Fig. 66-2 is called unshielded twin-
conductor. 'I'he type shown by diagrams 3 and 4 is called coaxial line or coaxial cable, because the 
axes of both conductors lie together. Diagram 5 illustrates the principle of a shielded twin-conductor 
transmission line or a balanced and shielded line. The antenna is connected to the tuner input through 
two conductors, both insulated from, but wholly enclosed within a braided copper shield that is grounded. 
Signal current from the antenna flows in the same manner as at 1. Interference fields cannot pass through 
the shield, and their energy is carried to ground. 
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Fig. 66-2. Connections of balanced and unbalanced transmission lines. 

INTERFERENCE 

Two kinds of unshielded twin-conductor transmission lines are illustrated at the top in Fig. 66-3, and 

down below are two kinds of coaxial cables. The ends of the conductors have been bared to show the 
construction. The twin conductors are stranded copper wires, each surrounded by a thin covering of 
low-loss polyethylene insulation, and with a thin web of this insulation between the conductors to main-
tain spacing and provide support. The coaxial line consists of a center conductor of either solid or 
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Fig. 66-3. Unshielded twin-conductor transmission lines (above) an'd coaxial cables (below). 

stranded copper wire which is surrounded by polyethylene insulation. Over this insulation is the cyl-
indrical copper braid, and on the outside of the braid is a covering of tough, waterproof vinyl plastic 

IMPEDANCE OF TRANSMISSION LINES. The first step toward understanding the behavior of trans-
mission lines is a study of their highly important property called characteristic impedance. This im-
pedance, like all others, is opposition to flow of alternating current, which in the present case is signal 
current. Impedance differs from ohmic resistance in that the opposition called impedance is due largely 
to inductive and capacitive reactances, as well as to ohmic resistance. Reactances vary with frequency. 
Therefore, ordinary impedances vary with frequency. Ohmic resistance, which accounts for part of ordi-
nary impedances, varies with length of conductors. Therefore, ordinary impedances vary with conductor 

length. 

ti) In transmission lines there are inductance and capacitance, and we may use longer or shorter lengths. 
\ et the characteristic impedance of a transmission line does not vary with change of signal frequency, 
nor does it vary with length of line. 

The paralleled conductors of a transmission lineessess inductance, which may be measured in micro-
henrys or any similar unit. In a line of uniform structure along its whole length the inductance increases 
and decreases directly with increase and decrease of conductor length. We may say that there is some 
certain amount of inductance per foot of line, or per inch or any other unit of length. 
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The two conductors of the transmission line act like the two plates of a capacitor, with air or other 
insulation between them for the dielectric. Then the line must possess some certain amount of capacit-
ance. If we double the length of line we have twice the capacitor plate area with the same kind and 
tbickness of dielectric, so must have doubled the capacitance. Halving the length of line must halve the 
capacitance. Then it must be true that the line has some definite amount of capacitance per foot or 
other unit of length. 

Let's consider one foot of transmission line. The inductance and capacitonce in this unit length of 
line are represented by symbols for coils and a capacitor between points a and b of Fig. 66-4. In a 

transmission line made with any given size of conductors spaced a certain distance apart and separated 
by some particular kind of insulation or dielectric material, the characteristic impedance is proportional 
to the square root of the quotient of dividing henrys of inductance by farads of capacitance. We may 
substitute microhenrys of inductance, if we substitute microfarads of capacitance. Then we have, 

inductance 
Approximate impedance in ohms capacitance 

Supposing that the inductance per foot of a certain transmission line is 0.54 microhenry, and that the 
capacitance per foot is 0.000006 microfarad. Dividing 0.5 (or 0.540000) by 0.000006 gives 90,000. The 
square root of 90,000 is 300, which is the approximate impedance of the foot of line, in ohms. 

Now we shall add another foot of exactly the same kind of line, as from b to c in Fig. 66-4. This 
doubles the inductance, which becomes 1.08 microhenrys. The capacitance also is doubled, and becomes 
0.000012 microfarad. Dividing this increased inductance by the increased capacitance gives 90,000. 
The square root of 90,000 is 300, just as before. So we haven't altered the characteristic impedance by 

adding more line. 

No matter how much the line may be lengthened, and no matter how much it may be shortened, the 

characteristic impedance will remain unchanged so long as the line remains of the same dimensions and 

A 

to Or   WU -

; ! 
I t, - . --- - - - 

Fig. 66-4. Inductances and capacitances per unit lengths of transmission line. 
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Fig. 66-5. How characteristic impedance is altered by varying the diameter and spacing of transmission 
line conductors. 

materials. We might continue adding length, as from c to d or might remove any portion of any total 
length, and always would have 300 ohms of characteristic impedance so long as there is no change of 
conductor diameter or spacing and no change in the kind of dielectric. 

When computing the characteristic impedance of the transmission line we gave no consideration to 
frequency. No term for frequency appears in the formula for characteristic impedance, and values derived 
from the formula could not be altered by differences of frequency. Therefore, we must conclude that 
characteristic impedance is not altered by any variations of frequency, it remains the same at all fre-
quencies. 

The characteristic impedance of a transmission line depends on the relations between inductance and 
capacitance in any unit length of line. The unit length may be any number of feet, inches, or fractions. 
As shown in Fig. 66-5, line impedance (Z) is reduced by less inductance and is increased by more in-
ductance. As at 1 the inductance (L) is reduced by using larger conductors and is increased by smaller 
conductors when center-to- center spacing remains unchanged. As at 2 the inductance is reduced by 
bringing the two conductors closer together and is increased by moving them farther apart when con-
ductor diameter is unchanged. 

Characteristic impedance is reduced by more capacitance and is increased by less capacitance. At 3 
in Fig. 66-5, capacitance is increased by using larger conductors and is decreased by using smaller 

conductors when center to center spacing between conductors remains unchanged. At 4 the capacitance 
is increased by moving the conductors closer together and is decreased by moving them farther apart 
when conductor diameter is unchanged. 

Diagrams 1 and 3 are the same, as also are 2 and 4. Each is repeated to more clearly illustrate the 
the effects of conductor size and spacing on inductance, capacitance, and characteristic impedance. 
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Fig. 66-6 shows some relations between characteristic impedance, conductor diameter, and conductor 
spacing when the dielectric is air, or when the two conductors are supported with the least possible 
solid dielectric within their fields. Note that increasing the spacing between two number 8 wires (of 
about 1/8 inch diameter) from one-half inch to ten inches increases the characteristic impedance from 

about 250 ohms to more than 600 ohms. This graph shows that we may keep a constant center to center 
separation and increase the characteristic impedance by using smaller and smaller conductors. It is 
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Fig. 66-6. Relations between characteristic impedance, spacing, and diameters of conductors in air-
insulated transmission lines. 
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possible also to have the same impedance with larger and larger conductors if we keep increasing the 
spacing between them. Conductors of any diameter may be solid or may be of hollow tubing without 
affecting the values of characteristic impedance.* 
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Fig. 66-7. Attenuations in decibels per 100 feet of several kinds of transmission lines. 

* The graph of Fig. 66-6 is computed from this formula. 

2 x center to center spacing 
Characteristic Z, ohms . 276 log   

outside diameter 

This means 276 times the common logarithm of the ratio of twice the spacing to the diameter, with all 

dimensions in the same unit, usually inches. with a table of logarithms you can compute values for any 

dimensions. 
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(tJ 
You will find that transmission lines most often are of types having characteristic impedance of 300 

ohms. This is because the input impedance of television receivers is fairly well standardized at 300 
ohms, and by making the impedances of line and receiver equal, all the signal power brought to the re-
ceiver input by the line goes into the tuner to produce pictures and sound. 

It is true also that most receiving antennas are designed to have center impedances of 300 ohms or 
thereabouts, or are capable of working into a 300-ohm line. When impedances of antenna and line are 
equal there is maximum possible transfer of signal power from antenna to line. With maximum transfer, 
half the signal power picked up by the antenna from carrier waves goes into the transmission line. The 
other half is reradiated from the antenna. 

ATTENUATION OF TRANSMISSION LINES. When signal currents flow in the conductors of a trans-
mission line a very small part of the signal power is used to overcome conductor resistance. Much more 
power disappears in the various high-frequency losses which are discussed in other lessons. If insula-
tion between the conductors is other than air, as almost always is the case, the greater part of the line 
loss occurs in the insulation, considered as a dielectric. Regardless of how great or how small may be 
the line loss, it is strictly proportional to length of line. Doubling the length of line doubles this loss, 
while halving the length halves the loss. 

Signal power loss in the transmission line is called attenuation of the line. Attenuation usually is 
measured and specified as so many decibels of power per 100 feet of line. If the attenuation is 2 deci-
bels in 100 feet of line it is 1 decibel in 50 feet and is 4 decibels in 200 feet. Fig. 66-7 shows approx-
imate attequations in decibels per 100 feet for several kinds of transmission line. 

Curve A applies to a coaxial line having an outside diameter of about 0.4 inch, as illustrated at the 
bottom of Fig. 66-7. Curve B applies to the smaller coaxial line having an outside diameter of about 

0.25 inch. Both these lines have characteristic impedance of 73 to 75 ohms. Curves 1 2 and 3 apply 
respectively to unshielded twin-conductor lines of 300-ohm, 150-ohm, and 75-ohm impedance. Whatever 
the kind of line and whatever its impedance, the attenuation always increases as operating frequency 
becomes higher. 

Fig. 66-8 allows conversion of attenuations in decibels into equivalent percentages of original power 
which has been lost or of percentages of the original power which remain. You may determine the per-
centage of loss by using the left-hand vertical scale with the bottom scale of decibels. As an example, 
with attenuation of 4 decibels the loss is 60 per cent of the original power. For power percentages 
remaining you should read the right-hand vertical scale. With attenuation of 4 decibels the remaining 
power is 40 per cent of the original power. 

It is much easier to determine the total effect of several losses by using decibels than percentages. 
Several separate and successive attenuations in decibels are simply added together to fin,d the total loss 

in decibels. Percentages must be multiplied together to find the total. This is illustrated by the follow-
example. 

Assume that there is a loss of 37 per cent or 0.37 of the original power. This leaves 63 per cent or 
0.63 of the original power. Now supposing there is a second loss of 37 per cent in the same circuit. 
This second loss will not be of so many watts as the first one, f:-)- in the second case we take off only 
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37 per cent of the 63 per cent that remained after the first loss. Now 37 per cent of 63 per cent, or 0.37 
times 0.63, is 23 per cent or is 0.23. Subtracting 0.23 from 0.63 leaves 0.40 or 40 per cent of the original 

power after the two losses or attenuations. 

An attenuation of 37 per cent is a loss of 2 decibels, from Fig. 66-8. If there is a following loss of 
another 2 decibels we may find the total loss in decibels by adding 2 to 2 for a total of 4 decibels. The 
graph shows that a loss of 4 decibels leaves 40 per cent of the original power, as was determined by 

the longer process of multiplying and subtracting percentages or decimal fractions. 
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NEED FOR IMPEDANCE MATCHING. There will be less than maximum possible transfer of signal 
power from antenna to transmission line when the impedances of these two parts are not alike. Also, 
there will be less than maximum possible power transfer from line to receiver when impedances of line 
and receiver are unequal. The reason is illustrated in a general way by Fig. 66-9 and explained as 
follows. 

Consider the antenna to be our source of power, like a battery, a generator, or any other source. Every 
power source produces within itself an emf. Emf in the antenna results from energy taken from passing 
carrier waves. Every power source has more or less internal resistance or impedance, which here is the 
impedance of the antenna. Our power source is connected to a load, which is the transmission line. 
All loads have some certain resistance or impedance, which here is the characteristic impedance of 
the transmission line. 

In diagram 1 we are assuming that carrier waves cause an emf of 18 volts in the antenna or source. 
This is an impossibly high emf, but it will avoid unwieldly decimal fractions and won't affect the princi-
ples involved. Impedances of antenna and line, or source and load, are matched. Both are 300 ohms. 
Total circuit impedance in source and load is 600 ohms. This is the impedance that opposes signal 
current in the source and the load. An emf of 18 volts acting in 600 ohms total impedance causes current 
of 0.03 ampere in the source and in the load. 

Power in watts is equal to current squared and multiplied by impedance. l‘orking this out for the 
source or antenna shows that this part of our circuit is consuming 0.27 watt of power. Since current and 
impedance in the load or the line are the same as in the source, the line must be taking 0.27 watt of 
power. Note, incidentally, that the line is taking exactly half the total power. The other half is used up 
in the antenna itself, in the impedance of the antenna or in causing reradiation of signal energy into 
surrounding space. 

In diagram 2 we have the same emf as before, since carrier field strength is supposed to remain con-
stant, but now we have a 600-ohm line or load connected to the 300-ohm source. Total circuit impedance 
is increased to 900 ohms. Emf of 18 volts in 900 ohms causes current of 0.02 ampere in both source and 
load. Power used in the source now is 0.12 watt, and in the load is 0.24 watt. This is less total power 
than in diagram 1 and although the load now takes more power than the source, the absolute value of 
power into the load or line is less than before. 

Now look at diagram 3. Impedance of the source or antenna has been increased to 400 ohms. Load or 
line impedance has been dropped to 200 ohms. Total impedance is 600 ohms, just as in diagram 1, and 
we have the original current of 0.03 ampere in source and load. Total power is the same as in diagram 1 
it is 0.54 watt. Power consumed in the source has gone up to 0.36 watt, while power put into the load or 
line has dropped to 0.18 watt - much less than in diagram 1. 

If we were to keep the impedance of the antenna or source at 400 ohms, and increase the impedance of 
the line or load to 400 ohms, the total power would be about 0.40 watt. half would be used in the a. tenna 

and half would go into the line. You never can get more than half the total power into a load, and you 
can get half into the load only when impedances of source and load are equal. 

The percentage of total available power put into a load from a source will decrease whenever the two 

impedances are unequal. This is true whether load impedance is greater or less than source impedance. 
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= 0.27 WATT 

300 
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Fig. 66-9. Why the impedances of antenna and line, and of line and receiver, must be equal to have 
maximum possible transfer of signal power. 

Because half of the total power taken from passing carrier waves is the maximum power that can be 
taken from the antenna into the transmission line we may as well consider this to be 100 per cent of the 
available signal power. Fig. 66-10 shows how power into the line is reduced by mismatch between im-

pedances of antenna and line. 

The bottom scale shows the ratio of the two impedances, or the ratio of mismatch, which is the number 

of times that either impedance exceeds the other impedance. It makes no difference whether the line 
impedance is greater or less than the antenna impedance, only their ratio counts in loss of available 
power. To read the percentage of available power transferred into the line we use the bottom scale and 
the left-hand vertical scale. To read the percentage of available power lost due to mismatched imped-

ances we use the bottom scale and the right-hand vertical scale. 
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As an example, assume that you connect a 300-ohm transmission line to an antenna whose center im-
pedance is 75 ohms. This is a mismatch of 4 to 1, because 300 is 4 times 75. The graph shows that this 
amount of mismatch drops the power transfer to 36 per cent. Were you to use a 150-ohm line with the 75-
ohm antenna the mismatch would be 2 to 1. Then about 88.5 per cent of available signal power would go 
into the line, and only 11.5 per cent would be lost. This is not a serious loss, but the loss with the 4 to 
1 mismatch can be serious. 

How much mismatch may exist while still having satisfactory reception depends largely on average 
signal field strength or carrier strength at the antenna location. Ordinarily, if you are within five to 
eight miles of transmitters the mismatch might be as great as 4 to 1 and still leave plenty of signal 
power for the line and receiver. At greater distances or wherever the field strength is low the mismatch 
should be little if any greater than 2 to 1. 

100 

90 

CI 
W 
cr 80 
ix 
uà 
u. 
vé 
Z 
< 
ix 
é-

a 70 
w 
a 
o 
a. 

e = 

i 6° 

P
E
R
 
C
E
N
T
 
O
F
 

sa 

40 

50 
2 3 4 5 6 

RATIO OF IMPEDANCES 

7 

( 

e 9 10 

Fig. 66-10. Loss of signal power due to mismatching of impedances. 

o 

10 

50 

3o I-
8 
_i 

a 
w 
a 
0 

40 R. 
IL 
o 

e-
z 
uà 
U 

50 a 
w 
Q. 

60 

70 

A 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 66— Page 14 

EFFECTS OF ANTENNA FREQUENCY RESPONSE. In talking about signal power loss that results 
from mismatch of antenna and line impedances we have assumed that there is no loss at any frequency 
so long as the two impedances are equal. It is perfectly true that there would be no loss due to mis-
matching if the impedances could remain equal. But they will not remain equal because antenna im-
pedance varies with received frequency. Although we may make a perfect impedance match at the fre-
quency for which the antenna is cut or is resonant, the match will not remain exact at other received 
frequencies. 

To illustrate what happens, assume that we are working with a simple half-wave dipole which is cut 
for a frequency of 69 mc, and whose impedance varies as shown by curve 1 of Fig. 66-11. At the center 
frequency of 69 mc the antenna impedance is approximately 72 ohms. At 50 mc and again at 90 mc the 
impedance becomes more than 300 ohms. We shall connect to this antenna a transmission line whose 

characteristic impedance is 72 ohms. The match is perfect at 69 m c, but becomes progressively worse 
as frequency goes higher or lower. 

You can figure out the mismatch ratio by dividing the constant line impedance of 72 ohms into the 
antenna impedance at any frequency. Then, from Fig. 66-10, you may determine the loss due to mis-
match at each frequency. Rhen the losses are plotted against frequency on a graph the curve will appear 
as at 2 in Fig. 66-11. This looks very good, for apparently the signal into the line will be more than 
72 per cent of maximum all the.way through channels 2, 3, 4, and 5, and will be 90 per cent or better for 
channels 3 and 4. 

In arriving at these small losses we are forgetting something of great importance; as the antenna im-
pedance goes up its signal pickup ability goes down. This drop in antenna response occurs regardless of 
impedance matching, and would occur even were no transmission line connected to the antenna. 

The reduction of signal pickup by the antenna causes a big reduction of signal power put into the 
transmission line. Curve 3 of Fig. 66-11 shows power put into a transmission line which is perfectly 
matched for all frequencies, with line impedance changed to match the varying antenna impedance at 
every frequency - something which would be exceedingly difficult to do in practice. Power is shown as 
percentages of that going into the line at 69 mc, the center frequency of the antenna. Now, even within 
the 6-me frequency range for a single channel, power to the line is down to about 87 per cent of minimum. 

Curve, 4 shows percentages of maximum signal power going into the transmission line at various fre-
quencies when the line impedance is not varied, when it matches the antenna impedance at the center 
frequency only. There is not much difference between curves 3 and 4 until we get so far from the reson-
ant frequency of the antenna that power into the line is too small to be of much use in any case. 

you make a fairly close impedance match between line and antenna at the center frequency of a 
narrow-band antenna, like the one being discussed, the decrease of signal power into the transmission 
line and receiver will be almost entirely the fault of the antenna pickup. If you start out With a poor 
impedance match, the peaks of all our power curves will drop proportionately to the mismatch loss, and 

reception will be poor in all channels. 

SIGNAL REFLECTIONS. If the receiver end of the transmission line were to be connected across a 

pure resistance of the same value in ohms as the line impedance, this resistance would act just like 
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Fig 66-11. How variations of antenna impedance which occur with change of frequency affect signal 
power going into the transmission line. 

additional length of the transmission line. Signal power put into the line from the antenna would pass 
into the pure resistance just as it would pass from one part of the transmission line to a following part 
of the line. All the power delivered by the line would be dissipated in the resistance. 

The transmission line does end in what amounts to a pure resistance if the input circuit of the tuner 
is made resonant at or near the middle frequency of each received channel, and if the frequency response 

of the tuner is practically flat throughout the range of frequencies for the one channel. Inductive and 
capacitive reactances of the input circuit then cancel out to leave only resistance. There is a good 
approximation of pure resistance when the input circuit consists chiefly of non-inductive resistors having 
suitable values and when there is not too much stray capacitance in wiring connections. 

Unfortunately, a receiver input circuit may contain excess inductance instead of being resonant or 
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purely resistive at received frequencies. You know that inductance itself does not absorb power. The 

power goes to build up a magnetic field, then the field collapses andretums its power to the line. On 
the other hand, the input circuit may contain excess capacitance. Part of the signal power from the 
line then builds up electrostatic fields in the dielectric as the capacitance is charged. Then the capac-
itance discharges and this part of the power is returned to the transmission line. 

Under such conditions there is what we call signal reflection from the receiver input back into the 
line. Signal reflection might be represented as in Fig. 66-12. Excess inductance or capacitance which 

causes signal reflection will possess inductive or capacitive reactance which varies with frequency. 
Changes of reactance will cause corresponding variations of receiver input impedance with change of 
frequency. This makes it impossible to maintain an impedance match between transmission line and 
receiver, and there is excessive reduction of signal power retained in the receiver. In effect, the re-
ceiver is refusing to accept signal power brought to it by the transmission line, and is throwing part of 
this power right back into the line. 

Reflections due to excess inductarice or capacitance occur at the receiver end of the transmission 
line, pot at the antenna end. The greater is the unbalanced inductive or capacitive reactance of the 
input circuit the less becomes the resistive portion of the impedance in comparison. This increases the 
proportion of power reflected, and decreases the proportion useful in the receiver. 

There will be reflection and reflection loss also at any intermediate point on the transmission line 
where there is a change of line inductance, capacitance, or resistance, and consequently a change of 
line impedance. This will happen at a poorly made joint, or where capacitance is altered by spreading 
the conductors farther apart or by squeezing them together, or where there is a change of insulating 
material and dielectric constant. 

If impedances are well matched between transmission line and receiver, and if the receiver input has no 
excess of inductive or capacitive reactance, the only effect of changing the length of transmission line 
is to change the amount of attenuation. Under such conditions a change of line length will not alter 
impedance matching nor will it cause reflections. We say that the line is flat, or is non-resonant, or is 
untuned. 

— — — — — — 

Fig. 66-12. Signal current and power may be reflected back into the transmission line by the receiver 

input circuit. 
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If the receiver input circuit is such as to cause reflection, the line length would have to be some exact 
multiple of a half-wavelength at the received frequency to prevent reflection losses at the receiver input. 

Since wavelength varies with every change of received frequency it would be nearly impossible to satisfy 
this requirement when more than one frequency is to be received. 

SELECTING A TRANSMISSION LINE. The type of transmission line to be used for a given installa-
tion depends on the factors represented by Fig. 66-13 and others. If possible, the line should have 
characteristic impedance closely matching the impedances of both antenna and receiver, although, as we 
shall see later, unequal impedances may be joined in such a way as to cause very little loss, by using 

simple matching transformers. 

In selecting a type of line it is necessary to consider also how much signal power may be wasted in 
attentuation and mismatch while still having acceptable reception. This depends on signal field strength 
at the point of reception, or on the distance between receiver and transmitters. If there is high field 
strength, much may be wasted and still leave enough for reception. 

If the transmission line must pass through an area where there are strong interference fields or likeli-
hood of noise pickup, we must use a type of line that does not readily pick up such effects. Finally, 
there is the matter of cost. Some types of transmission line cost up to ten times as much as others. 

Unshielded twin conductor line is regularly available with characteristic impedance of 75, 150, or 300 

ohms. Shielded twin-conductor line is most commonly used in the 300-ohm type. Coaxial line is regularly 
available with characteristic impedances of 52, 72, or 95 ohms. 

Twin-conductor line, shielded or unshielded, of 300-ohm impedance is used for receivers having 300-
ohm balanced input circuits, and where antenna center impedance is 300 ohms or of approximately this 
value. Twin-conductor or coaxial line of 75 or 72 ohms impedance is used with straight half-wave dipole 
antennas whose center impedance is 72 or 73 ohms. Most receivers are designed with 300-ohm balanced 
input. Some are designed with a 75-ohm unbalanced input circuit. Still others have separate input termi-
nals leading into either 75-ohm unbalanced or 300-ohm balanced circuits. Lines with impedances such 
as 52, 95, 100, 150, and 200 ohms ordinarily are used only for impedance matching transformers or for 

some experimental purpose. 

Possible noise pickup presents a serious problem in many places. This possibility exists where 
there is electrical machinery of any kind having sparking contacts, as found in d-c motors, sign flashers, 
and many other devices. Noise interference is prevalent in all factory and commercial buildings, in 
most apartment houses, and in tall buildings generally. The longer is the transmission line the greater 

is the chance that noise will be picked up. 

In theory, the balanced unshielded type of transmission line connected to a balanced receiver ihput 
allows cancellation of interference voltages, and this works out when interference fields are horizontally 
polarized. But most radio signals and also the fields of spark-type interference, are vertically polarized, 
which allows vertical sections of transmission line to act as fair antennas for the interference. 

A long unshielded transmission line is likely to pick up radio interference at all frequencies where 
signal field strength is high, and it is likely to pick up wave reflections that cause ghost images where 
there are strong reflections from nearby objects. 
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Fig. 66-13. Some of the things which influence the choice of kind af transmission line to be used. 
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In any of the cases just mentioned you should provide for adequate protection against unwanted pickup 
by the transmission line. Most often the protection is provided by using a coaxial line or else a shielded 
twin-conductor line. Reduction of interference may be had also with a type of unshielded transmission 
line having three side by side conductors. The two outside conductors are connected to carry the sig-
nals as with a twin-conductor line. The middle conductor is securely grounded to the receiver chassis, 
and tends to drain off interference voltages. 

Of course, you must remember that interference or noise picked up by the antenna cannot be removed 
by any kind of transmission line. Then the extra cost for a shielded line would be wasted. 

Shielded transmission line, with its practically weatherproof outer covering, may be required where 
there is excessive moisture in the atmosphere. This is especially true when an installation is near the 
ocean where salt deposits could damage the insulation of an unshielded line. 

with unshielded twin-conductor line having a thin web of plastic insulation between the conductors, 
part of the dielectric is the insulation and the remainder is air. Moisture which collects and remains on 
such a line will alter the capacitance and impedance, and may cause temporary mismatch. If there is a 
good match originally, moisture will cause relatively little trouble, but it makes a poor match worse. 
There is less trouble from moisture on the narrow 75-ohm and 150-ohm ribbon lines than on the wider 
300-ohm type, with which more of the dielectric is air. 

There are two possible objections to the use of shielded transmission line. In the coaxial lines of 
smaller diameter the cost per foot is two to three times that of unshielded flat ribbon line, and the at-
tenuation is greater than with unshielded twin-conductor of the same impedance. The larger diameter 
coaxial line has little if any greater attenuation than unshielded ribbon line, but it costs six to eight 
times as much per foot. however, if signals are weak and interference is strong, the high-cost shielded 
line may be the only way of obtaining good reception. 

Transmission line of the twisted or flat pair type with high-quality or "low-loss" rubber insulation 
sometimes is used for very short runs where low cost is important and signal field strength is high. The 
attenuation of such lines is about 7 decibels per 100 feet at 70 megacycles and about 20 decibels at 
195 megacycles. 
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Fig. 67-1 illustrates a type of antenna called a folded half-wave dipole or simply a folded dipole. It 
is shown at the left without a reflector and at the right with one. A reflector for a folded dipole most 
often is a single straight conductor, but sometimes is of the same form as the signal pickup element, 
another folded dipole. 

A folded dipole most often consists of a single continuous piece of tubing bent as shown, with the ends 
brought back toward the center where they are left separated and insulated from each other to take the 
transmission line connections. This type of antenna is mounted with its two sides in the same vertical 
plane, one above the other. Whether the gap is above or below the continuous side makes no difference 

electrically, it is a matter of convenience in mounting and in making transmission line connections. At 
the center of the continuous side of this antenna, or ata point opposite the gap, the signal voltage is zero, 
This point then may be grounded without affecting reception, and as a consequence the antenna may be 
supported by attaching this center point directly to the metal mast or a metal cross arm. 

Center to center separation between the top and bottom of the folded dipole usually is little if any great-
er than 2 inches in an element cut for high-band reception, and is between 21/2 and 3V2 inches in one cut for 
the low band. The overall length of a folded dipole antenna is made somewhat less than the overall length 
of a straight dipole which is resonant at the same frequency. This is because the end bends or connec-
tions between top and bottom add to the electrical length of the two sides. Suitable overall lengths for 
folded dipoles are shown by Fig. 67-2. This graph is used in the same manner as the earlier one apply-
ing to straight half-wave dipoles. 

The directional pattern of the folded half-wave dipole is like that of the straight half-wave dipole, and 
addition of a reflector alters the pattern in a similar way. Signal pickup ability is somewhat greater than 
that of a straight dipole, because the folded type intercepts a little more of the wave front. 

An advantage of the folded dipole over the straight type is broader frequency response or greater band-
width. Under conditions of signal strength with which a simple straight dipole would provide satisfactory 
reception in two adjacent channels, but not in three, a folded dipole ordinarily would be satisfactory 
throughout the entire low band or the entire high band. The broader frequency response is due to fairly 
constant impedance over a considerable range of frequencies. 

Another advantage of the folded dipole is that its center impedance or minimum impedance at resonance 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 67— Page 2 

T RANSMISSION 
L I NE 

CONNECTION 

MAST 

CONT INUOUS 
CONDUCTOR 

OP EN ENDS 

Fig. 67-1. Folded dipole antennas. 
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is approximately 300 ohms rather than the 72 to 73 ohms of the straight dipole. This is an advantage 
because the input impedance of he majority of receivers is 300 ohms, and there is good match by using 

a 300-ohm transmission line between the folded dipole and receiver. 

OA third advantage of the folded dipole is the possibility of increasing its center impedance to prac-
tically any value in excess of 300 ohms by changing the relative diameters of the two sides or by adding 
one or more additional conduct rs between the outer ends. This is an advantage because the addition of 
a reflector and of other "parasitic' elements to be described later causes a very considerable drop of 

impedance. Then, by alterin the design of the folded element, its own impedance may be increased so 
that in combination with one or more parasitic elements the combined impedance may be made to match 

that of standard transmissio lines and receivers. 

Although the folded dipole antenna usually consists of only two parallel conductors of equal diameter, 

as in Fig 67-1, it may be mad with three or more conductors. A folded dipole element consisting of 
three conductors held together at their outer ends by metal clamps is shown at the left in Fig. 67-3. 

Instead of clamps, the end sup orts might be long screws with spacer sleeves between adjacent con-

ductors, or of any other form which provides electrically conductive end connectons. The divided con-

ductor may be in the center. 

The center impedance of a folded dipole is equal to 72 ohms multiplied by the square of the number of 
conductors. With the usual two conductors we multiply 72 by 4 (the square of 2) to find that the imped-
ance is 288 ohms, or approximately 300 ohms. If there are three conductors we multiply 72 by the square 
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Fig. 67-2. Lengths of folded dipole antennas for resonance at various frequencies. 

of 3, or 9, to find that the center impedance is 648 ohms, or approximately 600 ohms. This formula for 
impedance holds true when all the conductors are of the same diameter. 

At the right in Fig 67-3 is illustrated one method of constructing a folded dipole with two conductors 
of different diameters. The outer ends are electrically connected together by screws passing through 
spacer sleeves. Connections for the transmission line are provided at the gap between inner ends of the 
smaller conductor. These inner ends are shown supported from the larger conductor by pieces of insul-

ation. 
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Fig. 67-3. A three-conductor folded dipole (left) and one with conductors of different diameters (right). 

0 
1 " DIAM. 

3" 500 OHMS 

o_  1 /2" DIAM. __) 

() 

I) 

1/2" DIAM. 

430 OHMS 

1/4" DIAM. 

) 

S 

2" 

® 
- 

650 OHMS 

3/4" DIAM. 

720 OHMS 

1/4" DIAM. 

1 " 

© 

1000 OHMS 

1" DIAM. 

y,__  

1150 OHMS 

n______ _ _ ) 
1/4" DIAM. 

Fig. 67-4. flow center impedance is varied by using different spacings and diameters for the sides of 
folded dipoles. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.67 — Page 5 

Fig. 67-4 shows a few examples of what may be accomplished by changing the relative diameters and 
the center-to-center spacing of two conductors in a folded dipole. At 1 the continuous conductor is 1 
inch in outside diameter, the conductor containing the gap is 1/2 inch in outside diameter, and center-
to-center separation is 3 inches. The center impedance becomes approximately 500 ohms. At 2 the 
separation between the same two conductors is reduced to 2 inches, and impedance goes up to about 
650 ohms. At 3 the separation is still further reduced to 1% inches, and the center impedance becomes 

1,000 ohms. 

The diagrams in the lower part of the figure show results of maintaining a constant center-to-center 
separation, here 2 inches, and of varying the outside diameter of the continuous conductor while the 
conductor containing the gap remains of 1/4 inch diameter. The greater the difference between diameters 

the higher becomes the center impedance. 

Still another way of increasing the center impedance of a folded dipole is shown by Fig. 67-5. To the 
continuous conductor of each folded element is clamped or bolted a straight conductor of the same diam-
eter, and of a length that would be suitable for a straight dipole cut for the same resonant frequency as 

the folded element. 

This increases the center impedance of each folded dipole from approximately 300 ohms to 600 ohms. 

Fig. 67-5. Taco stacked folded dipole with 600-ohm elements. 
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In this particular design the two folded dipoles, each with 600-ohm center impedance, are connected 
together by vertical wires or rods which themselves are of such diameter and spacing as to have 600 
ohms impedance for matching the dipoles. At the midpoint along the vertical connections we have two 
660-ohm impedances in parallel for a parallel impedance of 300 ohms. This provides a match for a 300-

ohm transmission line connected at this point. 

IIIG11-LOW ANTENNAS. A single folded or straight dipole antenna is suitable for reception from any 
number of transmitters in either the high band or low band provided all the transmitters are located in the 
same general direction from the receiver or are located within such an angle on the directional pattern 
that all carriers are picked up with necessary signal strength. 

If low-band and high-band transmitters are in decidedly different directions we may use a so-called 
high-low combination of two antennas such as illustrated by Fig. 67-6. A folded dipole and reflector cut 

for the high band are mounted on the same mast with another pair cut for the low band. 1 he fittings 
allow each antenna to be turned or oriented independently of the other, so that each may best receive 
from transmitters in its own band. 

The two antennas may be of any types. Both may be folded dipoles, or both may be straight dipoles, 
or both may be of any other one type. The high-band antenna may be of one style and the low-band unit 

Fig. 67-6. A high-low antenna with folded dipoles. 
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of a different style. The high-band antenna may be either above or below the one for the low band. 
Either or both of the antennas may have reflectors or other parasitic elements. 

0 The ideal way of using two antennas, one cut for each band, is to run a separate transmission line 
from each antenna to a changeover switch located at the receiver. Such a switch is built into the tuners 
of some receivers, so that there is automat c change of antennas in going from channel 6 to channel 7 or 
vice versa. For connecting the two antennas to a changeover switch there is a special type of four-
conductor flat ribbon transmission line. Two conductors are connected to one antenna and the remaining 
two to the other antenna. 

More often- the high-band and low-band antennas are connected through a single two-conductor trans-
mission line to the tuner input terminals of the receiver. In this case there arises a special problem, 
because the low-band antenna has some pickup for signals in the high band, and its connections can 
take away signal power picked up by the high-band antenna. This may be prevented by using suitable 
"phasing" connections at the antennas, between the antennas and the transmission line, and by using 
suitable vertical spacing between the two antennas. Instructions for correct installation are furnished 
with manufactured high-low antennas. 

Fig. 67-7 shows some phasing connections wh'ch may be made with pieces of 300-ohm unsh elded 
transnission line when both antennas are folded dipoles. At 1 the transmission line going to the re-
ceiver is connected to the high-band antenna. From the high-band to the low-band antenna is connected 
an additional piece of transmission line approximately six feet long, the correct length being that which 
allows best reception as determined by trial. 

Because the two antennas usually are mounted with vertical center-to-center separation of about 30 
inches there will be some slack in the line between them. The slack is taken up by supporting this 
line from the mast or a cross arm by me ns of one or more standoff insulators. 

To the center terminals of the low-band antenna are connected also the two conductors at one end of 
still another piece of transmission line about 121/2 inches long. At the free end of this short "stub' its 
two conductors are left open, not connected together or to anything else. Inductance and capacitance of 
the stub act like a se ies resonant circuit tuned to the center of the high-band frequency range. This 
practically short circuits whatever power at these frequencies is picked up by the low-band antenna. 
Otherwise th's signal power could go to the transmission line in an out- of-phase relationship with power 
picked up by the high-band antenna. 

In diagram 2 we have vertical center-to-center separation of 30 inches. A 121/2-inch piece of transmis-
sion line is connected to the terminals of the high-band antenna. The regular transnyssion line which 
runs to the receiver is connected to the low-band antenna, and to this antenna is connected also an open 
stub as previously described. Now the free end of the short piece of line connected to the high-band 
antenna is temporarily connected at various places along the regula; transmission line for the receiver, 
starting about 45 inches from the connection to the low-band antenna and working toward this antenna 
until best reception is obtained in high-band channels. The temporary connection may be made with 
needle points attached to the conductors of the short piece of line and pierced through the insulation on 
the regular transmission line. A permanent soldered connection is made when the best position is located. 
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Sometimes it is easier to get the connections correctly phased by connecting the receiver transmission 
line to the terminals of the high-band antenna to begin with. Then a piece of line about 38 or 39 inches 
long is connected to the low-band antenna. 'I'he free end of this piece is temporarily connected at places 
somewhat more and less than 12 inches from the high-band antenna, along the transmission line con-

nected to this antenna. 

Mien the total length of phasing connection between center terminals of the two antennas is much 
greater than the vertical separation between antennas, as in diagrams 3 and 4 of Fig. 67-7, you can take 
up the slack by bringing the connecting line to the upper cross arm and holding it there with a standoff 
insulator. Th;s also provides support for the end of the transmission line that goes to the receiver. 

If both antennas are straight dipoles, with 72 to 73 ohms center impedance, use 75-ohm unshielded 
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transmission line for all connections and runs. Then make the open stub on the low band antenna about 
10% inches long, and use this length also for the short connection on the high-band antenna in diagram 2. 
Separation between the two antennas remains 30 inches. 

Should you have trouble in making correct phasing connections, leave these connections off both 
antennas while running the receiver transmission line first to the high-band unit and then to the low-band 
unit. Then check reception from stations in both bands. If reception is good in both cases, the original 
fault is in your phasing connections. If reception still is poor, the trouble is not in the phasing con-
nections, but still could be in the antenna connections or in the orientation of the antennas. 

DIRECTOR ELEMENTS. The term "parasitic element" has been used quite often while talking about 
antennas. Earlier we learned about the most commonly used parasitic element, a reflector, and now we 
shall learn about the other kind, which is called a director. As shown by Fig. 67-8, a director is mounted 
in front of the antenna, between the antenna and transmitters from which reception is desired, while a 

reflector is mounted behind the antenna. A director most often is a straight piece of tubing, although it 
may have the form of a folded dipole when the antenna itself is of this type. 

ANTENNA DIRECTOR 

WAVE 
DIRECTION 

R EFLECTOR 

Fig. 67-8. Positions of a director and a reflector in relation to wave travel. 
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The director depends for its action on reradiation, as does also the reflector. '[he director is spaced 
at such a distance in front of the antenna that fields reradiated from the director to the antenna induce 
antenna emf's which are in phase with those produced by carrier waves arriving from the front. When 
this spacing is used, carrier waves coming from the rear of the antenna cause director reradiation in such 
phase as opposes antenna emf's which are due to these waves arriving from the rear. Spacing between 
director and antenna is measured in fractions of a wavelength corresponding to the frequency for which 

the antenna is cut. 

A director ordinarily is closer to the antenna than is a reflector. It is the difference between spacings 
of director and reflector, and their lengths in relation to that of the antenna, which cause each of these 
parasitic elements to perform its desired functions. That is, whether a parasitic element acts as a 
director or a reflector depends on its spacing from the antenna and on its length. Directors and reflectors 
both act to increase signal power taken by the antenna from carrier waves coming from one direction, and 

both these elements decrease pickup from the opposite direction. 

It is entirely possible to use a director without a reflector on the same antenna. But were only one 
parasitic element to be employed, ordinarily there would be greater advantage in using it as a reflector 
rather than a director. Consequently we find directors commonly used only where there is also a reflector 

on the same antenna. 

Varying the spacing between a director and its antenna affects all the characteristics of the antenna; 
gain, bandwidth, directional pattern, front-to-back ratio, and characteristic impedance. Every change of 

spacing alters all these things to a greater or less extent. 

A director causes maximum possible gain when this element is the same length as the antenna element 
and is spaced approximately 0.10 wavelength in front of the antenna. Gain decreases with either more 
or less spacing. The amount by which gain is decreased may be lessened if the length of the director is 
altered to suit each change of spacing. Fig. 67-9 illustrates some variations of element spacing and the 
general manner in which lengths of a director and a reflector are altered in order to have the best gain 

with each spacing. 

When a director is more than 0.10 wavelength in front of the antenna the director must be made some-
what shorter than the antenna to have the best gain attainable with such spacing, but this gain will be 
less than with 0.10 wavelength spacing and equal element lengths. If the director is less than 0.10 
wavelength in front of the antenna the director must be somewhat longer than the antenna to attain the 
best gain for this spacing, but again the gain will be less than with 0.10 wavelength spacing and equal 

lengths. 

What we really are doing by changing the length of a director, or of a reflector, is to alter the resonant 
frequency of the parasitic element. With equal lengths the antenna and the parasitic element are resonant 
at the same frequency. Shortening the parasitic element reduces its inductance and raises its resonant 
frequency. Less inductance leaves relatively more capacitance. Then induced current and the resulting 
reradiation field lead the induced emf in the parasitic element, and the effect reaches the antenna in less 

time. 

Lengthening the parasitic element increases its inductance and lowers its resonant frequency. 'I'he 
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Fig. 67-9. flow lengths of director and reflector are altered to suit their spacings when maximum gain is 

desired. 

induced current and the reradiation field then lag the signal eml induced in the parasitic element, and 

the effect takes longer to reach the antenna. From Fig. 67-9 you may see that reradiation effects are 
speeded up by shortening the parasitic element when it is spaced farther from the antenna, and the 
effects are slowed down by lengthening this element when it is moved closer to the antenna. Obviously, 
the reradiation fields must be advanced or retarded with greater or less spacing if their phase is to 

remain unchanged in relation to that of current in the antenna. 

The combined effect of a director and a reflector is to raise the antenna gain by four or five decibels 
or even more when spacings and element lengths are suitably adjusted. As you should expect, the in-
crease of gain due to the director is accompanied by a narrowing of the frequency response or by less 

bandwidth. When a director and reflector are adjusted for high gain the bandwidth will effectively cover 
only one channel. Even were the response to remain fairly high throughout the range for two adjacent 
channels this would do us no good, because adjacent channels never are used by transmitters serving 

the same locality. 

A director narrows the directional pattern of the antenna even more than does a reflector. Oftentimes 
this is the principal reason for using a director. As an example, at the left in Fig. 67-10 a wave reflec-
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Fig. 67-10. how a director helps to exclude reflected waves and ghost signals. 

Lion comes to the receiving antenna from almost the same direction as the direct wave. A director can 
produce a directional pattern so narrow as to practically exclude the wave that would cause ghost images. 

Undesired radio waves of any kind may be similarly excluded. 

A director is capable of causing a great increase of front-to-back ratio, and may be highly effective in 
reducing or eliminating pickup from carrier waves reflected toward the back of the antenna. This is 

illustrated at the right in Fig. 67-10. 

Front to back ratio is increased by moving the director closer to the antenna. With spacing of about 
0.10 wavelength, for maximum gain, the front-to-back ratio may be on the order of 10 to 1. With lesser 
spacing this ratio becomes rapidly greater, but gain goes down just about as fast. With a spacing of 
0.05 wavelength the front-to-back ratio may double, but gain will be down to about two-thirds of maximum 

even with director length such as gives best gain for this spacing. 

As spacing between director and antenna is made greater than 0.10 wavelength there is decrease of 
both gain and front-to-back ratio. With spacing as great as 0.20 to 0.25 wavelength the gain is down to 
about two-thirds of maximum and front-to-back ratio drops to about 5 to 1, so far as it is affected by the 
director. Whether a director is spaced for beet gain or greater front-to-back ratio depends on which of 

these is more to be desired for a particular installation. 

The addition of a director reduces the center impedance of the antenna below the impedance of the 

antenna alone or of the antenna with a reflector. The closer the director is placed to the antenna the 
greater is the reduction of antenna impedance. If the antenna is of the folded dipole type its center 
impedance may be raised to compensate for the drop due to a director, a reflector, or both, and there can 

be a good match for a 300-ohm transmission line. Otherwise it is possible to use transmission line of 
lower impedance or to use a matching transformer. 
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THREE-ELEMENT ANTENNAS. The combination of a straight or folded dipole antenna with a 
straight reflector and a straight director usually is called a three-element antenna or a three-element 
array. Such an array ordinarily is used for reception in only one channel in localities where signal field 
strength is low and high gain is essential. 

Fig. 67-11 illustrates an array consisting of a folded dipole for the high-band antenna, another folded 
dipole for the low-band antenna, and a straight reflector for low-band frequencies. The three elements 
are so positioned in relation to one another that the low-band folded dipole acts also as a reflector for 
the small high-band antenna in front of it. This combination, often called an " in-line" antenna, is 
suitable where all transmitters from which reception is desired are in approximately the same direction 
from the receiver. 

The relative spacings and lengths of elements for the in-line antenna are such as to maintain nearly 
constant impedance of 300 ohms throughout both the low band and high band frequencies, and to provide 
bandwidth great enough for reception in all the very-high frequency channels. This advantage in band-
width over a three-element antenna is accompanied by a sacrifice in gain, which is two to three decibels 
or which averages about two decibels for all channels. 

C)  YACÍ ANTENNAS. By using either two or three directors and one reflector with a straight or folded 
dipole antenna element we have what usually is called a yagi array. With two directors, one reflector, 
and an antenna element the combination is a four-element yagi. With one more director it is a five-element 
yagi array. A five-element array is illustrated by Fig. 67-12. 

LOW—BAND 
ANTENNA 

LOW-BAND 
REFLECTOR 

HIGH-BAND 
ANTENNA 

Fig. 67-11. A three-element in-line antenna. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 67— Page 14 

REFLECTOR 

3RD DIRECTOR 

2ND DIREC—OR 

1ST DIRECTOR 

FOLDED DIPOLE 
ELEMENT 

Fig. 67-12. Five-element yagi antenna. 

The yagi is strictly a single-channel antenna. A separate array cut to correct length is required for 
each channel to be received. This type of antenna affords high gain, usually about 10 decibels more 
than a simple straight dipole, and at the same time provides a high front-to-back ratio. The directional 
pattern is sharp, with a reception angle of something like 20 degrees within which signal power remains 
at half or more of the maximum value secured in a straight forward direction. 

Phasing of currents in the parasitic elements, and of fields reradiated from these elements to the 
antenna element, depend on relative element spacings and lengths. In addition to the inductive coupling 
between antenna and directors there is some coupling and reradiation between the directors themselves. 

There are so many variable factors that design of a vagi to best suit an individual application usually 
is arrived at by cut and try methods. Manufactured antennas of this type are carefully engineered for 
best performance under average conditions where signal field strength is low. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 67— Page 15 

Spacings and relative lengths of elements which may be used for a four-element yagi array are shown 

at 1 in Fig. 67-13. Vi'avelength spacings are converted to inch measurements by dividing 11,810 by the 
frequency in megacycles for which the antenna element is cut, then multiplying by the fractional wave-

lengths shown. Spacings and relative element lengths for two different five-element yagi arrays are 
shown at 2 and 3. 

%hen a yagi array is designed for maximum possible gain the frequency response tends to be very 
narrow. This response or bandwidth is broadened by using a folded dipole as the antenna element. 

Bandwidth may be increased somewhat more by using dimensions such as shown by diagram 3 where 
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Fig. 67-13. Spacings and lengths of parasitic elements for typical yagi antennas. 
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Fig. 67-14. All high-band frequencies are third harmonics of low-band frequencies. 

there is increased spacing between elements while at the same time the reflector is made slightly longer 
and the directors slightly longer than lengths required for maximum gain. 

The added parasitic elements tend to make the center impedance of a yagi array too low for matching 
commonly available transmission lines. This effect is compensated for by making the folded dipole 
element of large and small tubing, as shown in Fig. 67-12, and by suitably adjusting the spacing between 
these pieces of tubing. In this manner the center impedance may be brought up to a good match for 

150-ohm or 300-ohm transmission lines. 

HARMONIC OPERATION OF ANTENNAS. The shortest antenna which is resonant at any given fre-
quency is one cut to a half-wavelength corresponding to that frequency. If you make an antenna any 
shorter it still may pick up signals at the frequency considered, but signal power will be relatively weak 
because the antenna is out of tune, it is no longer resonant. 

When you cut an antenna to a half-wavelength at a certain frequency the antenna behaves as a series 
resonant circuit with low impedance as seen by the transmission line. If you increase the frequency of 
carrier waves reaching this antenna its impedance goes up. At double the original frequency, or at the 
second harmonic frequency, there is maximum impedance of several thousand ohms. The antenna then is 
acting as a parallel resonant circuit. It becomes practically useless for signal pickup. 

7 
Making the applied frequency still higher causes the impedance to drop from its maximum value, and 

at three times the original frequency the impedance again becomes minimun and there is good signal 

pickup ability. This "three times" frequency is the third harmonic of the first one. It is an odd harmonic. 
By experimenting with carrier frequencies you would discover that the antenna will have useful pickup 

at still higher odd harmonics of the original or fundamental frequency for which the antenna is cut. 

If you multiply by three the frequencies used for the low-band television channels, to determine their 
third harmonics, and then compare these harmonics with frequencies in the high band you will see that 
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every high-band frequency is a third harmonic of some frequency in the low band. Such a comparison is 

shown by Fig. 67-14. According to this, an antenna whose bandwidth is sufficient for the low band 

should respond also to all the high-band frequencies. In a few exceptional cases this actually is pos-
sible. It is possible if the high-band transmitters happen to be in a direction just about 50 angular 
degrees removed from the direction of low-band transmitters. 

That last statement should be a clue to the fact that the directional pattern of an antenna working at a 
third harmonic high-band frequency is different from the pattern at the low-band fundamental frequencies. 
If a directional pattern appears as at the left in Fig. 67-15 for reception at the fundamental frequency for 
which the antenna is cut, then the pattern for the third harmonic frequency will appear about as shown at 
the right. 

Instead of two wide lobes extending out at right angles to the axis of the antenna we have for the 
third harmonic frequency four major lobes and two minor ones. The insignificant minor lobes are at 
right angles to the antenna axis, but the major lobes are at an angle of about 40 degrees to this axis. 

Directions from which carrier waves must come for best reception are shown by arrows on the patterns. 
If low-band stations are in directions at right angles to the antenna axis, and high-band stations are in 

directions about 50 degrees to either side, we may have reception in both bands with the one antenna. 

There is some slight change of directional pattern between lowest and highest frequencies in each 
television band, but the change is too little to affect reception. By adding a reflector we may greatly 
reduce the lobe or lobes on one side of the antenna while strengthening those on the opposite side, but 
this will not materially alter the directions for best reception. 

CONICAL ANTENNAS. To have the harmonic frequency antenna receive both low-band and high-band 

Fig. 67-15. Directional patterns of antenna operating at fundamental frequency (left) and at third harmonic 
frequency (right). 
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Fig. 67-16. how a conical antenna merges the high-band directional lobes. 

signals from the same general direction the two opposite ends or halves of the antenna conductor may be 
brought forward into sort of a "V" formation as at 1 in Fig. 67 16. The two forward lobes will change 

positions along with the antenna conductors, and will be pushed together as shown by the broken-line 

patterns. The result is merging of the two lobes into a single forward pattern, as shown at 2. This 
becomes the directional pattern for high-band reception. The addition of a reflector reduces the back 

lobes about as indicated, although these minor lobes will change in number and size with variations of 

frequency throughout the band. 
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Bringing the antenna conductors forward into a V-formation has the effect of squeezing the low-band 
pattern into a somewhat narrower angle than with a straight antenna. The result is shown by diagram 
which is the approximate directional pattern for low-band reception. 

The complete array may appear about as illustrated at 4. Using the two pieces of tubing for each 
antenna conductor or in each side of the antenna helps to broaden the frequency response. Instead of 
two pieces of tubing there may be three on each side, as shown by some earlier illustrations. In this 
case the middle piece of tubing may be shorter than the other two. A director cut for high band operation 
sometimes is mounted in front of the antenna element. Arrays of this general style usually are called 
conical antennas, because the conductors which angle forward and outward from the center at the same 
time could be considered as sections taken from two cones having their apexes at the center of the 
structure. 

Most conical antennas have a center impedance of approximately 150 ohms. There will be no serious 
mismatch when the transmission line has a characteristic impedance of 75, 150, or 300 ohms. The gain 

ordinarily is something between 2 and 5 decibels in the various channels. 

DOUBLE-V ANTENNA. Another type of antenna making use of third harmonic response for reception 

TRANSMISSION LINE 

PHASING 

CONDUCTORS 

'be) WAVE 
—woe  

TRAVEL 
<<.« 

Fig. 67-17. A double-V antenna. 
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throughout both the high and the low television bands is illustrated by Fig. 67-17. This style may be 
called either a double-V or a V-beam array. The styles which we have referred to as conicals sometimes 
are called V-beam conicals. 

The double-V antenna consists of a forward dipole and a rear dipole with all conductors in the same 
horizontal plane. Each of the V-dipoles is divided at its center for signal power takeoff to the transmis-
sion line, just as all dipoles are divided. The gap openings or center terminals of the two dipoles are 
connected together by two fore and aft phasing conductors. The right-hand side of each dipole is con-
nected through one of these phasing conductors to the right-hand side of the other dipole, and the left-
hand sides of the two dipoles are similarly connected through the other phasing conductor. Right-hand 
and left-hand here refer to the sides of the antenna as it is mounted in space, not as shown by the 
diagram. The two conductors of the transmission line are connected to the rear ends of the two phasing 
conductors, or to the gap terminals of the rear dipole. 

Front to back separation between the two dipoles is such that their signal currents are in phase, or 
nearly so, and so that signal powers add at the transmission line takeoff. Directional patterns for high-
band and low-band reception are quite similar to those shown in Fig. 67-16 for a conical antenna. The 
angle included between the forwardly inclined conical conductors in that figure is about 105 degrees, 
while the included angle of the double V-antenna illustrated is 90 degrees. As a consequence of the 
smaller angle the directional lobes of this particular double-V antenna would be somewhat narrower than 
for the conical type illustrated. Narrowing the included angle of either style of antenna will narrow the 
directional lobes while giving somewhat greater gain in a straight forward direction. 

GSTACKED ANTENNAS. A stacked array, as shown by Fig. 67-18, consists of either two or four similar 
antennas mounted one above another, connected together and to the transmission line in such manner as 
to combine their signal currents and powers. The prime object of stacking is to provide greater gain. 
Any style of antenna, with or without any number and kind of parasitic elements, may be stacked. Each 
antenna element or each combination of elements in a stacked array usually is called a bay. 

All the buys in a stacked array are of similar design, construction, and frequency response. For this 
reason we do not call a high-low antenna a stacked array, the two sections have different frequency re-

sponses. Neither would any other two dissimilar elements on the same mast form a stacked array. You 
could, however, use two similar elements for one two-bay stack cut for the low band, and on the same mast 
mount another two-bay stack of the same or a different style cut for the high band. Then you would have 
two separate stacked arrays on the one mast. Any stacked array will have essentially the same frequency 
response or bandwidth as one of its bays used alone. 

The horitontal directional pattern is not materially altered by stacking. The entire stacked array will 
have practically the same horizontal pattern as one of its bays. But the vertical directional pattern is 
greatly improved by stacking. That is to say, a stacked array has much less pickup than one of its bays 
used alone for waves arriving from either below or above the horizontal plane in which the antenna lies. 
This may be a decided advantage where there is electrical and radio interference in the area where the 
antenna must be located. Vertical pickup was discussed in another lesson, where directional patterns 
were shown for waves arriving at angles below or above the horizontal. Each bay of a stacked array 
seems to act for the other bays somewhat like a shield against waves not traveling in a nearly horizontal 
direction. 
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Fig. 67-18. Single and stacked antennas with their phasing connections. 

Increases of gain due to stacking are illustrated by Fig. 67-19, which shows fairly representative gains 
in decibels when using a single conical antenna with reflector, when using the same kind of antenna and 
reflector for each of two bays in a stacked array, and when using four similar bays. The zero line at the 
bottom of this graph represents signal power from a simple half-wave dipole without reflector, which is 
the reference standard. 

Make sure that you correctly interpret the additional gains due to stacking. As an example, the graph 
shows a two-bay stacked array as providing gain of about 6.7 db in comparison with a simple dipole on 

channel 5. This does not mean that you will have 6.7 db more signal power than from a single conical 
antenna and reflector, because the gain with a single such unit would be about 4.0 db as compared with 

a simple dipole. Extra gain due to the two-bay stacking is the difference between 6.7 db and 4.0 db, or 
is 2.7 db. This is a signal power increase of about 87 per cent of the power from one bay. Power is 

nearly but not quite doubled. Using four bays would give a signal power increase of about two-thirds of 

that from two bays, and about three times the power from a single bay. 
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To realize the extra gain which is possible with stacking there must be as much vertical separation as 
is practicable between the bays. Separation usually is limited by overall size and mounting difficulties. 
Also, the bays must be connected together and to the transmission line for correct phasing of signal 
currents and satisfactory matching of impedances. 

If a stacked array were designed for reception in only one channel, as would be the case with two or 

four yagis or with three-element antennas for the bays, a vertical separation of one wavelength would 
allow maximum feasible gain, and with separation of a half-wavelength there still would be high gain. 
But were a stacked array designed for broad band reception the one-wavelength separation would throw 
the high-band signals away out of phase. 

To have reception in both television bands there must be a compromise in vertical separation between 
bays. One method employs separation of about a quarter-wavelength measured at the lower frequencies 
of the low band, which is a separation of somewhat less than a full wavelength at the higher frequencies 
of the high band. This separation favors high-band reception. Greater separation would favor the low 
band. 
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Fig. 67-19. Typical gains for single and stacked conical antennas. 
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Fig. 67-20. End takeoffs for phasing of stacked antennas. 

Center takeoff for transmission lines on stacked antennas is illustrated by Fig. 67-18. With only two 
bays the vertical phasing conductors are parallel, with the transmission line connected at the centers of 
the two conductors. These conductors may be either metal tubing or pieces of transmission line. With 
four bays the upper two are connected to each other with center-tapped phasing conductors, and the lower 
two are similarly connected to each other. These center-tap points then are connected together by two 
more phasing conductors, and from midpoints on these latter conductors the transmission line goes to 
the receiver. 

End takeoff for stacked arrays is illustrated by Fig. 67-20. With only two bays the transmission line 
may be connected to the gap terminals of either bay. Then the phasing connections between bays must 
be transposed as shown. With four bays the top two are connected together with transposed phasing 
conductors and the bottom two are similarly connected together. The top and bottom pairs then are con-
nected together with parallel phasing conductors, and from the centers of these latter conductors the 
transmission line is run to the receiver. 

The stacked arrays are shown as simple straight dipoles to clearly illustrate the methods of inter-
connection. In practice there nearly always would be reflectors, possibly directors as well, and the bays 
could be made up with any other types of antenna elements. 
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H-ANTENNAS. Fig. 67-21 illustrates some styles of stacked antennas which have long been in common 
use. All are called II-antennas or lazy-II antennas, because they appear like a capital letter H lying on 
its side. 
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1 
Fig. 67-21. Various II-type or lazy-II stacked antennas. 
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At 1 the top and bottom elements are half-wave dipoles with the outer ends brought forward into a 
V-formation. When this design is used with straight reflectors back of each dipole the bandwidth is 
great enough for either the low band or the high band where signal field strength is fairly high, but it is 
not enough for both bands. Gain is around 3 to 5 decibels. Since this is a single band antenna, cut for 
reception in either one band or the other, the principal effect of the V-formation is a narrowing of the 
directional pattern rather than merging of separate lobes. This narrowing may be an advantage where 
front reception is wanted only within a rather narrow angle. 

At 2 the top and bottom elements are straight half-wave dipoles. The directional pattern is like that 
of a single straight dipole, wider than when the V-formation is used. This straight dipole array ordinarily 
would include a director behind each element. Two or more directors sometimes are added to increase 

the gain, with proportional reduction of bandwidth and narrowing of the directional pattern. 

Diagram 3 of Fig. 67-21 shows two folded dipoles in a stacked array. Where field strength is fairly 
good the bandwidth is great enough for reception throughout either band for which the antennas are cut, 
and in areas of high signal strength this antenna will cover both bands when cut for a frequency of about 
150 megacycles. 

When any of the antennas illustrated by Fig. 67-21 are cut for high-band reception the vertical separa-
tion between bays usually is about a half-wavelength at the middle of that band. When cut for the low 
band the vertical separation usually is about a quarter wavelength at the middle of the low band. This 
lesser separation for the low band is only to reduce overall dimensions and make for easier mounting. 
As with all stacked antennas, greater vertical separation will increase the gain quite materially. 

Although there are many forms of antennas in addition to those which we have discussed, enough types 
have been illustrated and described to bring out the general principles employed for all antennas. Other 
varieties should hold no mysteries. 
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LESSON NO. 68 

RESONANT LINES AND MATCHING SETS 

Imagine someone coming to you and claiming to have in their pocket a wonderful invention that 

will: 

1. Compensate for mismatch of impedances between antennas, transmission lines, and receivers 

with negligible energy loss. 

2. Bring up the response on a weak channel when connected to the receiver input. 

3. Provide either inductive or capacitive reactance, and acts like either a coil or a capacitor for 

constructing such things as frequency filters. 

4. Act as a precisely tuned series resonant circuit or a parallel resonant circuit, whichever you 
want. This makes it useful as an interference trap for undesired television, f-m, and high-frequency radio 

signals. 

5. Either in its present form or with less insulation be used as a television tuner, and also in 

making built-in antennas for television receivers. 

On top of all this, the invention has far better efficiency or higher Q-factor at very-high and ultra-
high frequencies than the coils and capacitors you have been using. When you get a look at this remark-
able gadget it turns out to be nothing but a piece of transmission line something less than four feet long - 

yet every claim is well justified. 

%When a piece of transmission line is used for purposes just listed we call it a resonant line, a tuned 
section, a linear circuit, or a stub. Because resonant lines or stubs are so commonly used at present, 
and because at ultra-high frequencies they are the most practicable means for avoiding excessive energy 
loss, it is none too soon to get acquainted with some of their elementary principles. 

To begin with, we must realize that currents and voltages at very-high and ultra-high frequencies 
are not of constant values at all points along a line. We may have several cycles on a line or a conductor 
at the same time. Supposing, for example, that you have a source of voltage at 197 megacycles connected 

to one end of a line whose other end is open, as at 1 in Fig. 68-1. An alternation or pulse of voltage from 
the source will start a charge moving along the line. For the present we shall assume that the charge 
travels at the same velocity as radiant waves in space. Because the wavelength corresponding to 197 
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Fig. 68-1. Advancing and reflected current and voltage on an open transmission line. 

megacycles is 5 feet, this charge will have progressed 5 feet before the next charge is started along the 
line. The next charge will be followed by a third and by a continuing succession of charges at intervals 

of 5 feet. Of course, the same thing happens on the other side of the line'a s alternating voltage from the 

source reverses during each cycle. 

Since the moving charges are concentrations of electrons or peaks of current we n-ay represent cur-

rent along the line as at 2. iihen each charge reaches the open ends it will be reflected back toward the 
source. The reflected current is represented at 3. It is shown in opposite polarity to the source current 
because the reflected current is moving in the opposite direction, and because positive and negative alter-
nating polarity are merely convenient terms which indicate that electron movement is in one direction or 
the opposite direction. Because there can be no current across an open circuit we must show the current 

as zero at the open end of the line or at the point of reflection. 
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Fig. 68-2. Why an open-ended line is electrically equivalent to a parallel resonant circuit. 

Changes of current must be accompanied by changes of potential, or by a voltage. We show this 

voltage at 4 in Fig. 68-1. It is of maximum value at the open end of the line because at any open circuit 
where no current can move there is nothing to cause loss of potential energy or drop of voltage. Reflected 
voltage, as represented at 5, is in opposite polarity to voltage from the source, because the reflected 

voltage is acting in the opposite direction. 

Diagram 6 shows current from the source by a heavy-line curve and shows voltage from the source by 

a light-line curve. These are the same curves as at 2 and 4 here shown together to illustrate phase 
relations between current and voltage. The reflected current and voltage would have similar phase rela-

tion, but would be of opposite polarities. 

It is shown by Fig. 68-2 that the open end of our line is electrically equivalent to a parallel res-
onant circuit containing only inductance and capacitance. When voltage at the resonant frequency is 
applied across a parallel resonant circuit there will be circulating currents in the inductance and capaci-

tance, but no current from the source will pass through the resonant circuit. We have the same conditions 
with the open line, because currents flow in the inductance and capacitance of the line but not across the 

open end. 

Now look at Fig. 68-3. In order that our open-ended line may act toward the source  as would a 
parallel resonant circuit we must have zero current and maximum voltage at the source as well as at the 

far end of the line. This will happen only when the length of line between source and open end is equal 
to some number of half-wavelengths for the frequency being used. It is a half-wavelength from the open 

end at a back to b another half-wavelength from b to c and another half-wavelength from c to the sourre 
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Fig. 68-3. Relations of current and voltage at half-wave intervals along an open line. 

at d. You could place either the open end of the line or else the source at any of these half-wave inter-

vals and always have maximum voltage and zero current at both ends of the line. 

This allows writing the first rule for resonant lines. Virhen length of an open-ended line is equal to any 
number of half-wavelengths, the source will see the line as an open circuit and will see the equivalent of 

a parallel resonant circuit. 

Now let's see what will happen when the far end of the line is short circuited rather than being left 
open. 'I'he conditions are shown by Fig. 68-4. The short circuit is electrically equivalent to a series 
resonant circuit, for the following reasons. Flowing across a short circuit there is maximum possible 
current. This is true also of a series resonant circuit. There is reflection from a series resonant circuit 
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Fig. 68-4. Vihy a short circuited line is electrically equivalent to a series resonant circuit. 
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F ig. 68-5. Advancing awl reflected current and voltage on a short circuited transmission line. 

because neither its inductance nor its capacitance absorb any energy. They temporarily change received 
energy into magnetic and electric fields, which disappear as their total energy returns to the line. There 

is total reflection also at a short circuit if its resistance is zero. 

Current from the source in a shorted line is represented by the full-line curve at 1 in Fig. 68-5. Re-
flected current is shown by the broken-line curve. Reflected current travels oppositely to current from 
the source, so is shown in opposite polarity. In order to indicate zero voltage at the short circuit the 
voltage wave must be shown as at / Reflected voltage acts oppositely, and is shown as of opposite 
polarity by the broken-line curve. Current and voltage from the source are shown together at 3. Reflected 

current and voltage could be shown by inverting the polarities. 

Qe) In order that the source may see the shorted line as a series resonant circuit, the current at the source 
must be maximum when voltage is zero, just as at the shorted end of the line. This will happen only when 
the line between source and shorted end is some number of half-wavelengths long, as you may see from 
Fig. 68-6. Points,..ª, c and d are separated by half-wavelengths. At each of these points there is 

maximum current and zero voltage. Either the source or the shorted end of the line could be at any one 
of these points and the source still would see the shorted line as a series resonant circuit or as a short 

circuit. 
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Fig. 68-6. Relations of current and voltage at half-wave intervals along a shorted line. 

Now we have a second rule for resonant lines. Mth length of a shorted line equal to any number of 
half-wavelengths the source will see the equivalent of a series resonant circuit or will see a short 
circuit. 

Next we shall see what happens when open and shorted lines are made only a quarter-wavelength long. 
As at 1 in Fig. 68-7, we have zero current and maximum voltage at the end of an open line, just as in 
Fig. 68-1. At point a a quarter-wavelength back from the open end, we have zero voltage and maximum 
current. But these are the relations of voltage and current existing at a short circuit or at a series 

resonant circuit. When the open line is cut down to a single quarter-wavelength, as at 2 and the source 
is connected as shown, there is zero voltage and maximum current at the source. Then the source sees 
this quarter-wave open line as a series resonant circuit. 

At 3 in Fig. 68-7 are shown zero voltage and maximum current at the end of a shorted line, just as in 
Fig. 68-5. At a distance of a quarter-wavelength back from the shorted end of the line there is maximum 
voltage and zero current. This is the voltage-current relation that exists at a parallel resonant circuit. 
Therefore, if the shorted line is made just a quarter-wavelength long, as at 4 the source will see this 
quarter-wave shorted line as a parallel resonant circuit. 

Fig. 68-8 summarizes what we have learned about half-wave and quarter-wave open and shorted lines, 
and adds other important information. Voltage sources are indicated by the usual symbol containing a 
wavy line representing one cycle. 

1. IlaIf-wave open lines appear to the source as parallel resonant circuits or open circuits. 

2. Quarter-wave open lines appear to the source as series resonant circuits or short circuits. 

3. Open lines less than a quarter-wavelength long appear to the source as capacitors or capacitive 
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Fig. 68-7. Relations between values of current and voltage are inverted by quarter-wave lines. 

reactances. Reactance increases, or capacitance decreases as the line is made shorter and shorter 

below a quarter-wavelength. 

4. Open lines between a quarter-wavelength and a half-wavelength long appear to the source as in-
ductors or inductive reactances. Reactance and inductance increase as the line is made longer than a 
quarter-wavelength, and become maximum at a half-wavelength where there is the equivalent of an open 
circuit. 

5. Half-wave shorted lines appear to the source as series resonant circuits or short circuits. 

6. Quarter-wave shorted lines appear to the source as parallel resonant circuits or open circuits. 

10 7. Shorted lines of less than a quarter-wavelength appear to the source as inductors or inductive 
reactances. The shorter the line the less becomes the inductance or inductive reactance. 
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8. Shorted lines between a quarter-wavelength and a half-wavelength long appear to the source as 
capacitors or capacitive reactances. Reactance decreases or capacitance increases as length is increased 

from a quarter-wavelength toward a half-wavelength. 

ADDING HALF-WAVE SECTIONS. In Figs. 68-3 and 68-6 we observed that increasing or decreasing 
the length of either an open or shorted line by any number of half-wavelengths has no effect on the way 
in which the source sees the line. It is just as true that adding any number of half-wavelengths to any 
of the line sections of Fig. 68-8 will not alter the way in which the source sees the line. 

For example, at 2 and at 6 in that figure there are quarter-wave lines. The 
3/4 wavelength or 1t wavelengths, or of any other length consisting of the 
plus any number of half-wavelengths without altering the way in which the 
same general principle applies to lengths shown in Fig. 68-8 as less than 
those between a quarter- and a half-wavelength, you may add any number 
altering the way in which the source sees the line. 

total lengths could be made 
original quarter-wavelength 
source sees the line. The 
a quarter-wavelength and to 
of half-wavelengths without 

Should you wish to know how a line of any random length will behave, you could measure off as many 

half-wavelengths as would leave a final half-wavelength or something less. This remaining part will 

tell the story, as shown by Fig. 68-8. 
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Fig. 68-8. How the source sees open and shorted lines of various lengths between a half-wavelength 

and zero. 
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0,e may draw an important conclusion from the repeating effect of half-wavelengths. If the total length 
of a resonant line is any exact multiple of a half-wavelength at the operating frequency, then the imped-
ance or the reactance at the load end will appear at the 11F source end without any change. We say that 
a half-wavelength resonant line repeats the load. 

TCNING OF RESONANT LINES. When tuning a circuit which consists of an inductor and capacitor 
you adjust either one or both to vary the frequency of resonance. Reducing the inductance, the capacit-
ance, or both, will raise the frequency of resonance, while increasing inductance, capacitance, or both, 
will lower the resonant frequency. 

(i) When you use a greater length of transmission line as a tuned section you add to both its inductance 
and capacitance, and thus lower the frequency of resonance. Using a shorter length reduces both in-
ductance and capacitance, and raises the resonant frequency. 

The actual length of a resonant line, in inches, corresponding to any fraction of a wavelength depends 
entirely on the operating frequency. The line must be relatively short for high frequencies and longer for 
lower frequencies. 

As a matter of convenience in supporting or mounting it is usually desirable to use short length of line. 
%ith this in mind look back at Fig. 68-8 and decide whether you would use an open line or a shorted line 
to obtain the effect of parallel resonance. The shorted line would have to be only a quarter-wavelength 
long, while the open line would have to be a half-wavelength long. But should you wish to have the 
effect of series resonance the length of the open line would be only half that of the required shorted line. 

VELOCITY FACTORS. When a charge or a wave of current moves along a transmission line or any 
short section of line the charge carries along with it an electric field. And because the charge is a peak 
of current it carries also a magnetic field. The charge or current, and its accompanying fields, must 
stay together and travel at the same speed. Electrons composing the charge or current move in the 
copper conductors of the line, but the electric and magnetic fields which are around the conductor have 
to move along through whatever kind of dielectric material is around and between the conductors. 

The electric and magnetic fields can travel through space at 300,000,000 meters per second, and 
through air at practically the same speed. But these fields cannot travel at this speed through solid or 
plastic dielectric materials. They are slowed down to a greater or less extent even by the least amount 
of insulation that can provide the supports for "air-insulated" lines made of wire or of metal tubing. 

At any given frequency there must be a corresponding number of waves per second. When the waves 
slow down a greater number crowd into every mile or other unit of travel distance. Then each wavelength, 
or any fraction of a wavelength, is shorter in any kind of transmission line than in air. Some comparisons 
are shown by Fig. 68-9. 

A half-wave or quarter-wave line must be shorter in inches than a half-wavelength or quarter-wavelength 
in air. The fraction of the air or space wavelength to which transmission line must be cut is called the 
velocity factor or velocity constant of the line. Really it is a fraction of the wave velocity in air, but 
this amounts to the same thing. 

A 
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Fig. 68-9. Relative lengths in inches of several kinds of transmission line having equal electrical lengths 

or equal fractional wavelengths. 

The accompanying table lists velocity factors for several kinds of transmission line commonly used for 
resonant sections or stubs. This table gives also the numbers which may be divided by megacycles of 
frequency to determine how many inches of actual length correspond to wavelength dimensions usually 
employed. Line insulation is assumed to be polyethylene in all cases. Factors for coaxial line refer 

to any such line as ordinarily used for television service work. 

As an example in using the table, supposing you wish to cut a half-wave stub from 150-ohm twin-

conductor to use at a frequency of 195 megacycles. In the half-wave column, opposite twin-conductor 
of 150-ohms, is the number 4,547. Dividing this number by 195 (megacycles) gives 23.3 inches as the 

required length. 

VELOCITY FACTORS AND LINE LENGTH FACTORS 

Kind of Transmission 
Velocity 
Factor 1-wave 

Line Length 
'4-wave 

Factors 
'4-wave 

Waves in space, no line used. 1.00 11810 5905 2953 
Wire line, air insulated .97 11457 5728 2864 
Tubing line, air insulated .95 11220 5610 2805 

Twin-conductor, unshielded, 300-ohm .82 9684 4842 2421 
et tl 150-ohm .77 9094 4547 227/1 
fe 75-ohm .69 8150 4075 2037 

Coaxial cable, 50- to 75-ohm .66 7795 :3898 1949 

MATCHING ITH INSERTED SECTIONS. One of the most useful service applications of line sections 
and stubs is in the form called impedance matching transformers, which connect unequal impedances of 
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antennas, transmission lines, and receivers for maximum attainable power transfer. Such transformers 
often are necessities when the antenna has two or more parasitic elements which drop its impedance 
below that of any available transmission line. They are needed also for matching at connections between 
bays and for transmission line connections of stacked antennas. There is a special need for matching 
transformers when any of these antennas are used in areas of low carrier strength, where every bit of 

signal power must be conserved. 

One of the simplest matching transformers consists of a quarter-wave section of line inserted between 
the mismatched elements, as shown by Fig. 68-10. If the antenna impedance does not match transmission 
line impedance, but the line does match the receiver, the quarter-wave section is connected between 
antenna and transmission line. If there is satisfactory matching between antenna and transmission line, 
but not between line and receiver, the matching section is connected between line and receiver. If there 
is mismatch at both ends of the transmission line, quarter-wave matching sections are connected between 

antenna and line and between line and receiver. 

Both the antenna and the line, or the line and receiver, must see their own impedances at their con-
nection to the inserted section in order to have correct matching. This will occur when characteristic 
impedance of the matching section is correctly chosen. A detailed explanation of why it happens would 
not be of any great help, provided we know how to get the final answer. We could begin an explanation 

with these familiar formulas involving a-c voltage, impedance, and power. 

Impedance — (volts)2 
Power, watts 

Volts = 

,And finish with these presently useful formulas. 

(1) Matching impedance = 

(2) by antenna 
Impedance seen 

Power x impedance 

antenna impedance x line impedance 

(matching impedance) 2 
line impedance 

Impedance 
(3) seen by line 

(matching impedance) 2  
antenna impedance 

Formula 1 allows determining the characteristic impedance in ohms of the quarter-wave section to be 
inserted between elements whose impedances are unequal. For a transformer connected at the receiver 
end of the transmission line we would change the term "antenna impedance" to "receiver impedance" in 

all the formulas. 

For an example, assume that you have an antenna whose center impedance is 72 ohms, and wish to use 
a 300-ohm transmission line. What should be the characteristic impedance of the quarter-wave inserted 

section? here is the solution, using formula 1. 

Matching impedance = V72 x 300 =j21600 = 145.5 ohms, approximately. 

This required impedance is so close to 150 ohms that the quarter-wave section could be made of 150-
ohm transmission line and be entirely satisfactory. Supposing that we do use a 150-ohm matching section, 
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what impedance will be seen by the antenna? To find out we use formula 2 thus, 

22500 Impedance seen =. 150 2 _T_   ---- 75 ohms. 
by antenna 300 300 

This is so close to the antenna impedance of 72 ohms as to make a practically perfect match. Next, 
what impedance will be seen by the line? For this we use formula 3. 

Impedance seen 150 2 22500  
=  by line 72 72 313 ohms, approximately. 

This is very close to the actual impedance of the line, 300 ohms. The line sees itself matched t3 the 
antenna, and the antenna sees itself matched to the line. 

Briefly, the explanation is as follows. By looking back at Fig. 68-8 you will see that a quarter- wave 
line makes an actual open circuit look like a series resonant circuit or a short circuit (at) and makes an 

ANTENNAS OF ANY KIND 

MATCHING 
SECTION 

TRANSMISSION 
L INE 

MATCH 

RECEIVER 

MATCH 

MATCH 

RECEIVER 

Fig. 68-10. Where inserted sections may be placed when used as matching transformers. 
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actual short circuit look like a parallel resonant circuit or an open circuit (at 6). The quarter-wave line 
is an inverter. Anything at one of its ends appears as the opposite effect when seen from the other end. 
This ability to invert allows the low impedance of an antenna at one end of the quarter-wave section to 
look into a high impedance at the line end. It allows the high impedance of the transmission line at one 
end to look like low impedance at the antenna end. 

The inserted section may be made from any kind of transmission line, shielded or unshielded. Usually 
it is of the same general type as the regular transmission line except for characteristic impedance. The 
two conductors on one end of the inserted section are attached to the center terminals of the antenna, or 
to the receiver terminals, and at the other end are connected to the transmission line. 

The length in inches of the inserted section must correspond to a quarter-wavelength at some certain 
frequency. If you are matching a single-channel antenna you will use the center frequency of that channel. 
For matching either the low band or high band you will use the frequency at the center of that band. For 
both bands or all channels you will use a frequency of 130 to 150 mc, depending on whether you wish to 
favor the low band or the high band. When cutting the inserted section do not forget to allow for the 
velocity factor of the kind of line being used. The correct length can be figured with the help of the 
preceding table of velocity factors in this lesson. 

If no available kind of transmission line comes within about 20 per cent of the required characteristic 
impedance you can make the inserted section of air- insulated wires or metallic tubing. Tubing attached 
to the antenna terminals makes a good looking installation. Conductor diameters and spacings for the 
needed impedance may be determined from a chart in another lesson. Maintain the spacing by using 
additional supports of Bakelite, polystyrene, or other solid insulation. 

MATCHING WITH STUBS. A different type of matching transformer makes use of the fact that effective 
impedance of a quarter-wave section varies along its length. flow this property is employed with a quarter-
wave open-ended stub is illustrated by fig. 68-11. In the upper diagram we have the same relations 
between voltage and current that are shown at 2 in Fig. 68-7. 

Impedance always is equal to voltage divided by current. At the open end of the stub there is maximum 
voltage and minimum current. Therefore, at this open end we must have greatest possible impedance. It 
may be several thousand ohms. At the source end of the open stub there is minimum voltage and maximum 
current, so here the impedance must be of least possible value. At intermediate points along the quarter-
wave open stub there are varying impedances, from greatest to least. 

In the lower diagram an antenna of low center impedance has been substituted for the power source. 
The stub must be made from a kind of line whose characteristic impedance closely matches the antenna 
impedance. A transmission line of relatively high impedance is connected to the stub between antenna 
and open end, at a point where impedance is greater than at the antenna but less than at the open end. 

By moving the transmission line takeoff along the stub it will be possible to find a position where 
characteristic impedance of the transmission line is matched by impedance of the stub at that particular 
point. Then we have an impedance match at the line takeoff and also at the antenna. This is a means 
for matching a transmission line to any antenna whose impedance is less than that of the line. It is a 
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Fig. 68-11. An open stub used as a matching Fig. 68-12. A shorted stub used as a matching 
transformer. transformer. 

common method of connection for antennas having several parasitic elements which drop the antenna 
impedance. 

Supposing now that we wish to match a transmission line to an antenna whose center impedance is 
higher than the characteristic impedance of the line. We may use a quarter-wave shorted stub as in 
Fig. 68-12. The upper diagram is like the one at 4 in Fig. 68-7. There is minimum voltage at the shorted 
end of the line and maximum voltage at the source. Therefore, we have minimum impedance at the shorted 
end, maximum impedance at the source, and intermediate values of impedance along the stub. 

In the lower diagram a high impedance antenna becomes the power source. The quarter-wave shorted 
stub must have characteristic impedance that closely matches the antenna center impedance. The low 
impedance transmission line is connected to a point on the stub where impedance is lower than at the 
antenna, to the point where transmission line impedance is matched by stub impedance. This kind of 
matching transformer could be used with a .300-ohm antenna and a 52-ohm or 72-ohm coaxial transmission 
line, or in any similar situation. 

Quarter-wave stubs such as shown by Figs. 68-11 and 68-12 commonly are made of metallic tubing of 
the same kind and diameter as used for antenna conductors. The frequency for which the stub is cut may 

- - 
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be arrived at as previously explained. In cutting the quarter-wave stubs their velocity factor should be 
considered, although with tubing the length will be only 5 per cent less than a quarter-wave in space. 

If it is more convenient from the construction standpoint, as for supporting the antenna, the matching 
sections may be 3/4 wave long, or might be a quarter-wavelength plus any number of half-wavelengths. 
For making final adjustments the transmission line is moved along the stub until reception is best, and 
is clamped or soldered in this position. 

BALANCING OF REACTANCES. If the antenna input circuit of a receiver is resonant at each received 
frequency, or at the middle of each channel, the receiver input will appear as a pure resistance to the 
transmission line, since reactances are balanced out. Then there will be nothing to cause reflections 
back into the line. If also the impedance at resonance is equal to the characteristic impedance of the 

line there will be maximum possible signal power transfer. Results will be the same if any other means 
are taken to make the receiver input impedance a pure resistance equal to line impedance. 

If the receiver input should contain unbalanced inductive reactance it could be balanced out at one 

channel frequency by adding a suitable amount of opposing capacitive reactance. Should there be un-
balanced capacitive reactance at the receiver input a suitable amount of inductive reactance could be 
added to obtain a balance. The necessary capacitive or inductive reactance may be added at the receiver 

input by connecting to the antenna or transmission line terminals of the receiver either an open or shorted 
stub of correct length, leaving the transmission line from the antenna connected as usual. 

At the left in Fig. 68-13 is shown an open stub on the receiver input terminals. When this open stub is 
made a half-wavelength long it acts like a parallel resonant circuit or open circuit, and has no effect on 
reproduction. As its length is gradually lessened the stub becomes an inductive reactance of continually 
decreasing value. By the time the stub is reduced to a quarter-wavelength it becomes the equivalent of a 
series resonant circuit or a short circuit, and pictures disappear. Still more shortening makes the stub 
act like a capacitive reactance which first is of small value and then becomes greater as stub length is 

reduced toward zero. All this we learned in connection with Fig. 68-8. 

At the right are shown the effects of a shorted stub. At a half-wavelength there is the effect of series 
resonance or a short circuit, with no pictures. As the length of the stub is reduced there is first the 
effect of a small capacitive reactance, which then increases in value until at a quarter-wavelength there 

is an equivalent parallel resonant circuit or an open circuit, with no effect on receiver performance. 
Still more shortening in length makes this stub act like inductive reactance, which first is of large value 
and then becomes less and less as the stub is cut down to zero length. 

Although any degree of inductive or capacitive unbalance could be compensated for with a stub, it 
would take extensive measurements to determine just what fault is present. The practical thing to do is 
attach to the antenna terminals of the receiver one end of a piece of transmission line an inch or two 
longer than a quarter-wavelength at the mid-frequency of the channel giving most trouble. The length in 
inches may be determined from the table which lists velocity factors and line lengths. Leaving the free 

ends of this piece of line unconnected makes it an open stub. 

Turn the receiver brightness control as low as leaves a visible picture, so that improvement will be 

readily noticeable. Then take your wire cutters and clip off not much more than a quarter inch of the 
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Fig. 68-13. How the length of a stub on the receiver affects the stub characteristics for preventing 
refle ctions. 

stub at a time, observing picture reproduction after each clip. As you may see at the left in Fig.. 68-13, 
this adds capacitive reactance in increasing amounts. If reproduction becomes better with any length of 
stub, then deteriorates with less length, you have corrected the trouble. Cut another open stub of the 

length which gave best results and connect it to the receiver terminals. 

Should there be no improvement, start over again with the same original length of line and try a shorted 
stub. This adds inductive reactance to the receiver input. The inductive reactance is lessened as the 
shorted end of the stub comes closer to the receiver terminals. 

BLADE 

WIRE 
CONNECTION 

Fig. 68-14. Methods of temporarily short circuiting a stub at various points along its length. 
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The effective length of a shorted stub made of unshielded twin conductor may be temporarily reduced 
for testing as illustrated in Fig. 68-14. You may use a razor blade to cut through the plastic covering 
of the line to make electrical connection between the two conductors, but without cutting into either of 
them. Otherwise you may put the sharp points of two bright tacks or brads through a small block of wood 
or other insulation so that insulation on the stub will be pierced and electrical connections made when 
the piece of line is pressed down on the points. The tacks or brads must be electrically connected 
together. 

Start short circuiting the stub close to the receiver, then farther and farther away at intervals not much 
more than a quarter inch. 'I'he portion of stub line hanging beyond the shorted place has no material 
effect on your tests. When you find a position of the short circuit that gives improved pictures, cut the 
stub about 3/8 inch longer than at this position. Bare this much of the two conductors, twist them 
tightly together, and solder the joint. 

An open or shorted stub which allows improved pictures on the weakest channel ordinarily won't affect 
reproduction to any extent on other channels. Should it weaken the other channels too much the stub 
will have to be connected and disconnected or switched on and off as the channel selector is changed. 

STANDING WAVES. When addition of an open or shorted stub improves reception, the improvement 
is because the stub balances excess inductive or capacitive reactance of the receiver input at some one 

a b c d 
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Fig. 68-15. Advancing and reflected waves combine their amplitudes where they come into phase. 
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frequency or band of frequencies. Such reactances cause reflections back into the line. The reflected 
waves combine with advancing waves to form what are called standing waves on the transmission line. 
These are waves that remain stationary at certain points on the line. how standing waves come into 
existence may be explained as follows. 

When a wave leaves the antenna the wave travels progressively along the transmission line as at 1 in 
Fig. 68-15. At some one instant of time the wave has reached position _a, A tiny fraction of a second 
later the wave will have gone on to b then to c and d and so on until it reaches the receiver. A re-
flected wave, at 2, moves in the same progressive manner but in the opposite direction. 

In diagram 3 are shown one wave advancing from the antenna toward the receiver and another wave 
which has been reflected. These two waves must meet at an intermediate position along the line. V't hen 
the two waves get to this position, and are in phase with each other, their forces combine to produce a 
wave stronger than either the advancing or the reflected wave alone. 

Of course, the oppositely traveling waves do not suddenly change from separate waves to the in-phase 
condition, they merge gradually. As they do so, the resulting peaks becomes higher and higher, about 
as illustrated at 1 in Fig. 68-16. 

%aves start from the antenna at equal intervals, because each cycle is as long as every other cycle. 
All the waves, both advancing and reflected, travel at the sanie speed along the transmission line. All 
have to travel equal distances to reach any given point on the line, either before or after reflection. 
Consequently, advancing and reflected waves always will come into phase with each other at the same 
points along the transmission line. Just where these points will be located with reference to receiver and 
antenna terminals depends on frequency and on total length of line as measured in wavelength fractions. 

Instead of showing the advancing and reflected waves as at 3 in Fig. 68-15 they might be shown in 
opposite polarity, as at 2 in Fig. 68-16, and results would be the same. Then, as at 3 in this latter 
figure, there will be a whole series of continually rising and falling waves at fixed points along the 
transmission line. These are standing waves. Although outgoing and reflected waves move continually 

along the transmission line, maximum amplitudes combine at only certain fixed positions. 

The greater the excess of inductance or capacitance at the receiver input circuit the greater will be the 
reflection effect, the stronger will be the reflected waves, and the stronger will be the standing waves 
which are the sum of advancing and reflected amplitudes. Should the receiver input present a pure resist-
ance, with no excess of either kind of reactance, there would be no reflections and no standing waves. 
The strength of the standing waves as compared with minimum amplitudes between these waves is a 

measure of the signal energy being wasted due to reflection. 

The fact that standing waves actually exist under certain conditions, and that they do remain stationary 
on the transmission line is easily proven if the transmission line is an unshielded type. The proof 
happens to lie in the service technician's usual test for standing waves and reflection losses. The test 

is made as follows. 

1. Turn down the contrast control, and the brightness control if necessary, to make pictures appear 

quite weak or dim. 
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FROM ANTENNA REFLECTED 

Fig. 68-16. The advancing and reflected waves form standing waves at fixed positions along the trans-
mission line. 

2. Starting close to the transmission line connection on the receiver, grasp the line firmly with one 

hand at successive points no more than four or five inches apart until you get about seven feet from the 
receiver. Keep your other hand off the line. 

3. If the picture becomes very dim, or blacks out, or goes out of synchronization, there are reflections 
and standing waves. There is maximum amplitude of a standing wave at the point being grasped when 
the picture goes out as described. 

MATCHING Er/fil l£S1STORS. It is possible to match unequal impedances of antennas, transmission 
lines, and receivers by means of "matching pads" made up with resistors of suitable values. The con-
nections of the type of pad most often employed for this purpose are shown by Fig. 68-17. In series with 
each side of the circuit is one of two series resistors, which are of equal resistance values. Across the 
circuit is a single shunt resistor, of different value in most cases. The end of the pad at which is the 
shunt resistor always is placed toward the lesser of the two impedances to be matched, and the end with 
the series resistors always is toward the greater impedance. 
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Suitable values for shunt and series resistors are listed in the accompanying table. Pads made with 
these resistance values allow both the source and the load to see resistances equal approximately to 
their own impedances. The listed resistance values are those conforming to preferred values, which are 
readily available from supply houses. Somewhat more exact matches might be made with different resist-
ances, but the advantage would not be worth the trouble of obtaining the odd values. 

PADS FOR IMPEDANCE MATCHING 

Impedances To Be 
Matched, Ohms 

One Shunt 
Resistance, Ohms 

Each of Two Series 
Resistances, Ohms 

150 300 220 110 

95 300 120 120 

72 300 82 130 

52 300 56 130 

95 150 160 43 

72 150 100 56 

52 150 68 62 

72 95 150 22 

52 72 91 20 

LOW- IMPEDANCE 
SOURCE 

SHUNT 
RESISTOR 

HIGH- IMPEDANCE 
LOAD 

SERIES 
RESISTORS 

HIGH-IMPEDANCE 
SOURCE 

SERIES 
RESISTORS 

SHUNT 
RESISTOR 

LOW-IMPEDANCE 
LOAD 

Fig. 68-17. Connections for resistors used as matching pads. 

To learn how both the unequal impedances are matched by means of a pad you might write on either of 
the diagrams in Fig. 68-17 any of the combinations of unequal impedances and matching resistances 
given in the table. At the high impedance end of the pad a source or load sees resistance equal to the 
sum of the two series resistances plus the parallel resistance of the shunt resistor and the low impedance 
at the other end. At the low impedance end of the pad there is resistance equal to the shunt resistance 
paralleled with the sum of the two series resistances plus the high impedance at the other end. You will 

find that both the load and the source see resistances very nearly equal in ohms to their own impedances. 
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Fig. 68-18 shows some of the ways in which matching pads are used. Transmission lines may be of 
any style. At 1 a low impedance line is matched to a receiver of higher input impedance, and at 2 a 
higher impedance line is matched to a low impedance receiver. Note that the pads are reversed, end for 
end. At 3 a low impedance antenna is matched to a higher impedance transmission line, and at 4 a high 
impedance antenna is matched to a lower impedance line. Pads may be used at both ends of the line, as, 
for example, when a 300-ohm antenna is to be connected through a 72-ohm coaxial line to a 300-ohm 

receiver. 

In diagram 5 a pad is used to match an unbalanced coaxial transmission line to the balanced input of a 
receiver. At 6 a pad is used between a shielded twin-conductor transmission line and a receiver having 

balanced input. 

When making up your own matching pads use 1/4-watt non-inductive carbon resistors of 5 per cent 
tolerance. Cut the pigtails as short as allows soldering them to each other, to the line, and to lugs 
which will fit the terminals of the antenna or receiver. Pads used out of doors should be well coated 
with low-loss cement, such as that made from Polystyrene, or preferably wrapped with cellophane tape 

and then coated with cement. 

Although resistance pads allow satisfactory matching of unequal impedances, the pad resistances 

introduce considerable loss of signal energy. The table lists pad resistances for matching 72 and 95 
ohms and for matching 52 and 72 ohms. These mismatches are so slight that the loss due to resistance 
would be greater than the gain due to improved matching. Unless the degree of mismatch is great, or 

unless the carrier field strength is high, matching with resistance pads seldom is advisable. 

LOW-Z 
LINE 

HIGH-Z 
RECEIVER 

COAXIAL 
LINE 

HIGH-Z 
LINE 

LOW-Z 
RECEIVER 

LOW-Z ANTENNA HIGH-Z ANTENNA 

SHIELDED 
TWIN-CONDUCTOR 

Hp. 68-18. Low matching pads may be connected between transmission lines and receivers or antennas. 
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LESSON NO. 69 

ANTENNA INSTALLATION 

The signal gathering ability of the finest antenna may be largely wasted by putting it in a poor location, 
while a relatively poor antenna may work very well when erected in a favorable location. Whether you hay% 
picked a good location or a poor one can be finally decided only by tests of signal strength and picture 
quality, but you may be fairly sure of success if the following requirements are satisfied. 

0 1. As far as possible from walls, poles, trees, and buildings, and especially from large metal objects 
whether or not any of these things will come directly between your antenna and the transmitters. 

2. Away from electric signs and displays, and from electrical machinery and devices in general. 

3. No closer than necessary to streets or roads carrying heavy automobile, bus, or motor truck traffic. 

4. At least five feet above roof surfaces, rain gutters, parapet walls, and other structural parts of 
buildings which will be undèrneath the antenna. 

5. At least 30 feet above the surrounding average ground level. The ratio of signal to noise is deter-
mined largely by antenna height. 

C)6. If the mast below the antenna elements will be more than five to eight feet high it will require the 
added support of guy wires. Then the location must permit fastening the lower ends of these wires at least 
five feet out from the base of the mast in three directions at approximately equal spacings. 

7. Having selected one or more locations which meet the foregoing requirements you should obtain per-
mission from the building owner, preferably in writing, for installation of the antenna at one or any of these 
places. Do this beNre testing for signal strength and picture quality. 

TESTING TI1E SIGNALS. Signal strength or picture quality may be checked with any of the following 
as an indicator. 

The receiver which is to be used with the antenna. 

A d-c microammeter and high-frequency rectifier connected to the video amplifier system of the receiver 
to be used with the antenna. 
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A commercial type of field strength meter or a portable receiver designed especially for this work. 

A small television receiver made portable and otherwise adapted for signal tests. 

Unless you expect to make antenna installation a part of your business the simplest and least costly 
method is to use the regular receiver for testing. The job then requires two persons, one to move and ro-
tate the antenna while the other watches results at the receiver. The procedure is as follows. 

I. Attach the antenna to a section of mast at least five or six feet long so that one person may move 
the antenna about and rotate it for orientation. 

e 2. Connect the antenna terminals to the receiver input terminals with the same kind and with approxi-

mately the same length of transmission line which finally will be installed. 

3. It will be necessary to communicate between receiver and antenna locations. If the distance is too 
great for talking or shouting you may enlist the help of a third person to relay the information, or you may 
arrange some system of signalling, or you may employ a pair of sound-powered phones connected through a 
long length of wire. Do not connect phones through the transmission line. 

CRYSTAL 

CORD TO I _ _ _ _ _ _ _ _ _ - 
METER 

CHASSIS 

TRANSMISSION GROUND OR = 
LINE TO B -MINUS 

RECEIVER 

RECTIFIER 
UNIT 

I 

, 4 

Fig. 69-1. Rectifier unit and d-c meter used for locating and orienting an antenna. 
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4. Tune the receiver to the weakest channel, if it is known. Set contrast and brightness controls as 
low as will allow a recognizable picture, so that any improvement may be apparent. 

5. Hold the section of antenna mast in a vertical position with the antenna elements as high as possible 
while rotating the mast and antenna very, very slowly to allow noting changes of picture strength and quali-
ty at the receiver. Try all possible locations. Try different heights. If the antenna is of a style which 
can be tilted from the horizontal when permanently mounted, and if you are in a closely built up district, 
try tilting the antenna elements at various angles. 

6. When you find a location and orientation giving best results on the weakest channel, keep the an-
tenna in this position while the receiver is tuned and adjusted for each of the other active channels. A 
compromise orientation may be required to obtain satisfactory reception on all channels. 

Now for the second kind of signal indicator. You can do a one-man job with the help of a d-c micro-
ammeter having a full-scale range no greater than 500 microamperes or a half milliampere and a rectifier 
unit including a crystal diode. The equipment and connections are shown by Fig. 69-1. 

The rectifier unit, which remains at the receiver, may be built into any small non-metallic housing. The 
crystal may be a type 1N34, 1N48, or any generally similar germanium diode. Capacitors Ca and Cb are 
each 0.01 mf 400-volt paper tubular types. Resistor Ra is 100,000 ohms 1/4-watt. Resistor Rb also a 1/4-
watt size, protects the meter against overload. Start with about 50,000 ohms at Rb. If meter readings never 
go high enough try smaller values, if they tend to go off scale try more resistance. 

The automatic gain control of the receiver should be overridden or made inoperative. The high-side clip 
of the rectifier unit is attached to the grid lead of any video amplifier or to the signal input element of the 
picture tube, which may be -either the control grid or the cathode. The ground clip is attached to chassis 
ground or B-minus. The meter connection cord, long enough to reach from receiver to antenna location, may 
be any two-conductor type, such as lamp cord or transmission line. The microarnmeter is connected to the 
far end of this cord and taken to the antenna. To use this indicator proceed as follows. 

1. Tune the receiver to the channel which is to be checked first. Set the contrast control about midway 
of its range and turn the brightness all the way down. 

2. Take the meter to the antenna location and set or hold it where readings may be easily watched. 

3. Move the antenna from place to place and orient it to obtain maximum meter reading, following the 
same general procedure as when one person watches at the receiver. If meter readings persist in going too 
high, reduce the contrast control at the receiver, and if they always are too low try turning the contrast 
control higher. 

4. Temporarily support the antenna in the position giving maximum meter reading. Go to the receiver 
and disconnect the high side of the rectifier unit. Try all channels for picture strength and quality. If re-
sults are satisfactory the antenna should be erected where it is now placed. Otherwise tune the receiver to 
the poorest channel, reconnect the rectifier unit, and repeat the operations at the antenna. 

Commercial types of field strength meters usually include a regular television tuner, one or two stages 
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of video amplification, a video detector, and possibly a video amplifier stage. All these parts are fully 
shielded. The output of the detector or amplifier goes to a microammeter or to an electronic voltmeter 
circuit for indication of signal field strengths. There may or may not be a picture tube in the meter unit. 
There will be a complete power supply which is connected through a long power cord to any convenient out-
let. An a-c voltmeter indicates line voltage. 

The field strength meter is connected to the antenna terminals through a transmission line of the same 
kind and of about the same length as will be finally used for permanent installation. Meter readings or 
picture reproduction are observed on each active channel while the antenna is moved about and oriented in 
the usual way. The field strength meter may be calibrated to read microvolts of field strength. Most re-
ceivers are designed for normal inputs of 150 to 250 microvolts and for minimum useful signal of something 
like 50 to 100 microvolts. 

Instead of purchasing a field strength meter some service specialists construct their own from a low-
cost television receiver, usually a transfornierless type to save weight. The picture tube may be either an 
electrostatic or magnetic deflection type. The loud speaker and all or part of the sound system are removed, 
again to save weight. The agc system should be disconnected and all grids returned to suitable fixed or 
manually adjustable biases. A d-c microammeter of 200 to 500 microampere full-scale range may be con-
nected directly across the video detector load resistor. If the meter is connected to a video amplifier or 
the picture tube a rectifier is used in the same way as in Fig. 69-1. 

MAST 

BANDS 

BRACKETS 

{_TENSION 
BOLTS 

Fig. 69-2. Chimney mount for an antenna mast. 
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An a-c meter of 150-volt range may be added for observing line voltage. A deep hood around the picture 

tube screen will make outdoor observations much easier. The entire cabinet must be covered or lined with 
sheet aluminum connected to the receiver chassis or fl-minus for shielding. This outfit is connected and 

used in the same way as a commercial field strength meter. 

Unless a signal strength indicator is correctly calibrated to read field strength in microvolts atall carrier 
frequencies you cannot make dependable comparisons between one channel and others. You can check only 
for best location and orientation of the antenna fo é each individual channel. When using the regular re-
ceiver or one remodeled as a signal indicator you have no certainty that response is the same for equal 
field strengths at the different channel frequencies. You cannot positively determine that signals from one 
transmitter come in stronger or weaker than from another at a given location, for apparent differences usu-
ally are due to shortcomings in your measuring equipment. 

ERECTING TIIE ANTENNA. All common types of antennas are available in kit form, complete with in-
structions necessary for assembly and erection. Masts and mountings for masts may or may notbeincluded. 
Mast mounts purchesed separately come with instructions for installation. All antenna supports and ac-
cessory hardware used out of doors should be rust proofed with heavy plating of cadmium, zinc, or some 
equivalent coating. Otherwise these things should be carefully painted after erection. 

Masts usually are of either seamless or seamed steel tubing, but sometimes of lighter but more costly 
aluminum alloy. Standard lengths commonly are 5 feet or 10 feet, but may be anything between 4 and 12 
feet. Thin wall electrical conduit often is used for antenna masts, or even standard weight galvanized 
steel pipe of the kind found in plumbing. 

Mast diameters range from 3/4 inch to 2 inches. Light weight tubing in diameters up to 1 inch is used 
for a' titennas weighing no more than 10 to 12 pounds and not over 6 to 8 feet high. Greater weights and 
heights call for proportionately larger diameter tubing. 

A mast support that is both sturdy and easily installed consists of a pair of chimney mounts of the gene-
ral style shown in Fig. 69-2. There are many minor variations in design details, but all these brackets are 
held against a corner of the chimney by steel bands or straps drawn tight with tension bolts or turnbuckles. 
The two brackets should have greatest practicable vertical separation to make the mast rigid. Be sure to 
select mounts which extend the mast out far enough to clear the chimney cap or cornice. The antenna 

should be elevated several feet above the top of a chimney which is in use for smoke or fumes. A some-
what similar support for the mast is on a vent stack which extends above the roof of the building. One ex-
ample is illustrated by Fig. 69-3. 

Wall mounts of the general style illustrated by Fig. 69-4 are commonly used on the sides of buildings 
having extended roofs, as in a gable or any peaked construction. Brackets of standard size hold the mast 
at 8 to 18 inches from the wall. Types having extension arms allow clearances as great as 30 inches or 
more from the wall surface. One or both brackets should have a third leg that slopes from the mast end 
down and inward to the wall, in order to provide vertical support for the weight of mast and antenna. Also 
available are brackets which hold the mast only 2 or 3 inches from either a flat surface or a corner. These 
are used for either wall or chimney mounts. 

If a wall is of all wooden construction any brackets may be fastened to it with lag screws provided you 
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Fig. 69-3. Vent pipe mounting for a mast. Fig. 69-4. Wall brackets supporting an antenna mast. 

can be sure that the inner ends of the screws pass into a stud or a header, not merely through the sheathing. 
Carriage bolts with large washers may be used when you can reach the inside of the wall to put on the nuts. 
Various items useful in making wall mountings are pictured by Fig. 69-5. 

Any kind of masonry wall construction should be pierced part way or all the way through by using a star 
drill, which is somewhat like a long cold chisel but with two cutting edges at right angles. A hole is made 
by hammering on the drill while continually rotating it. Expansion sleeves which take a lag screw may be 
inserted in a hole drilled only 2 to 3 inches deep in masonry. Turning the screw into place expands the 
split sleeve so that it grips securely in the hole. A less satisfactory way is to drive wooden plugs into the 
drilled holes, then use lag screws in the wood. 

If holes are drilled all the way through masonry the brackets may be held with long carriage bolts or ma-
chine bolts. The outdoor ends of these holes should be made weather tight with caulking compoundormastic. 
Such compounds, also all kinds of screws, bolts, other hardware, and necessary tools are obtainable from 
radio supply houses or from hardware stores. 

The bottom of the mast often may be supported on a flat or pitched roof surface or on the ridge of a 
peaked roof. There are many styles of base mounts which allow the mast to be vertical when the sup-
porting surface has any degree of pitch. Two kinds are illustrated by Fig. 69-6. 
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Fig. 69-5. Items used when mounting antennas. 
1, star drill. 2, expansion sleeve with lag screw. 3, lag screw. 4, carriage bolt with wing nut. 
5, carriage bolt with square nut. 6, cap screw with hexagon nut. 

Base mounts may be fastened with large wood screws or with lag screws to surfaces covered with roll 
roofing, composition shingles, wood shingles, or metal. Do not attempt putting such mounts on tile or slate 
roofs. Mien the base mount is held on the supporting surface with any type of screws or bolts be sure to 
apply a liberal coating of roofing cement over the screw heads and around the edges of the brackets. 

If a roof is flat it is advisable to attach the mounting bracket to a piece of board a foot or more square, 
then simply lay the board on the roof where it will be held by friction. If the roof has only a slight pitch 
you can drive four or more nails through the board so that the points protrude underneath no more than 1/8 
to 3/16 inch, to catch on the roof surface. Any board must be well painted all over to prevent warping and 
rotting with moisture. 

Puncturing any kind of roofing is more than likely to void the guarantee on that roof, even though you 
make no holes all the way through the covering. You may be called upon to pay damages unless permission 
has been obtained from the building owner. 
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Fig. 69-6. Adjustable base mounts for sloped surfaces. 

When a mast must be higher than allowed by a single length of tubing any number of pieces may be 
fastened together by methods such as illustrated in Fig. 69-7. At 1 a few inches on the end of one length 
of tubing are contracted to smaller diameter so that this end may be forced into the end of another leng'h to 
make a telescoped joint. When telescoped tubing is of the seamed variety the seams in the two lengths 
should be in line. One telescoped joint in a mast works well, but two or more in the one mast tend to al-
low tilting or bending, since the fits cannot be made very tight and true. 

The ends of upper and lower sections may be butted together as at 2 and held in place with a split tubu-
lar clamp which is tightened by means of screws and nuts. Clamps of this kind may have openings at one 
end for attachment of guy wires. Two lengths of mast tubing may be held side by side with two cl mps 
separated vertically by 8 inches or more. One such clamp and the manner of using it is illustrated at 3. 
Lengths of tubing may be held side by side also with two or more U-bolts long enough to pass over both di-
ameters with the threaded ends extending through a cross bar that forms a bearing for the clamping nuts. 

When a mast is carried at its base by mounts of the general type shown by Fig. 69-6, guy wires must be 
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used. If the bracket supports clamp the mast at two points separated vertically by 8 inches or more, guying 
may not be necessary when the topmost part of the antenna is no more than 6 to 8 feet above the highest 

clamp. 

As a general rule, any mast whose length is 10 to 20 feet below the antenna elements must be supported 
with one set of guy wires, and for every additional 10 feet of length there should be one additional set of 
guys. This is necessary because of stresses due to wind, snow, and ice which might collapse an unguyed 
structure, also to prevent slight swaying which may cause fluttering and loss of synchronization in pictures. 

As shown by Fig. 69-8 there should be three guy wires in each set or group, spaced as equally as possi-
ble around the bottom of the mast, and coming far enough from the bottom that the angle between wires and 

mast is not less than 30 degrees, as shown by full lines. It is preferable to make the angle about 45 de-

grees, as shown by the single broken line. 

If the upper ends of the guy wires must come within 8 feet or less from the lowermost antenna element 

FOR 1 

GUY 
WIRE 

II II 

Fig. 69-7. Methods for supporting mast extensions. 
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Fig. 69-8. Positions for guy wires on a mast. 

the ends of the guys toward the antenna should be made up with two or three 2-foot lengths joined with 
strain insulators such as used for radio broadcast antennas. This is to prevent wave reflections from the 
guy wires, and possibility of smears in the pictures. 

Wire for guying usually is stranded galvanized steel with six or seven strands, each of number 18 or 20 
gage size. Another choice is stranded bronze radio antenna wire, which does not rust. Steel baling wire 
may be used for guying small antennas. Some guy wire fittings are pictured by Fig. 69-9. At the bottom is 
a heavy-duty ring which clamps onto the mast and provides attachment points for three guy wires. 

The lower ends of guy wires are held by large screw eyes, screw hooks, ring bolts, or equivalent de-
vices. The upper ends may be fastened to extension clamps such as shown at 2 and 3 of Fig. 69-7 or to 
any of the many available kinds of guy wire rings and clamps. Wires less than FifeetTong are unlikely to 
stretch in any great degree and may be fastened by twisting the free end back around the span a number of 
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1 

Fig. 69-9. Guy wire fittings. 
1 and 2, turnbuckles. 3, ring bolt. 4, cable clamp assembled and separated. 5, screw hook. 

6, screw eye. 7, guy wire clamp. 

times. It is, however, much better practice to use regular 
purpose. Longer guy wires should each be fitted with 
lengths of 3 to 8 inches as measured when fully closed. 

buckle used. 

U-bolt clamps or small cable clamps made for this 
a turnbuckle to take up any slack. These come in 
The longer the wire the longer should be the turn-

TRANSMISSION LINE INSTALLATION. Before commencing permanent installation of the transmission 

line pick out the shortest path, to minimize attenuation and interference pickup. Some of the principles to 
be observed are illustrated by Fig. 69-10. The line should be held on the mast with a standoff insulator 
within a foot or two of the antenna terminals. Additional standoffs should be placed every 6 to 8 feet all 
along the line, or wherever needed to prevent swaying or to carry the line around corners. Avoid sharp 

bends, make the radius an inch or more. 
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 • 

Fig. 69-10. How transmission lines may be run from the antenna. 

Where the line must cross the edge of a roof or any other protrusion, use standoffs which will hold the 
line away from all these things. Fig. 69-11 shows a few of the many types of standoff insulators which 
may be used. Some have clamps for fastening to the mast. Others have wood screw tips. Still others are 
designed for driving, like nails, into either wood or the mortar joints of masonry. 

In most standoffs the opening through the insulation is designed to take either flat unshielded line or 
the smaller sizes of shielded line. Otherwise the insulators may have only a plain round opening for large 
diameter coaxial cable. The metal rings around the plastic insulators have open slots which admit the line 
without having to thread it through for the entire length. After the runs are completed these metal rings 
may be squeezed tight with pliers to securely clamp the line against endwise slipping. Be sure to do this 

on all vertical runs. 

Q)The antenna ends of both conductors in the transmission line should be fitted with soldered lugs which 
will attach to the terminals of the antenna elements. If you do not have lugs, loop the conductor ends to 
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Fig. 69-11. Various styles of single and double standoffs with insulators. 

fit the terminals and fill the strands with solder. Make clean, tight joints and coat them with low-loss ce-
ment or lacquer. Do not draw the line so taut at the antenna as to strain the terminal connections. 

Where the line is brought indoors through a window casing or door casing, or through any kind of wall, 
make the outdoor end of the hole an inch or more lower than the indoor end, to keep water from entering.Un-
shielded line should be protected with a porcelain tube or circular loom where it,goes through the hole. Do 
not squeeze this type of line to change the conductor spacing. Make the outdoor end of the hole weather 
tight with mastic or caulking compound. 

The following instructions apply especially to unshielded transmission line. 

Keep the line at least two feet from all large metal objects, including rain gutters, downspouts, vent 
pipes, conduits, water or gas piping, and metal roofs. Never run unshielded line through metal conduit or 
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metal tubing of any kind. Do not run the line close to and parallel with the antenna mast any farther than 
necessary. From the first standoff, close to the antenna terminals, it is desirable to bring the line away 
from the mast, but not at an angle greater than 45 degrees. If the line must come down the mast, use long 
standoffs which keep the line at least four inches from the mast. 

Make horizontal runs as few and as short as possible, chiefly because rain, snow, and sleet remain on 
such runs to temporarily alter the line impedance, and also because horizontal runs tend to pick up inter-
ference. When possible place any horizontal runs under the eaves or where they are otherwise protected. 
Any part of the line parallel to a roof surface should be supported high enough to remain above snowlevels. 

Twist unshielded line one turn about every foot of its entire length from antenna to building entrance. 
This helps prevent interference pickup. Thin ribbon line may be brought indoors over the sill or over the 
top of the sash of a closed window provided there is no metal weather stripping and no metal in the sashor 

frame. Never use window lead-in strips such as employed with radio antennas. 

Unshielded line may be protected from dielectric effects of surface moisture with a thin coat of silicone 
compound, which does not wash off. A substitute, not so good, is a coating of automobile polishing wax. 
Either kind of coating causes the moisture to gather into small drops instead of remaining as a uniformly 
distributed film. Do not paint unshielded line, especially with any paint having lead or other metallic base. 

1 3 4 

• 

Fig. 69-12. Splicing an unshielded twin-conductor transmission line. 
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Splices in outdoor transmission line should be avoided, the line should be continuous from antenna to 
building entrance, and preferably all the way to the receiver. If an outdoor splice is necessary, make it as 

shown by Fig. 69-12. 

1. Remove the plastic insulation to bare 3/8 to 1/2 inch of the conductors. Cut straight and true across 

the center web. Bend the bared wires outward. 

2. Twist the opposite pairs of wire ends together until the center webs of insulation are drawn together. 

3. Solder the two joints. Hold your iron near the free ends of the wires and let solder flow all the way 

through the joints. Try not to melt the insulation. 

4. Clip off the protruding wire ends as close as will not unduly weaken the joints. Securely clamped, 

standoff insulators should be placed within a few inches of the splice on both sides, to preventthe soldered 

joints from being stressed. 

Indoor runs of unshielded transmission line must be kept clear of radiators, pipes, and other large metal 
objects whether they are exposed or concealed in walls or floors. The line may be fastened along moldings, 
baseboards, or similar interior trim with small headed tacks, preferably with special insulated tacks made 
for this purpose. Small plastic standoffs instead of tacks are desirable if their appearance is not objected 
to. Unshielded line should not be tucked behind moldings, nor run for more than five or six feet underneath 

carpets or rugs, and in no case should it be painted. 

At the receiver end of the line leave only enough slack to allow moving the receiver for cleaning. Splices 
in indoor sections of line may be made with small connectors designed for such use. These connectors 
have bodies of low-loss plastic with pairs of push pins correctly spaced. The bared ends of the line con-

ductors are held in the connectors with small set screws. 

0 Installation of shielded transmission line is relatively simple, for this kind of line may be run practi-
cally anywhere. It may be clamped tight to the antenna mast, run down inside the mast, or inside of any 
kind of metal conduit, tubing, or pipe. It is unnecessary to avoid metal objects of any kind except steam 
pipes or other surfaces which may be heated. Shielded line may be run through wall spaces and may be 

laid along interior masonry walls. 

The central conductor of coaxial transmission line may be connected to either terminal of the antenna, 
with the braid conductor to the other terminal. Preparation of the connections is illustrated by Fig. 69-13. 

1. Remove about 3 inches of the outer protective covering, or enough so that the conductor ends will 
reach the antenna terminals when spread apart. 

2. With a blunt pointed tool loosen the braid around the free end and push the braid away from the poly-
ethylene insulation and as far back as possible. With the blunt tool work an opening into one side of the 
braid close to the remaining outer covering. Make this opening somewhat larger than the polyethylene in-
sulation, but without unnecessary breakage of braid strands. 

3. Bend the insulated inner conductor at the opening through the braid. Work the insulated conductor 
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4 

3 

Fig. 69-13. Making terminal connections on coaxial cable. 

out through the opening while working the braid over the polyethylene insulation until you get the insu-
lated inner conductor out through the opening in the braid. 

4. Pull the braid out to its full length and twist it tightly. To the free end of the braid solder a lug 
which will fit an antenna terminal, then fill the remainder of the braid with solder to stiffen it. Dare enough 
ol the inner conductor to take a similar soldered lug for the other_antenna terminal. Note that the picture 
shows suitable lugs in place, but not yet soldered. The lugs must clamp securely over the braid and over 

the polyethylene insulation to withstand pulling. 

The other end of the coaxial line may be similarly prepared for connection to the input terminals of the 
receiver. 
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Fig. 69-14. The principle and some construction details of a lightning arrestor. 

LIGHTNING PROTECTION. The combination of a metal mast and an elevated antenna connected through 
a transmission line to an indoor receiver forms a dangerous lightning and fire hazard unless suitable pro-
tective measures are taken. These measures include making a direct low resistance connection from the 
mast to ground, and using an Underwriters' approved lightning arrester on the transmission line. Then the 
mast becomes an effective lightning rod to protect the building. 

The principle of a television lightning arrester is illustrated at the left in Fig. 69-14, and some typical 
construction details are shown at the right. Each of the transmission line conductors is connected to a 
piece of metal whose inner end is spaced from a grounded internal member by a narrow air gap. Should 
lightning strike the antenna elements the charge will jump these gaps and go to groun.'ratherthanonthrough 
the line, since lightning takes the shortest path to earth. 

In the particular design illustrated, eaçh of the line conductors connects also through a resistance ele-
ment to the grounded conductor. Electrostatic charges which may build up to rather high voltage on a fully 
insulated antenna will pass off through the resistance element. The resistance between each line conductor 
and ground is one or two megohms, and between the two sides of the line it is two to four megoluns, a value 
much too great to allow appreciable signal leakage. 

In some lighnting arresters designed for attachment to the antenna mast the grounded member, which may 
be a clamp, makes firm electrical connection with the mast. Then a single grounding wire front the arrester 
grounds the mast while providing lightning protection for antenna and line. An arrangement of this kind is 
shown at. the left in Fig. 69-15. 
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0 A lightning arrester to which only the transmission line is connected may be mounted anywhere along 
the line between antenna and building entrance, but usually is at the building entrance as at the right in 

Fig. 69-15. A grounding wire then is run from the arrester to a connection into the earth, and an extension 
or a separate grounding wire is run to a clamp on the antenna mast. No matter where the lightning arrester 
is mounted, the unbroken grounding wire should extend from the mast to the earth connection with no inter-
vening gap. 

The earth end of the grounding wire must be securely clamped or soldered to a low resistance conductor 
that extends unbroken into permanently moist earth, which means earth three feet or more below ground 

level. Cold water pipes on the street side of any water meter are preferred, although any cold water pipe or 
any fixture on such a pipe, as an outdoor hose bib for example, usually is satisfactory. Do not make ground 
connections to pipes carrying gas, oil, hot water, or steam—they (k) not extend unbroken into the earth. An 
effective ground connection may be made with a regular steel grounding rod four feet or more in length and 
preferably coated with copper or zinc. The rod is driven into the earth at any convenient point. 

MAST 

ARRESTER 

LINE 

GROUNDING 
WIRE 
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LINF 
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ARRESTER 

Fig. 69-15. Connections for lightning arresters and grounding wires. 
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Fig. 69-16. Forms of built-in antenna elements. 

BUILT-IN 4NTENN AS. Current models of the majority of receivers are equipped with built-in antennas 
which, when conditions are favorable, allow reception at distances usually up to six or eight miles from 
transmitters. Provision always is made for disconnecting the built-in antenna and substituting an outdoor 
type when necessary. Since a built-in antenna is wholly within the receiver cabinet or console, commonly 
tacked or stapled in place, the antenna location depends on where the set is used. The higher the location 
above surrounding buildings the better are the chances for good reception. Also, the fewer the walls be-
tween the receiver and outdoors the more satisfactory will be the signals. Reception is almost impossible 

in basement apartments below ground level. 

Signal attenuation and wave reflections may be bad in buildings having steel frames or beams. Results 
are better in structures with wood framing, with brick or stone veneer or stucco on wood framing, and with 
solid masonry construction. If, however, these latter buildings have metal lath, a metal roof, metal window 
or door frames, or have metal foil thermal insulation, there are likely to be difficulties. There may be 
trouble also if the receiver with its built-in antenna is placed close to exposed or concealedpipesfor water, 
steam, or gas, or to long metal curtain rods, or metal venetian blinds, or if there is any kind of radiant 
heating system in walls, floors or ceilings. 

Electrical interference often is troublesome. It arises from operation of home appliances, especially 
when they are not in good order, and from defective switches or connections in lighting and power circuits. 
Distances and the number of localities in which built-in antennas are satisfactory are being extended as 
television transmitters are allowed to operate with increased carrier powers. 

In addition to the difficulties due to receiver location, the limited cabinet space imposes a number of 
serious design problems. First, of course, is the matter of obtaining sufficient signal pickup or gain. High 
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gain requires sharply peaked resonant curves and limited frequency response. When frequency response is 
limited it becomes necessary to tune or resonant the antenna for each channel or, at least, for each band of 
frequencies. Another difficulty is that of orientation. Built-in antennas, like all other television antennas, 
are basically half-wave dipoles horizontally polarized. As such they have maximum signal pickup from two 
opposite directions and have minimum pickup from directions at right angles. 

however the orientation may be handled, it is desirable to have the widest possible directional pattern. 
Such a pattern may be attained by making the antenna in the form of a single or double square, rectangle, 
circle, or oval, and mounting it so that all the elements lie in a horizontal plane, as when attached to the 
inside top or bottom of the cabinet. Such forms are shown by Fig. 69-16. All have maximum response in 
the directions of the arrows, there may be reasonably strong response through wide angles on both side, but 
always there is a minimum at exact right angles. 

— 
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Fig. 69-17. Electrical orientation of built-in antennas. 
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The simplest solution of the orientation problem is to fasten the antenna in a fixed position and leave it 
to the operator to turn the entire receiver with its cabinet into a position that allows reception. Probably 
the least simple solution, mechanically, is actual rotation of the entire antenna structure inside the cabinet 
by means of an external control knob. It is possible to secure very nearly the same results electrically. 

One method of electrical orientation is shown in principle at the left in Fig. 69-17. Two dipoles are at 
right angles to each other, with the inner ends of their conductors attached to stationary segments of a 
rotary switch. Two contacts on the switch rotor are connected to the line that runs to the tuner. Turning 
the rotor by means of a lever serves to connect the four antenna conductors in any of the combinations 
shown below the switch diagram. Arrows indicate directions of maximum response for each combination. 

The principle of a different kind of electrical orientation is illustrated at the right. Again there are two 
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Fig. 69-13. Power cords and counterpoises used for, or in connection with, built-in antennas. 
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dipoles at right angles, but connection to the tuner line here is through the capacitance existingletween 
four stationary plates connected to the antenna elements and two rotor plates carrying the twin conductors 
for the tuner. Which pairs of antenna elements are capacitively coupled to the tuner depends on the po-
sition to which the rotor plates are turned by means of a control knob. The several possible combinations 
of elements and the variable capacitive couplings allow maximum response from various compassdirections. 

The problem of tuning or resonating a built-in antenna is simplified by two facts. First, low-band sig-
nals of given field strength are easier to pick up than high-band signals of equal strength. Second, a high-
band antenna is small enough to fit into small cabinet space. As a consequence, most built-in antennas 
are primarily high-band types, usually some modification of a straight or folded dipole. 

O Nlany receivers employ all or part of the built-in antenna connections shown at 1 of Fig. 69-18. Here 
there is a small dipole for high-band reception. The principal pickup for low-band signals is through the 
power cord, from which connection to the tuner is made through the two capacitors shown or, in many cases, 
through a single capacitor from only one side of the power circuit. These coupling capacitors may be as 
small as 30 mmf or larger than 1,000 mmf. 

Between the signal takeoff point and the primary of the power transformer is a filter consisting of r-f 
chokes and bypass capacitors to ground. The capacitors usually are of 0.01 mf size. Sometimes there is 
only one bypass capacitor, and in a few cases there will be only a single r-f choke and one bypass in the 
filter. When a power cord is used as an antenna, the cord should be kept away from large metallic objects, 
should not be kinked, and may be spread out or moved about to obtain best reception. 

As at 2 in Fig. 69-18, a counterpoise wire may be used instead of the high-band dipole in conjunction 
with a power cord antenna. The counterpoise is a long wire tacked or stapled inside the cabinet. In other 
cases, illustrated by diagram j a similar counterpoise may be used to provide improved low-band pickup 
when a small dipole is used for the high band. 

Many built-in antennas utilize the principles of tunable stubs and impedance matching stubs. Some ex-
amples are shown by Fig. 69-19. In examining these devices it should be remembered that a resonant half-
wave dipole acts like a series resonant circuit, having excess capacitance at frequencies below resonance, 
and excess inductive reactance at frequencies above resonance. To tune such an antenna to a lower fre-
quency it is possible to add inductive reactance, or for higher frequency to add capacitive reactance. Vari-
able capacitance for channel tuning usually is provided by an adjustable capacitor, while inductance may 
be added by small .coils or suitable stubs. 

These built-in antennas consist of a short dipole whose naturally high resonant frequency is reduced by 
end loading, which refers to almost any means for increasing the capacitance by enlarging the outer ends of 
the dipole conductors. The conductors may be round, but more often are sheet metal or metal foil. Tuning 
capacitors have minimum capacitances of 2 to 4 mmf and maximums of 30 to 70 mmf or even more. 

Control knobs or handles for tuning or orientation may be above or below the picture tube on the kola of 
the cabinet, or on the back, one side, or top of the cabinet. Tune the antenna after adjusting the contrast 
and fine tuning controls. Do this without getting your arm or body closer than necessary to any „ art of the 

cabinet inside of which the antenna is mounted. 
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Fig. 69-19. Built-in antennas fitted with tuning capacitors. 

For best reception try turning or orienting the cabinet even when there are adjustable orientation con-
trols. Try different locations in the room. Close to a window usually is good. Ghosts or smears often may 
be reduced by moving the receiver to another location. 

Troubles most often are due to antenna conductors touching the chassis or other metal, to loose or dirty 
connections or switch contacts, and to the antenna becoming loose in its supports. No lamps or other large 
metallic objects should be placed on top of the cabinet. 

INDOOR ANTENNAS. Indoor antennas, as distinguished from the built-in variety, may be moved about 
independently of the receiver while remaining connected through a short transmission line. All of the 
troubles resulting from location of receivers having built-in antennas apply to the location of anyindoor an-
tenna. A popular type of indoor antenna is illustrated by Fig. 69-20. Telescoping dipole rods allow vary-
ing the length for tuning or resonating to various carrier frequencies. The rods may be raised or lowered to 
broaden the frequency response. The entire antenna may be rotated for best orientation on each channel. 
An indoor antenna may be placed on top of or alongside the receiver, but usually works best when near a 
window. Some types can be hung on a wall, the higher the better. Never coil the transmission line between 
an indoor antenna and the receiver. 
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Fig. 69-20. One style of indoor antenna which is portable. 

ç; lo tune and orient an indoor antenna commence with the arms nearly horizontal and at right angles to 
the direction of wave travel. For the lowest channels pull the rods all the way out and for the higher chan-
nels shorten them proportionately. Keep both rods of the same length, approximately. Slowly rotate the an-
tenna for best reception. Try raising or lowering one or both rods into various V-formations. If signal field 
strength is high a single adjustment usually is satisfactory for an entire band, but rod lengths usually must 
be changed when going from one band to the other. 

Folded dipole indoor antennas may be made with a length of twin-conductor transmission line as shown 
by Fig. 69-21. Bare the outer ends, twist them together, and solder. At the exact center of the overall 
length bare about inches of one conductor, and cut this conductor at the center of the bared pan. Bare 
the two conductors for about 3/4 inch at the antenna end of the transmission line which is to go to the re-
ceiver. Twist the antenna and line conductors together as shown by the illustration and solder the joints. 
The overall length of the antenna section is determined in the same manner as for any other folded dipole, 
with due allowance for velocity factor of the kind of line being used. 

The antenna of Fig. 69-21 may be concealed behind drapes or in any other inconspicuous place where it 
may be suitably oriented. This type or any other kind of antenna may be mounted in an attic. If the lo-
cation is not too far from transmitters, and if the building does not have a metal roof, an attic is an excel-
lent location. It allows greater height above ground level than any other location, and installation is simple 
because there is no need for substantial brackets or guying. 
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Fig. 69-21. Constructing an indoor folded dipole from transmission line. 
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When trouble occurs in a television or radio receiver you try first to identify the probable cause by noting 
the kind of defects which are apparent in picture or sound reproduction. Failing in this, you may use any of 
a rather wide variety of specialized testing instruments to trace the difficulty to some certain section or 
circuit. But to pin-point the fault as existing in a particular part, connection, or tube you nearly always must 
finally resort to measurements of voltage, current, resistance, or capacitance. 

As you might expect, there are quite a few different instruments and methods which may be used for mea-
surements of theseproperties. We could use a bridge, or possible a dynamometer instrument, or maybe a vane 
type, or ever an electrostatic instrument in some cases. But it is safe to say that more than ninety-five per 
cent of all the television and radio service instruments that measure voltage, current, resistance, or capa-
citance contain a permanent magnet moving coil meter as the indicator. Since this type of meter is so uni-
versally employed we should become acquainted with its characteristics. 

The face of a typical permanent magnet moving toil instrument which has been adapted for use as a volt-
meter is pictured by Fig. 70-1. Concealed by the dial is a large permanent magnet with a cylindrical gap 
in which is mounted the"movement", as pictured at the left in Fig. 70-2. At the right is shown one of these 
magnets built up from a number of thin laminations with all the north poles on one side of the gap and with 
all the south poles on the opposite side. 

A meter movement removed from the magnet is pictured at the left in Fig. 70-3. An important part of the 
movement is the armature, shown at the right. The armature consists ofa number° f turns ofsmall sire wound 
on a bobbin of non-magnetic metal. The armature bobbin is carried by pointed pivots at the front and back. 
These pivots fit into adjustable jewel bearings, usually of natural or artificial sapphires or of special kinds 
of glass, which are supported from the frame of the movement. The indicating pointer is fastened to the arm-
ature bobbin. The armature and pointer may turn in the jewels, but turning is opposed by small coiled hair 
springs whose outer ends are attached to the stationary part of the movement. 

One end of the armature winding is connected to the front hair spring and the other end to tl e rear hair 
spring. Direct current from the circuit being measured is brought to the stationary end of one hair spring, 
through the armature winding and the other hair spring back to the circuit. Fig. 70-4 shows how the front 
and rear hair springs, in series with the armature winding, are connected to the two large terminal screws 
that protrude through the back of the meter case. 

When no current is flowing in the armature winding and the pointer stands at zero on the dial scale the 
relative positions of the armature and thepolepieces of thepermanentrnagnetare as shown at 1 in Fig.70-5. 
Within the air gap of the permanent magnet, where the armature is located, is a strong magnetic field as shown 
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Fig. 70-1. A permanent magnet moving coil meter for measuring voltages. 

at 2. Not shown in the diagram is an additional cylindrical piece of iron which nearly fills the gap and allows 
on either side a space only wide enough for free movement of the armature. When current flows in the armature 
winding this winding becomes an electromagnet with poles and magnetic lines of its own, as shown at 3. 
Direction of armature currentmust be such that its south pole is toward the south pole of thepermanent mag-
net, and the two north poles are toward each other. 

/0 Like magnetic poles repel each other, while unlike poles attract. Consequently, the permanent and electro-
magnetic fields react on each other to turn the armature andattached pointer in the direction of the arrow on 
diagram 3. This turning is opposed bythe hair springs, but in spite of this opposition the armature does turn 
and the pointer moves away from zero and "up scale". The greater the armature current and the stronger its 
resulting electromagnetic field the farther the pointer is moved. 
..) 
A permanent magnet moving coil meter gives indications only when there is direct current in its armature, 

and only when this current flows in the correct direction. A lternating current would pro chr ce an electromagnetic 
field of rapidly alternating polarity. The armature would try to turn firstone way and then the opposite, and 
the result would be merelya vibration of the pointer at the frequency of the applied current. When alternating 
currents are to be measured they firstmust be rectified,and the resultingdirectcurrentput into the armature. 

This type of meter responds only to current in its armature. When the instrument is used as a voltmeter 
we actually are measuring the current which is caused by the applied voltage, but the dial scale is marked 
to read the number of volts causing the current to flow. 

To move the armature and pointer, and hold them in position against tension of the hair springs, requires 
producing and maintaining some certain strength of electromagnetic field by continual flow of armature cur-
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Fig. 70-2. The movement supported in the permanent magnet ( left) and the laminated permanent magnet 

(right). 

rent. There are meters in which 10 microamperes or less of armature current will deflect the pointer all the 
way across the dial scale, but the least armature current for such full-scale deflection in meters for service 
instruments usually is 50 microamperes. Otherlow-current ranges in general use include 100, 200, 250, 400, 
and 500 microamperes, also 1, 5, and 10 milliamperes. 

The greater :he armature current for full-scale deflection the stronger is the electromagnetic field for any 
given number cf wire turns on the armature, the greater is the power available for moving and holding the 
pointer, and the more rugged may be the construction. A 1-milliampere meter easily will withstand the treat-
meatusually given to portable testing instruments with little chance for damage, but a 50-microamp ere meter 
is a delicate irstrument and must ae handled with great care. 

VOLTMETERS AND MULTIPLIERS. A permanent magnet moving coil instrument may be used for indi-
cating very small voltages provided we know the full-scale current and the armature resistance or internal 
resistance of the meter. As an example, assume that we have a meter giving full-scale deflection with cur-
rent of 1 milliampere, and whose internal resistance is 50 ohms. Our regular formula for voltage drop is, 

milliamperes x ohms  
Volts. 

1000 

Substituting the values for the meter of our example gives, 

x 50 50 Volts — 0.050 volt, or 50 millivolts. 
1000 1000 20 
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Fig. 70-3. A movement for a permanent magnet moving coil meter (left) and the armature, hair springs, and 
pointer •( right). 

Thus we learn that the meter will give a full-scale reading when a potential difference of 50 milli-
volts is applied to its terminals, because this will cause 1 milliampere of current to flow in 50 ohms of 
resistance. The scale could be graduated to read uniformly from zero to a maximum of 50 millivolts. Any 
other current meter could similarly be fitted with a scale reading in fractions of a volt, with the full-scale 
reading determined from the formula used in our example. 

If the meter is to be adapted for reading higher volta ges it is necessary to connect in series with the arma-
ture amultiplier resistor which will limit the current to thatcausing full-scalepointerdeflection when apply-
ing the maximum voltage to be measured. Connectons are shown at the left in Fig. 70-6. 

The required total resistance o f multiplier and armature together may be determined from our regular formula 
for resistance, which is, 

Ohms - 1000 x volts  
milliamperes 

A 
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Fig. 70-4. Terminals on the meter case are connected through internal leads to the ends of the hair springs. 

Supposing that we wish to have our 1-milliampere 50-ohm current meter indicate d-c voltages from zero to 
500, what should be the total resistance of multiplier and meter? We use the formula thus. 

1000 x 500 (max volts) Ohms z   
1 ( full-scale milliamps) 

5°°' 0°° 500,000 ohms 
1 

Since the internal resistance of the meter is 50 ohms we could subtract this much from the total required 
resistance and use 499,950 ohms in the multiplier. But this meter or movement resistance is only one-hun-

Fig. 70-5. Permanent and electromagnetic fields in a permanent magnet moving coil meter. 
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dredth of one per cent of the total, and inasmuch as the meter itself hardly ever will be accurate to better 
than one per cent it would be a useless refinement to subtract the internal resistance in this case. A 500, 

000-ohm multiplier would be O.K. 

Supposing now that we wish the full-scale reading to be only 1 volt. By using the same formula we find 
that the total resistance should be 1,000 ohms. The internal resistance of the meter now is 1/20 or 5 per 
cent of the total, and to preserve reasonable accuracy we should subtract the internal resistance from the 
required total, and use a multiplier of 950 ohms. In general, if the internal resistance of the meter is more 
than 1/200 of the total required resistance, the internal resistance should be subtracted from the total in 
determining required multiplier resistance. 

If the full-scale readingof the original currentmeter is measured in microamperes the procedure is similar 

except that we use this formula. 

1 000 000 x full-scale volts  
Total ohms full-scale microamperes 

()When a meter is originally graduated to read volts, or is a voltmeter, you may extend its range by adding 
an external multiplier resistor as at the right in Fig. 7(3-6. A voltmeter nearly always has one self-contained 
multiplier resistor inside the case. To determine the value of the added external multiplier it is necessary 
to know the full internal resistance of the voltmeter, not only its armature resistance but the resistance of 
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Fig. 70-6. How external multipliers are connected to a current meter and to a voltmeter. 
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the armature plus the built-in multiplier. Then we proceed to compute the resistance required in the multip-
lier plus the meter, and from this subtract the meter resistance to find the remaining resistance required in 
the multiplier. The formula for total resistance of multiplier plus meter is, 

Total required full-scale reading, volts x meter resistance, 
ohms .1 original full-scale reading, volts ' ohr.,b 

For an example, say that we have a voltmeter whose full-scale reading originally is 5 volts, whose resis-
tance is 5,000 ohms, and that we wish to make the full-scale reading 100 volts. With these values in the 
formula we have, 

Total 100 x 5000 • 20 x 5000 100,000 ohms 
ohms 5 

From this total we must subtract the amount of resistance already in the meter, which is 5,000 ohms in 
our example. Taking 5,000 from the total of 100,000 ohms leaves 95,000 ohms as the required resistance for 
the external multiplier. 

To make a multi-range voltmeter it would be necessary only to arrange for switching multipliers of various 
values in series with the meter. To the 5-volt meter we might add ranges of 50 volts and 500 volts. A meter 
might be provided with ranges of 21/2, 10, 50, 250, and 1,000 volts, or with any other desired combination. 

(V" CURRENT METERS AND SHIATS. A meter will make direct measurements of currents no greater than 
those which cause full-scale deflection of the pointer. larger currents may be measured by sending most of 
the current through a shunt resistor and letting only partof the total flow in the meter armature. Connections 
are shown by Fig. 70-7. 

\ ARMATURE 

R 

MEASURED 

CURRENT 

Fig. 70-7„ Connection of a shunt to a current meter. 
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The value of shunt resistance is most easily figured out in steps, as follows. 

a. Divide the desired larger full-scale current by the smaller original full-scale current. Use the same unit 

for both currents; m icroamperes, milliamperes, or ampers. 
b. From the quotient obtained in step a subtract 1. 
c. Divide the number ofohms of meter or armature resistance by the number obtained in step b. The ans-

wer is the required shunt resistance, in ohms. 

For an example assume that w e wish to measure from zero to 10 milliamperes with a meter origin allyh Ewing 
full-scale deflection on 2 milliamperes. Assume further diat the resistan ce of this meter is25 ohms. here are 

the steps of computation. 

10 (milliam eres) 
a. Divide. 5 2 mil iamperes) 

c. Divide. 

Note that this shunt resistance is 1/4 of the meter resistance. Therefore, the shunt will carry 4 times as 
much current as the meter. When the meter itself is carrying 2 milliamperes, for full-scale deflection, the 
shunt will be carrying 4 times 2, or 8 milliamperes. Then the total of meter and shunt currents will be 10 

milliamperes, which is the current desired for full-scale deflection. 

RESISTORS FOR SHUNTS AND MULTIP LIERS. In addition to determining the value o f resistance required 
for shunts or multipliers we must consider the watts ofpower which they will have to dissipate as heat. The 
safe and easy way to figure the power dissipation for multipliers is to square the number of volts at full-
scale reading with the multiplier in use, then divide this result by the number of ohms in the multiplier. 

For example, assume a full-scale reading of 100 volts with multiplier resistance of 200,000 ohms. Wepro-

ceed thus. 

b. Subtract. 5 — 1 4 

25 (ohms in meter) 6% ohms or 6.25 ohms for the shunt. 
4 

a. Squaring the full-scale volts, 100, gives 10,000. b. Dividing 10,000 by 200,000 (multiplier ohms) gives 1/20 watt as the actual power dissipation in the 

form of heat. 
Always use a multiplier resistor rated for at least twice,and preferably for three to four times the number 

of watts thus computed, in order that the resistor may remain cool. In our present example the multiplier 
resistor mit be selected as of 1/4 or 1/2 watt rating. Unless you are measuring more than 100 volts with 
a meter taking 1 milliampere or more of current for full-scale deflection, a 1/2- watt multiplier resistor is 

amply large. 
Fora shunt resistor, when current is measured in milliamperes, thewatts ofpowerdissipation maybe found 

as follows. 

a. Square the number of full-scale milliamperes, with the shunt in use. 
b. Multiply the result of step a by the number of ohms in the shunt resistor. 

c. Divide the result of step b by 1,000,000. 

here is an example. We have a 61/4-ohm shunt and full-scale current of 10 milliamperes when the shunt is 

in use. The steps are as follows. 
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Fig. 70-8. Measuring approximate internal resistance of a meter. 

a. Square 10 ( full-scale milliamperes), which gives 100. 
b. Multiply 100 by 6% (ohms in shunt), which gives 625. 
c. Divide 625 by 1,000,000, which gives 0.000625 watt as the dissipation. 

If current is measured in microamperes we should use the number of full-scale microamperes in step a, and 
in step c should divide by 1,000,000,000,000. It becomes fairly obviousthat a 1/2- watt resistor will be large 
enough for practically any shunt used in service instruments. 

The tolerance of multiplier and shunt resistors should be no more than half of the rated accuracy of the 
meter itself, with both expressed as percentages. That is, with a meter of 2 per cent accuracy the multiplier 
or shunt resistor should have tolerance ofno more than 1 per cent. Such tolerances are foundonly in precision 
resi stors or else in ordinary resistors which have been carefully measured and selected for suitable accuracy. 

The resistors maybe wire wound, carbon, or composition types when measurements are to be of direct cur-
rents or voltages. When permanent magnet moving coil meters are used with rectifiers for measuring alter-
nating currents or voltages, multiplier and shunt resistors should not be of wire wound types, unless of 
special non-inductive construction, for frequencies higher than about 1,000 cycles. The inductan ce of ordinary 
wire wound resistors would seriously affect readings at higher frequencies. 
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METER RESISTANCE. %hen it is necessary to measure the internal resistance of a current meter it may 
be done as shown by Fig. 70-8. First, connect in series with the meter a single dry cell and a protective 
resistor which ill limit the pointer deflection to something less than full scale. For a reading of 3/4 scale 
you can compute the value of protective resistance by dividing 2,000 by the number of milliamperes full-
scale reading. Then carefully note the initial reading of the meter. 

With the dry cell and protective resistor still connected to the meter, connect across the meter terminals 
an additional adjustable resistor of 500 ohms orless. Set this adjustable resistor to bring the meter reading 
down to exactly half of the initial reading. Hesistance of the adjustable unit now is approximately equal to 
the meter resistance. The adjusted resistor may be measured with a resistance bridge or an ohmmeter. This 
is not a precision method for measuring meter resistance, because actual resistance of the meter will be 
somewhat greater than that of the adjusted resistor. The results will be more nearly correct when using a 
relatively large number of dry cells in series and inserting enough additional protective resistance to limit 
the meter current to less than the full-scale value. 

Never attempt measuring the internal resistance of a current meter by connecting a resistance bridge or 
an ohmmeter directly to the meter terminals. Current from either of these measuringinstruments might easily 
exceed the maximum safe current for the meter being checked. 

 o 

TO 
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VOLTAGE 
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Fig. 70-9. Connections of voltmeters ( V) and of current meters ( A) to measured circuits. 
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If a voltmeter has a full-scale range of 30 or more volts, its internal resistance usually may be measured 
by direct connection of an ohmmeter to the voltmeter terminals. The 30- volt limit is specified because few 
ohmmeters contain batteries furnishing more than this voltage. If the ohmmeter is known to contain a battery 
of less voltage it may be used for checking voltmeters having full-scale range equal to or greater than vol-

tage of the ohmmeter battery. 

METLR CnANECTIONS. As shown at / in Fig. 70-9, a voltmeter always is connected to the points be-
tween which voltage drop is to be measured. This places the meter in parallel with the circuit or portion of 
the circuit wherein voltage drop is to be measured. The measured circuit is not opened, and the meter never 
is connected in series with the circuit unless the purpose is only to check the voltage or emf of the source 
which is acting in the circuit. Placing the high resistance of a voltmeter in series with a circuit prevents 
flow of normal current and allows only as much current as may pass through the voltmeter resistance plus 
the circuit resistance. Then the meter will indicate the source voltage under no-load conditions, or with 
practically no current being taken from the source. 

The positive terminal of the voltmeter should go to the point which connects more or less directly to the 
positive of the source, if this is known. Service types of voltmeters will withstand application of reversed 
voltage as great as the full-scale range in the normal polarity. If the meter pointer moves off scale below 
zero it is simply necessary to reverse the connections to the meter or to the measured circuit. The meter will 
not have been harmed. 

When an external multiplier is used on a voltmeter, as at 2 in Fig. 70-9, one end of the multiplier is con-
nected to either one of the meter terminals and the other end of the multiplier is connected to the measured 
circuit. It makes no difference to which terminal of the meter you connect any multiplier, it still will be in 

series with the meter. 

o use any current measuring meter the measured circuit must be opened, as in diagram 3, and the meter 
connected between the opened ends of the circuit. That is, a current meter must be connected in series with 
the circuit whose current is to be measured. Thepositiveterminalof the meter should go toward the positive 
side of any source acting in the measured circuit, if this is known. A reversed connection will do no harm 
if current does not exceed the full-scale meter current in normal polarity. 

When an external shunt is used with a current meter, as at 4 in Fig. 70-9, the shunt is connected in series 
with the circuit whose current is to be measured. Then the meter is connected across the shunt or in parallel 
with the shunt. Connections between the external shunt and the current meter must be clean and tight. If a 
shunt has been furnished as part of the meter assembly, use no connections between meter and shunt other 
than those originally supplied, since the resistance of these connections orleads has been considered when 
calibrating the meter. 

CD  If a d-c meter of any kind is connected to or into an a-c circuit the meter will give no reading, but may be 
burned out by excessive voltage or current. A d-c meter ordinarily will suffer no damage w hen connected to 
or into a circuit wherein the direct current or voltage is accompanied by an alternating component, as occurs 
when measuring in circuits connected to It-power supplies. Thepeaks of alternating component will not ex-

ceed the normal overload capacity of the meter. 

READING THE METERS. Unless permanent magnet moving coil meters are fully enclosed within iron or 
steel cases or housings, you must keep them separated by six inches or more. Otherwise theperrnanent mag-
net fields of each instrument will affect the readings of others. Keep meters away from power transformers, 
chokes, and other parts producing strong magnetic fields, whether or not the meters are in use. A-c fields 
tend to weaken the permanent magnets which are in the meters. 
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Fig. 70-10. A zero adjuster and the manner in which it moves the pointer. 

Take readings only while the meter is in the position for which it is designed,or only while any instrument 
containinga meter is in thisposition. If a meter or an instrument is designed to standupright, with themeter 
face verti cal, take readings only in this position. If the meter is intended to be horizontal or ata slant, take 
readings only in the appropriate position. 

If a meter is originally' mounted in a steel panel it has been calibrated to read correctly under this condi-
tion, and will give incorrect readings when notso mounted. A meter which has not been calibrated for moun-
ting in a steel panel must be mounted only in some kind of non-magnetic panel, aluminum for example. 

Practically all meters are provided with zero adjusters on the front of their housings or cases. The ad-
juster usually is in the form of a small screw head, such as the one you can see in Fig. 70-10. The screw 
head has been painted white to make it show up more clearly. Turning the adjuster will bring the pointer to 
the exact zero position or will move it away from zero in either direction. The adjuster pictured has been 
turned intentionally to the wrong position, and the pointer has been moved to the right of its correct zero 

position. 

Before voltage or current is applied to any meter you should observe whether or not the pointer stands at 
zero. It is a good idea to jar the meter very slightly, in case the pointer should be sticking or dragging.' f 
the pointer then is not at zero, carefully turn the adjuster to bring it there. 

The meter of Fig. 70-10is a zero- center type. In all such meters the pointer normally stands at tbe center 
of the dial scale, where the reading is zero. There are equal graduations and equal ranges of voltage or cur-
rent measurements on both sides of zero. 
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When using any meter you must take every reasonable precaution to protect it from damaging overloads. 
Most meters in service instruments will withstand current or voltage up to at least one and one-half times 
their full-scale range, and many will withstand twice the full-scale value without damage. Any greater cur-
rent or voltage probably will burn out the armature winding, or an internal shunt or multiplier or, at least, 
will cause bending of the pointer. Any of these accidents means a costly repair job by a meter specialist. 

Œ)If you are working with any multi-range meter, of which one style is pictured by Fig. 70-11, make it an 
invariable rule to set the range selector for the highest range of voltage or currentwhen commencing a test. 
If the reading then is within the next lower range you may change the selector to that lower range, or to a 
still lower one if it covers the indicated voltage or current. One other rule, which cannot be overstressed, 
is to leave the range selector in the position for measuring highest d-c voltage — then you or someone else 
making some following test won't inadvertently connect a 10-volt range into a 500-volt circuit. 

With a single range meter it ordinarily is a case of your knowing the circuits well enough to be sure that 
the meter won't be overloaded when the voltage or current is applied. Technicians who work with costly in-
struments often fit them with a shunt which, when connected, will drop the reading to something like a tenth 
to a fifth of the normal indication. They have this shunt connected when first applying current to the meter. 
If the reading does not go above a tend to a fifth of full scale, the shunt is disconnected and readings are 
taken in the usual way. A voltmeter may be similarly protected with a high-resistance multiplier. 

SENSITIVITY OF METERS. The sensitivity of a current treasuring meter is specified as the number of 

amperes, milliamperes, or microamperes which will cause full-scale deflection of the pointer. When, for ex-
ample, we speak of a one-milliampere meter we are referring to the sensitivity of an instrument which will 
eve full-scale deflection when carrying current of one milliampere. 

Fig. 70-11. The range selector switch of this multi- range instrument is directly below the meter. 
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Sensitivity of d-c voltmeters usually is expressed as the number of ohms resistance per volt of full-scale 

deflection. When we say that a voltmeter has sensitivity of 1,000 ohms per volt me mean that the total in-
ternal resistance, including any built-in multiplier, is 1,000 ohms multiplied by the number of volts at full 
scale. If this meter has full-scale deflection of 10 volts thetotal internal resistance is equal to 1,000 (ohms 
per volt) times 10 ( full-scale volts), or is 10,000 ohms. Were the sensitivity 20,000 ohms per volt, and the 
full-scale reading 50 volts, the internal resistance would be 20,000 times 50, or mould be 1,000,000 ohms. 
All this applies to each range of a multi-range voltmeter, the resistance for each range is found from the 
sensitivity and the full-scale voltage of that particular range. 

When knowing the sensitivity of a voltmeter in ohms per volt the full-scale current innilliamperes is de-
termined upon dividing 1,000 by the number ofohms per volt. For instance, with any voltmeter rated at 1,000 
ohms per volt me divide 1,000 by 1,000 to find that the full-scale current must be 1 milliampere. If the sen-
sitivity is 20,000ohms per volt we divide 1,000 by 20,000 to find that full-scale current is 1/20 milliampere 
or 50 microamperes. When using this method the voltage range of the meterhas no bearing on full-scale cur-
rent. That is, a meter whose sensitivity is 1,000 ohms per volt always takes 1 milliampere at full-scale no 
matter what the full-scale voltage may be. A meter rated at 20,000 ohms per volt always takes 50 micmam-
peres at full scale, for any voltage range, and so on. 

We have used sensitivities of 1,000 ohms per volt and of 20,000 ohms per volt in many examples because 
most service voltmeters have either one or the other of these two ratings. There are some meters with sen-
sitivities of 5,000 ohms, 10,000 ohms, and 25,000 ohms per volt, but they are not very common. 

The greater the sensitivity of a voltmeter the more nearly its readings will approach the circuit and element 
voltages which exist with no meter connected, while a low- sensitivity meter may introduce a considerable 
error. The reason for this is illustrated by Fig. 70-12. At / is shown a series circuit containing a source of 

250 volts and two resistors of 75,000 ohms and 50,000 ohms,a cross which the voltage drops are respectively 
150 volts and 100 volts in normal operation. Current is 2.00 milliamperes everywhere in this series circuit. 

We will now work out the actual reading which would be obtained when using a voltmeter having a 

sensitivity of 1,000 ohms per volt, and the voltmeter is set on the 250 volt range. 

The meter multiplier will now be 250 x 1,000 = 250,000 ohms, and this will be placed in parallel 

across the 75,000 ohms, and the total resistance will now equal: 

250,000 x 75,000 _ 18,750,000,000  57,692 ohms 
250,000 + 75,000 325,000 

The total resistance in the circuit will now be: 

57,692 + 50,000 = 107,692 

The current flowing in the circuit will equal: 

1 000 x E 1,000 x 250 _ 250,000 _ 2.3 MA 
R = 107,692 107,692 

The voltage drop across the 75,000 ohm resistor and the meter will be: 

57,692 x 2.3  
1,000 1,000 

132 volts approximate 

The percentage error will equal the difference between the actual 150 volts present with no volt-

meter in the circuit, and the 132 volts which is indicated by the voltméter, which will equal adiffer-

ence of: 

A 



150 
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METER RESISTANCE 250,000 

OHMS 

75000 OHMS 

150 VOLTS 

SOURCE 

250 V 
2.00 MA 

50300 OHMS 

W V-
100 VOLTS 

Fig. 70-12. There is considerable error when measuring high-resistance circuits with a voltmeter of low 
sensitivity. 

AETER RESISTANCE 

5,000,000 

OHMS 
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150 - 132 = 18 

18 
x 100 = 12% 

The voltmeter which will now be used will be 20,000 ohms per volt, and the meter multiplier will 
now equal 250 x 20,000 = 5,000,000. The multiplier of the voltmeter will be placed in parallel with 

the 75,000 ohm resistor, which will now equal: 

5,000,1)°0 x 75'0°0 - 375,0°°,000,0°0 = 73,891 ohms approximate. 
5,000,000 + 75,000 - 5,075,000 

The total resistance in the circuit equals 73,891 + 50,000 = 123,891 

Current in the circuit equals: 

1 000 x E _ 1,000 x 250 _ 250,000 = 
2.01 MA 

11 - 123,891 123,891 

The voltage drop across the 75,000 ohm resistor and the meter will be: 

IR 73,891 x 2.01  

1,000 1,000 
148.52 volts 

The percentage error of the actual voltage measured equals: 

(3 The high- sensitivity meter causes relatively little error because its own resistance is far greater than 
the resistance across which the measurement is taken, while the low- sensitivity instrument causes large 
error because its own resistance is comparable with the resistance across which voltage is measured. A 
high-sensitivity voltmeter is needed when measuring high-resistance circuits, but a meter of lower sensi-
tivity may be satisfactory for measurements across low resistances. Were there a resistor of 10,000 ohms 
in the circuit of Fig. 70-12, the 1,000ohms per volt meter would measure the drop with an error ofonly about 
3 per cent. 

1.48 x 100  
.98% 

150 

A 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.70 — Page 16 

+2% AT 

FULL SCALE 

Fig. 70-13. Two per cent accuracy at full scale, and what it may mean at lower readings. 

ACCURACY OF METERS. The accuracy of a meter usually is expressed as the percentage of the full-
scale reading by which indications may he in error. The percentage of accuracy ordinarily is " plus or minus", 
meaning that readings may be either too low or too high by the stated percentage. l et's see what this may 
mean in practice. 

Assume that we have a meter 0f2 per cent accuracy. The full-scale reading is 100 of any unit; volts, mil-
liamperes, microamperes,or anythingelse. Such a dial scale is shown by Fig. 70-13. The possible deviation 
of the pointer from a correct reading may be 2 units high or 2 units low, not only at full scale but also any-
where else. Should the meter be indicating 50 units the correct reading might be anything between 4R and 
52. When indicating 25 units the correct reading might be between 23 and 27. The closer we come to zero 
the greater may be the error, as a percentage of the indicated value. 

Accuracy at the low end of the scale seldom is so bad as you might expect from this interpretation of the 
possible error, but it is advisable to take readings well up on the scale when the meter ranges a-re such as 
to allow doing so. Accuracy is not uniform at all points nor does it vary uniformly from end to end of the 
scale. There could be less error low down on the scale than higher up; it all depends on how the meter has 
been calibrated. 

Service types of d-c voltage and current meters most often are of 2 per cent accuracy, although meters 
with 1 per cent accuracy are fairly common. Accuracies of 1 per cent and of 1/2 of one per cent are com-
monly used for factory production testing, while 1/1 to 1/10 of one per cent accuracy will be found in labo-
ratory instruments and in meters used for checking the accuracy of other meters. 

ALTERNATING CURRENT METERS. There are many types of meters well suited for measuring voltage 
and current at power line frequencies in low resistance circuits. Most of these meters, in the lower price 
ranges, contain a coil of wire in which flows alternating current taken from themeasured circuit. The alter-
nazing magneti c field magneti zes two iron vanes in like polarities at every instant. Since like polarities repel, 
the vanes push apart. One vane is stationary, while the other is attached to a part of the movement that 

carries the pointer. Deflection of thepointer due to the magnetic repulsion is opposed by hair springs as the 
pointer moves across the dial scale. 

()Meters of this general kind are called iron vane types or maybe called moving iron types. Their principal 
use in television andradio servicing is for measurementof a-c power line voltages and the low a-c voltages 
in heater and filamentcircuits. The inductive reactance of the meter coil and iron vanes is too great to allow 
using these meters at audio frequencies, and they are entirely useless at radio frequencies. A rather large 
current is required for full-scale deflection, which makes this type of instrumen t unsuitable for measurements 
in high-resistance low- current circuits. 

RECTIFIER METERS. Reasonably accurate measurements at audio frequencies as well as at power line 
frequencies may be made by rectifying the a-c voltage taken from the measured circuit and putting the rec-
tified direct current through a permanent magnet moving coil meter. The combination is called a rectifier 
meter. Rectifier meters may have current sensitivities as low as 100 microamperes, but for use in service 
instruments they usually require approximately 1 milliampere for full-scale deflection. 
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Instrument rectifiers most often are contact types employing copper oxide or selenium discs. A unit con-
taining four complete rectifier elements is shown at theleft in Fig. 70-14. Thisunitactually is only1/2 inch 
high, 1/4 inch wide, and 1/4 inch from front to back. At the right is apicture ofa small rectifier unitmounted 
on the inside of the back of a meter case, and connected to the armature circuit of a permanent magnetmoving 
coil instrument, which thus becomes a rectifier meter. The permanent magnet has been removed for making 
this picture. 

Instrument rectifiers are rated as to a- c voltage and direct current. The voltage is the maximum effective 
or r- m-s voltage which may be applied to the rectifier, while current is the resulting d-c output for the meter 
movemen t. 

Four rectifier elements maybe used in a full- wave circuit as at I in Fig. 70-15. When alternating voltage 
at the input is momentarily of the polarity indicated by full- line arrows, electron flow is through rectifiera, 
die d-c meter movement, and rectifier b. When alternating polarity reverses at the input the electron flow is 
as shown by broken- line arrows, through rectifier c, the meter movement, and rectifi er d. Electron flow through 
the d-c meter movement is in the same direction with both polarities of alternating input, consequently the 
meter always carries direct current in its movement. 

Fig. 70-14. A four- element full- wave ins4rument rectifier ( left) and how such a rectifier is mounted inside a 
meter ( right). 
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Fig. 70-15. Full-wave and half-wave connections for rectifier meters. 

A full- wave circuitusing only two rectifier elements is shown by diagram 2. Two of the rectifier elements 
of the first diagram have been replaced with resistors to complete the circuits for both alternating polarities 
while preventing short circuiting of the a-c input. 

A half-wave circuit using two rectifiers sometimes is arranged as in diagram 3. Electrons flow during the 
alternating polarity indicated by full- line arrows goes through the d-c meter movement and rectifier a. During 
the opposite polarity the electron flow is through rectifier b, but not through the meter movement. Another 
half- wave circuit which employs only one rectifier element is shown at 4. Only one of the alternating polari-
ties is rectified to furnish direct current for the meter movement. Electron flow during the opposite polarity 
goes through the resistor. 

RECTIFIER METER SCALES. Resistance of a contact type instrument rectifier is somewhat greater for 
low currents than for high ones which are within the rated limit forthe unit. The result is crowdingor cramp-
ing of the low end of the dial scale. The effects on dial markings for a particular rectifier meter are illus-
trated by Fig. 70-16. The upper scale, for d- c volts or current, is uniformly divided from zero to maximum. 
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D-C VOLTS OR CURRENT 

4 5 6 

A-C VOLTSJ 

OR CURRENTS 

'3 7 

Fig. 70-16. Crowding at the lower ends of scales for rectifier meters. 

S) 

The bottom scale, for 21/2 a-c volts, shows very decided crowding at the low end and spreading at the high 
end. With this scale in use there will be only small multiplier resistance, or maybe only the rectifier resis-
tance in series with the meter movement. Then the unequal graduations at opposite ends of the scale are 
due almost entirely to varying resistance in the rectifier unit.. 

The middle scale, for 10 a-c volts or 10 a-c milliamperes, still is not uniform but it is not so crowded at 
its low endas the 2'/2-volt scale. This is because we now will have in series or in paralledwith the rectifier 
a considerable amount of multiplier or shunt resistance, whose value does not change with variations of 
current. The unvarying series or shunt resistance maintains the total effective resistance fairly constant in 
spite of changingresistance in the rectifier unit. Scales for still greater voltages or currents will have about 
the same distribution of graduations as on this 10- volt scale. 

Multiplier and shunt resistors may be used with rectifier meters for increasing the range. The required 
resistances cannot be computed with the simple formulas used ford-c meters. This is partly because pointer 
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travel actually is proportional to the average value of a-c voltage, although the dial is graduated in effective 
or r-m-s values, and also because energy loss in the rectifier unit will vary between low and high ranges. 

Multipliers and shunts always must be connected to the a- c input terminals as marked in Fig. 70-15, never 
directly to the terminals of the d-c movement. This latter connection would allow the full applied voltage or 
current to act on the rectifiers, and they would be destroyed. 

RECTIFIER METER SENSITIVITY AND ACCURACY. Rectifier voltmeters ordinarily have sensitivities 
nogreater than 1,000 ohms per volt, although sensitivities of 2,000 and even as high as 5,000 ohms per volt 
sometimes are found. The low sensitivity allows using a meter movement and rectifier units which will carry 
approximately one milliampere at full scale. When current is much smaller than this, the relations between 
a-c voltage applied to the rectifier and its d-c outputare likely to be rather erratic, and the indications less 
reliable. 

The accuracy of a rectifier meter can, of course, be no better than that of the d-c movement which is part 
of the meter. Accuracy becomes poorer with increase of frequency, or when there is a considerable d-c corn-
ponent, or when applied voltage or current is not of sine wave form, and when the meter is used at very low 
or very high temperatures. Even under favorable conditions the accuracy seldom is better than plus or minus 
5 per cent of the full-scale reading. 

Frequency error results chiefly from the fact that the rectifier elements act like small 'capacitors to by-
pass more and more current as frequency increases. Readings are lowered by about 1/2 per cent per 1,000 
cycles. In spite of this frequency error, rectifier meters are commonly used for all audio- frequency measu-
rements where only approximate values or comparative values are required. 

If used on pure direct voltage or current a rectifier meter will read about 11 per cent too high. This is be-
cause these meters are actuated by avera,ge a-c values (0.636 of peak value), are calibrated to read effective 
sine wave values(0.707 of peak value), and the effective value is about II per centgreater than the average 
value. When there is a greater or less d-c component along with the a-c voltage or current the meter will tend 

to read somewhat too high. 

Rectifiermeters are calibrated for sine wave voltages or currents. On other wave- forms there may be serious 
error. If the peaks of actual voltage or current are flatter than those of a sine wave we are approaching a 
direct current, and the meter will tend to read too high. If peaks are sharper than those of a sine wave the 
meter will tend to read too low, This waveform error is increased by presence of harmonic frequencies along 

with the fundamental. 

Rectifier meters are calibrated for use at some certain temperature, usually at 68° For at 77° F. At higher 
temperatures the instrument rectifier delivers more direct current for a given applied voltage, but its resis-
tance increases. There are opposite effects at lower temperatures. The changes combine to make the meter 
read too low at temp eratures which are either above or below the calibration temperature. T hese m eters usually 
are most reliable when used at temperatures between 55° F and 90° F. 
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USING THE VOLT-OHM-MILLIAMMETER 

We have learned how to measure voltages and currents, both direct and alternating. In what may be 
called the basic methods of trouble shooting in television and radio circuits you will measure voltages 

as often as all the other circuit properties combined. We discussed current measurements along with 
those of voltage largely because the same general type of meter is used in both cases, but current meas-
urements are not very often required in service work. What we do require, next to voltage measurements, 

is the ability to make rapid and reasonably accurate measurements of resistance. 

Although the requirements of rapidity and reasonable accuracy are best satisfied with the instrument 
called an ohmmeter, there are other ways of measuring resistance with only a voltmeter or with a voltmeter 
and a current meter. Before commencing work with ohmmeters we shall look very briefly at some of these 
other methods, for surely you will hear of them and will want to know how they work. Connections are 
shown by numbered diagrams in Fig. 71-1, and methods are described in following paragraphs of corres-

ponding numbers. 

1. Connect the unknown resistance in series with a known resistance and a source of voltage. Measure 
the voltage drop across the known resistance (full-line connections) then across the unknown (broken 

lines). Use this formula. 

Unknown volts across unknown resistance x ohms of known resistance  
ohms volts across known resistance 

This method is quite satisfactory with a high-sensitivity voltmeter and when the two resistances are 

not very greatly different from each other. 

2. Connect the unknown resistance in series with a voltage source and the voltmeter, and read the 

voltage. Short circuit the resistance and again read the voltage. 

Unknown meter resistance in ohms difference between the 
ohms — volts without short circuit X two reading volts 

Unless the unknown resistance is large in comparison with the meter resistance the difference between 

the two readings will be hard to determine with accuracy. 

3. Connect one end of the unknown resistance to one -erminal of a voltage source. Measure the source 
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MILLI-

MiMETER 

IILLI-

AMMETER 

Fig. 71-1. llow resistance may be measured with voltmeters and ammeters. 

voltage, then measure the voltage across the source and unknown resistance in series. Make the : ompu-
tation as follows. 

a. Divide the source voltage by the voltage measured across the source and unknown resistor. 
b. Subtract 1 from the quotient obtained in step a. 

c. Multiply the result of step b by the number of ohms of meter resistance. The answer is the un-
known resistance. 

4. Connect the unknown resistance in series with a milliamineter and a source of voltage. Connect a 
voltmeter across the resistance. 

Unknown 1000 x volts across resistor 
ohms milliamperes 
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This connection is suitable for measuring small resistances. The milliammeter is carrying the volt-
meter current in addition to current in the resistance. 

5. The voltmeter here is connected across both the unknown resistance and the milliammeter. Compu-
tation of unknown resistance is the same as at 4. This connection is suitable for measuring large unknown 
resistance. The voltmeter measures the drop across both the resistance and the milliammeter. 

All the foregoing methods are slow because you have to take two readings and use arithmetic to deter-
mine the unknown resistance. They are, however, useful when you have no ohmmeter at hand. 

OHMMETERS. An ohmmeter is an instrument which gives direct readings of the number of ohms re-
sistance in any part to which the ohmmeter terminals are connected. The principle employed with one 

type of ohmmeter is illustrated by Fig. 71-2. In diagram 1 we have a series circuit containing a 1-milliam-

pere 50-ohm current meter, a fixed resistor of 1,450 ohms, and a dry cell whose potential difference is 1.5 
volts. Neglecting the relatively sinall resistance of the dry cell, the total resistance of this series circuit 
is 1,500 ohms, as made up of the resistances of the meter and the fixed resistor. The circuit is open be-
tween terminals X and X. Therefore, there is no current flowing, and the meter pointer will not move. An 
open circuit is the equivalent of an infinitely great resistance, so we may say that a maximum reading of 

the meter indicates infinite resistance between terminals X and X. 

METER 
1 MA 

SO OHMS 

OPEN 
CIRCUIT 

READING 
1.0 MA 

SHORT 
CIRCUIT 

READING 
0.5 MA 

Fig. 71-2. The elementary principle of the "series" type ohmmeter. 

OHPS 
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In diagram 2 there is a short circuit or a connection of wholly negligible resistance between terminals 
X and X. Now we have 1.5 volts from the dry cell acting on the total circuit resistance of 1,500 ohms. 
Your regular formula for current will show that the meter, and the remainder of the circuit, will be carrying 
current of 1 milliampere. We may say that a 1-milliampere reading or a full-scale pointer swing of this 
meter indicates that there is zero resistance between the terminals. 

In diagram 3 there is connected between terminals X and X a resistance of 1,500 ohms, which is exactly 
equal to the resistance of the remainder of the circuit. With 1.5 volts from the dry cell acting on this in-
creased resistance of 3,000 ohms in the entire circuit the current will be 0.5 milliampere, as indicated by 
the meter. You may compute this value of current by using our current formula with 1.5 volts and 3,000 
ohms. Then we may say that a meter reading of 0.5 milliampere indicates that resistance of 1,500 ohms is 
connected between the terminals. 

We may compute the currents and meter readings for various other resistances connected between termi-
nals X and X always using 1.5 volts as the potential difference, and for total resistance adding together 
the initial circuit resistance of 1,500 ohms and whatever resistance is connected between the terminals. 
As examples, you will find that 500 connected ohms allows a reading of 0.75 milliainpere, that 1,000 ohms 
allows 0.60 milliampere, that 3,000 ohms allows 0.33 milliampere, and so on. 

It is apparent that the dial scale of the meter may be graduated to read in numbers of ohms connected 
between terminals X and X instead of being graduated in milliamperes. If we compute the values of current 
for a great many connected resistances, and mark these resistances on the meter scale the result will be 
as shown by Fig. 71-3. Thus we shall have constructed a direct reading ohmmeter. 

The various resistance values are well spread out at the right-hand end of our ohmmeter scale, but be-
come continually more crowded toward the left. When resistances are fairly small, say no greater than 

2,000 ohms, it is quite easy to read or estimate changes as small or even smaller than 50 ohms. But up 
around 20,000 to 30,000 ohms we could estimate no closer than differences of several thousands of ohms, 
and above 30,000 ohms it is not worth while to insert any graduations. We would describe our ohmmeter as 
measuring from zero to 30,000 ohms, with a center-scale reading of 1,500 ohms. 

Fig. 71-3. The ohmmeter scale is open at low resistances, crowded at high resistances. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.71 — Page 5 

CALIr3RATING 
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Fig. 71-4. The series ohmmeter circuit with added adjustments for zero ohms and for original calibration. 

As the ohmmeter is continued in use the dry cell will become weaker and will force less and less cur-

rent through the meter with any resistance tested. deadings then will indicate resistances greater than 
actual resistances of parts being tested. To compensate for a limited decrease of cell voltage we may 
alter the original circuit as shown by Fig. 71-4. Across the meter we have connected an adjustable shunt 
consisting of 250 ohms fixed resistance in series with a 50-ohm variable unit which will be called the 
"Zero Ohms" adjuster. Increasing the adjustable shunt resistance as the dry cell gets weaker will cause 
less current to flow in the shunt and more in the meter, thus preserving the original indications for meas-

ured resistances. 

Parallel resistance of the meter and shunt is less than that of the meter alone. The decrease of cir-

cuit resistance is compensated for by providing an increased resistance in series with the dry cell and 
test terminals. This is done by replacing the original 1,450-ohm resistor with a 1,400-ohm fixed resistor 
in series with a 100-ohm adjustable unit, which is called the calibrating resistor. The calibrating resistor 
is adjusted permanently by inserting a fresh dry cell, shorting the test terminals, setting the zero ohms 
adjuster for minimum meter deflection, and adjusting the calibrating resistor to bring the meter to full scale 

or the zero ohms position on the dial. 

10 Shunting resistance in Fig. 71-4 is suitable for a meter having 50 ohms internal resistance. When total 
series resistance is high in comparison with meter resistance, adjustment of the shunt as the dry cell 

weakens will not materially alter the accuracy of the instrument. Before proceeding to measure any re-
sistance connected to the test terminals we short circuit these terminals while using the zero ohms ad-

juster to bring the meter pointer to zero on the ohms scale. 
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To alter the maximum and center-scale ohms ranges of the type of ohmmeter being examined it is neces-

sary to use a meter of different sensitivity, or to use more or less battery voltage, or to do both at the 
same time. The maximum measurable ohms always will be 20 to 25 times the center-scale reading. Compu-

tations are most conveniently based on center-scale readings. When we select a certain number of ohms 

as the desired center-scale reading, this also will be the combined resistance of the meter and the re-

sistance to be connected in series with the meter, battery, and test terminals. Here are formulas for re-
quired meter sensitivity in milliamperes (full-scale deflection) and for required battery voltage. 

Full-scale 1000 x battery volts  
milliampers center-sçale ohms 

Battery meter full-scate milliamps x center-scale ohms 

volts 1000 

As an example, supposing we wish a center-scale reading of 5,000 ohms, as shown on the dial of Fig. 
71-5, when using a single 1.5-volt dry cell. We use the first formula thus. 

Full-scale 1000 x 1.5 1500 
milliamps 5000 = 5000 = 0.3 milliamps, or 300 microamperes 

Should we wish to use a meter of 1 milliampere (full-scale) sensitivity for 5,000 
reading the second formula is used. 

Battery 1 x 5000 5000 
volts = 1000 = 1000 = 5 volts from the battery 

ohms center-scale 

Since we cannot make up a 5-volt battery from 1.5-volt dry cells it would be better to adopt a center-
scale reading of 4,500 ohms and use a three- cell battery if the 1-milliampere meter must be employed. 

Fig. 71-5. An ohmmeter dial with 5000 ohms as the center-scale reading. 
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The principle of an entirely different ohmmeter circuit is illustrated by Fig. 71-6. Examination of dia-
gram 1 shows that we are using a meter of 1 milliampere (full-scale) sensitivity and a voltage source con-
sisting of a single 1.5-volt dry cell. Meter resistance is 50 ohms, and in series with the meter is a 1,450-
ohm resistor which will limit the current to 1 milliampere with 1.5 volts applied. We might use a meter of 
any other sensitivity and internal resistance, and a source of any other voltage, provided the resistance in 
series with the meter will limit the current to the maximum or full-scale value for the meter selected. 
Measured resistors will be connected between terminals X and X. In this first diagram these test termi-
nals are open, which opens the connection to one end of the dry cell. Consequently, no voltage can reach 
the meter and the pointer stands at the zero current position, which indicates infinite resistance between 

the test terminals. 

0 Diagram 2 shows the test terminals short circuited through practically zero resistance. One side of the 
dry cell is connected through the short to point a and the other side is connected directly to point b. The 
meter with its series protective resistor is connected to points a and b therefore is connected across the 
dry cell. The 1.5 volts from the cell causes the meter current to become 1 milliampere. The pointer moves 
to the full-scale position for current, which always is the position for zero resistance between the test 
terminals. The extra resistor between a and b does not affect the zero ohms indication. 

In diagram 3 we have removed the short from the test terminals and have put in its place a 600-ohm re-
sistance. The resistance between points a and b is 1,000 ohms. Electron flow from the dry cell goes 

through the 600 ohms between the test terminals and. to point a. Here the current divides, part going 
through the 1,000 ohms from a to b while the other part goes through the 1,500 ohms of meter and protective 
resistor from a to b. The parallel resistance of 1,000 ohms and 1,500 ohms is 600 ohms. Now we have 
across the dry cell the 600 ohms between the test terminals and the 600 ohms of the parallel paths. The 
1.5-volt potential difference of the cell divides equally between these equal resistances, and we have 
0.75 volt across the meter and its protective resistor. This half-voltage causes half the full-scale current 
in the meter, whose pointer goes to the position for 0.5 milliampere. Thus we have a center-scale indica-
tion when 600 ohms is between the test terminals, and the ohmmeter dial would be so graduated. 

Diagram 4 shows 2,100 ohms of resistance between the test terminals. We still have the 600 ohms of 
parallel resistance between points a and b. Cell voltage divides inversely as these two resistances, with 
0.30 volt between a and b and 1.20 volts at the test terminals. Since the meter branch is connected to 
points a and b this branch is affected by 0.30 volt and the meter current becomes 0.2 milliampere. This 
establishes the position for a 2,100-volt reading on the ohmmeter scale. The completed scale will look 
about like others we have seen, except that the center-scale reading will be 600 ohms and the maximum 

12,000 to 15,000 ohms. 

In diagram 5 of Fig. 71-6 we have added a zero ohms adjuster and have changed the center-scale indi-
cation to 60 ohms. For the zero ohms adjuster the protective resistance for the meter has been divided. 
There is a 1,000-ohm fixed resistor and a 500-ohm adjustable resistor in series with each other and the 
meter. This adjuster will allow compensation for decrease of dry cell voltage with use or with aging. 

To change the center-scale reading we have put a 62.5 ohm resistor between a and b instead of the 
original 1,000 ohms in this position. With 1,500 ohms in the meter branch between a andlt and with the 

new 62.5-ohm unit between these two points, the parallel resistance becomes 60 ohms. Cell voltage di-
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Fig. 71-6. The principle of an ohmmeter employing parallel circuits. 

600 OHMS 

vides equally between this 60-ohm parallel resistance and the 60 ohms between the test terminals. The 
result is 0.75 volt across the meter branch and a center-scale reading just as in diagram 3. 

Various other center-scale and maximum ohms readings might be provided with other resistances be-
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tween a and b. To make a multi-range ohmmeter we would have to add only a range selector switch and 
several resistors between a and b. To provide for measuring resistances much greater than allowed with 

the 600-ohm center-scale arrangement it would be necessary to use either a more sensitive meter or else 
increased battery voltage, just as with other ohmmeter circuits. 

An ohmmeter circuit suitable for measurement of very small resistances is shown by Fig. 71-7. When 
the test terminals are open there is a series circuit consisting of the battery, a current limiting resistor, 
an adjustable calibration resistor, a test switch that remains open except while taking readings, and the 
meter, which is shunted with an adjustable zero ohms arrangement that compensates for weakening of the 
battery. When the test switch is pressed to close this circuit the meter pointer will move to full scale or 
nearly 'there. 

When a resistance to be measured is connected between the test terminals this resistance acts as an 
additional shunt on the meter, reduces the meter current, and brings the pointer farther to the left. The 

smaller the measured resistance the less becomes the meter current and the more nearly the pointer comes 
back toward the zero current position. The upper scale of Fig. 71-8 is designed for this type of ohm-
meter. The lower scale, designed for one of the previously described circuits, is shown for comparison. 
Note that the low ohms scale increases from left to right, while the other, more common, scale increases 

from right to left. 

USING THE OHMMETER. If a part whose resistance is to be measured is connected into a circuit, 
always disconnect at least one end before making a measurement. Otherwise, should the circuit be alive, 

TEST 
S'11TCH 

CALIBRATION 

 O TEST   

ZERO 
OHMS 

BATTERY 

Fig. 71-7. Ohmmeter circuit for measuring small resistances. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 71 — Page 1 0 

Fig. 71-8. A low-resistance ohmmeter scale (above) with a high-resistance scale (below). 

0‘ II the voltage is likely to wreck the ohmmeter. Another reason for disconnecting a measured part is that you 
never can be very sure of what other resistance elements may be parallel with the one you check, and 
when there are such parallel paths you would not be measuring resistance of the one unit. 

When commencing to use an ohmmeter that has been idle for any length of time always short circuit the 
test terminals or rest lead tips and use the zero ohms adjuster to bring the meter pointer to zero on the 

ohms scale. Make this zero setting also whenever you change from one range to another on a multi-range 
ohmmeter. 

0 When resistance ranges allow it, take readings no higher on the ohms scale than about one-fifth of the 
maximum, which would be at about one-fourth of full-scale current. Then you will be using the ohms scale 
where it is fairly well spread out, and will be using the meter in the portion of its current range where 
there is likely to be greatest accuracy. Headings taken of resistances much greater than about ten times 
the center-scale value are likely to be misleading. 

If the zero ohms adjuster will not bring the meter pointer to zero on the ohms scale while the test termi-
nals are shorted, it is time to replace the dry cell or cells with new ones. They are too weak to be of 
further use. 

As a final precaution, do not have your fingers or hands on both test terminals or both test lead clips 
or prods at the same time while making resistance measurements. Your body will act as a parallel re-
sistance which, when measuring high resistances, would prevent accurate indications. 

VOLT-01111411W AMMETERS. A volt-ohm-millianuneter is just what the name implies, it is a combina-
tion voltmeter, ohmmeter, and milliammeter. The rather long name usually is abbreviated to the letters 
"VOM". One such instrument is pictured by Fig. 71-9. There are many other styles which are equiva-
lent in design and which serve the same purposes. 
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Fig. 71-9. A multi-range volt-ohm-rnilliammeter. 

There is a permanent magnet moving coil meter of any sensitivity that suits the measurements to be 

made. By means of one or more rotary or press button switches, or with suitable pin jack terminals, the 
meter is connected into self-contained voltmeter circuits, current meter circuits, or ohmmeter circuits. 
Usually there are voltage and current measuring circuits for both direct and alternating quantities. 

The several kinds of measurements may be called the functions of the instrument. The functions might 
include measurement of direct voltages, of direct currents, of alternating voltages, of alternating currents, 

and of resistances. For each of these functions there will be several ranges. For instance, we might have 

voltage ranges of zero to 2., to 10, to 50, to 230, and to 1,000 volts, also similar current ranges in milli-
amperes. There may be one switch for selecting the desired function and another for selecting a suitable 

range, or both function and range may be selected by a single rotary switch, or possibly by a number of 

press button switches, or there may be separate pin jacks for functions and ranges. In addition there will 

be a zero ohms adjuster. 
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Fig. 71-10. A dial with single resistance scale and three scales for voltage and current. 

The meter dial of the VOM may have a single scale for resistance and two or more scales for voltages 
and currents. Such a diai is shown by Fig. 71-10, where the single ohms scale is at the top and three di-
rect voltage or direct current scales are down below. In practice there would be an additional set of 
voltage and current scales for measuring alternating quantities, which require different distribution of the 
markings. The pointer travels across all the scales at once. Which scale you read depends on the func-
tion and the range for which the instrument is set. 

When there is only a single ohms scale the resistance range selector will be marked in some way to 
indicate the factor by which dial readings are to be multiplied. With the dial of Fig. 71-10 the several 
positions of the resistance selector or the several resistance pin jacks might have markings and interpre-
tations as follows. 

it X 1 itead the ohms scale directly as marked or graduated. 
ft X 10 Multiply every reading by 10. 
it X 100 Multiply every reading by 100. 
tt X 10K Multiply every reading by 10,000. 
It X 1M Scale markings are read as megohms of resistance. 

There will be one selector position for each of the voltage and current scales appearing on the dial, 
and nearly always there will be additional ranges and selector positions with which readings on one or the 
other of the scales must be multiplied by a factor indicated by the selector. As an example, with the dial 
scales of Fig. 71-10 there would be selector positions for 10, 50, and 250 volts or milliamperes. In addi-
tion there might be a selector position for 500 volts or 500 milliamperes, with which you would read the 50 
scale and multiply by 10. Another range might be for 1,000 volts or milliamperes, with which you would 
read the 10 scale and multiply by 100. 

When controls of the VOM are set for voltage measurements the instrument is a voltmeter. Then you 
must use exactly the same methods and observe all the precautions which have been explained in con-
nection with voltmeters. Similarly, when the VOM is set for current measurements you treat it just like a 
milliammeter, and when set for resistance measurements you work as with any ohmmeter. Remember to 
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20,000 aims per voli D-C 

Fig. 71-11. Voltage diagram based on measurements with a meter of 20,000 ohms per volt sensitivity 

82 A-C 

112 A-C 7 115 

112 A-C 117 A-C 

commence a voltage or current measurement with the highest range, and drop to a lower range only when 
the indication is within that lower range. When measuring direct voltage or current it is advisable, when 
convenient, to cut off the power when changing from one selector switch position to another one. This 

avoids arcing at the switch contacts. One of the fairly common troubles with multi-range VO‘ls is contact 
roughness caused by arcing, or any kind of oxidation or dirt which increases the resistance of the switch 

contacts. 

CHECKING VOLTAGES. The volt-ohm-milliammeter or a separate voltmeter and ohmmeter most often 
are used in connection with service diagrams or with tables of service information which shofflnormal 
voltages and resistances as measured at tube base pins and at certain other easily identified points on a 
receiver. A voltage diagram for a six-tube radio receiver is illustrated by r'ig. 71-11. A voltage diagram 
for a television receiver would be similar, except for having more tubes or sockets. On a voltage diagram 
are represented the socket lugs or tube base pins as they appear from underneath the chassis, in approxi-

mately the same relative positions as actually occupied. 

Normal voltages are marked at each pin where a measurement may be made. Unless otherwise noted, 
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all voltages are measured from the pins to chassis ground, all are d-c voltages unless marked a-c, and all 

d-c voltages are positive at the pins unless marked negative. 

Fig. 71-12 is a schematic service diagram for the same receiver to which the voltage diagram applies 

The tubes are similarly numbered from 1 to 6 on both diagrams, and base pin numbers are shown on both 
diagrams. The base pin numbers allow identifying the various tube element connections on the voltage 
diagram. Some voltage diagrams carry abbreviations for the tube elements to make this identification 

easier. 

On the schematic service diagram are marked the values of all fixed resistors and capacitors, and of 
some adjustable units. Resistances to be read in megohms are followed by the letter "M", as 3M for 3 
megohms. Resistances to be read in thousands of ohms are followed by the letter "K'; as 20K for 20,000 
okras. Where no letter follows a resistance value it is to be read in ohms, as the number 180 followed by 

no letter meaning 180 ohms. 

Capacitor values to be read in microfarads are shown by decimal fractions, as . 002 for .002 mf. Capac-
itor values to be read in micro-microfarads are shown by whole numbers, not fractions. For instance, the 
number 250 near a capacitor symbol means 250 mmf. These are common practices for showing capacitance 
and resistance values on service diagrams, but they are not universally followed. 

Voltages often are marked on the schematic service diagram for a receiver instead of being shown on a 
separate base pin diagram such as illustrated. Sometimes the same information is listed as in the accom-

panying table, which applies to the same receiver as the voltage diagram of Fig. 71-11. 

Voltage measurements are made with all tubes in their sockets unless otherwise noted. Tubes some-

times are removed to prevent current flow in certain circuits while checking no-load voltages. Television 
service diagrams and tables usually specify the positions for all controls during tests. Similar information 

is given for some radio receivers. When no positions are mentioned, all the controls should be set as for 

normal reception. 

SOCKET VOLTAGES 

Tubes Base Pins 

1 2 3 t 5 6 7 8 . 

1. R-F Amp 21 A-C 0 —0.5 2 100 36 A-C 80 

2. Converter P 12 A-C 100 100 0 0 21 A-C —0.5 

3. I-f Amp 13 A-C 0 —0.5 2 100 36 A-C 100 

4. Det'r A-f Amp —0.6 0 —0.5 —0.5 50 12 A-C 0 A-C 

5. Output Amp 82 A-C 95 100 9 48 A-C 8 

6. Rectifier 117 A-C 112 A-C 112 A-C 32 A-C 115 

Notes: D-c volts measured with 20,000 ohms per volt meter. 
A-c volts measured with 1,000 ohms per volt meter. 

Power line 117 a-c volts, 60 cycles. 
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Before commencing measurements you should check the power line voltage. Test voltages of service 

diagrams or tables are based on 117 line volts. If actual line voltage is lower or higher you will have to 
make some allowance for the difference. 1ilany shops use voltage adjusting transformers which will furnish 
117 volts to the receiver when actual line voltage is anything between about 95 and 130. 

0 Service diagrams and tables always specify the sensitivity of the voltmeter used for obtaining the 
original average or normal values. Values shown on Fig. 71-11 are for use with a voltmeter sensitivity of 
20,000 ohms per volt. The actual shunting error due to connection of the meter resistance across the 
measured poipts will vary with the range being used, since total meter resistance is the product of sensi-
tivity and full-scale volts for each range. When measuring across very high resistances the indicated 
voltage is likely to be less on a low range than on a high range, because the meter resistance is less on 

the low range than on the high one. 

Fig. 71-13 shows tube pin voltages as measured on our six-tube receiver with a meter having sensi-
tivity of 1,000 ohms per volt. The a-c heater voltages are not shown here, since they would be the same 

as on the preceding diagram where a-c measurements are at a sensitivity of 1,000 ohms per volt. 

8 

95 

1 000 okm s per volt 

o 

Fig. 71-13. Voltage diagram based on meter sensitivity of 1,000 ohms per volt. 
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With the meter of lower sensitivity all the control grid voltages are dropped to zero. These are the 
voltages at the following points. Pin 4 of tube L Pin 8 of tube 2. Pin 4 of tube 3. Pin 2 of tube 4. Pin — — 

5 of tube 5. There is little if any use of attempting to measure control grid voltages or biases with a — — 
meter of low sensitivity. Even when using the higher sensitivity voltmeter the voltages at grids not con-

nected to the avc line read lower than they actually are. For example, the grid of tube 4 actually is at 

about one-third greater negative voltage than shown by the 20,000 ohms per volt meter, the grid of tube 5 

is at about 50 per cent greater positive voltage. 

ONhen measuring control grid voltages in any receiver having automatic volume or gain control there 

must be absolutely no signal coming into the receiver or else the automatic control must be disabled or 
overridden to provide constant grid voltage. Otherwise the grid voltage will vary with every change of re-

ceived signal strength. 

0‘  Note that the oscillator grid, pin 5 of tube 2, shows zero voltage with either voltmeter although this 
grid actually operates normally between 6 and 8 volts negative. This negative voltage is developed by 

grid-leak bias, which requires oscillating currents for its operation. There is so much bypassing capaci-
tance in the leads and internal parts of any ordinary voltmeter that oscillation is stopped, and grid voltage 

actually does drop to very nearly zero. 

Now compare the cathode voltages as indicated by the meters of high and low sensitivity at pin 5 of 

tube 1, at pin 5 of tubel and at pin 8 of tube 5. All these voltages measure alike with both meters. This 
is because all these cathodes connect to ground through resistances of less than 200 ohms, across which 
the shunting effect of either meter makes no measurable difference. The cathode of tube 2 grounds through 

the negligible resistance of the oscillator coils, while the cathode of tube 6 is directly grounded. In spite 
of the accuracy of cathode voltage measurements we cannot accurately determine the grid biases from the 

difference between cathode and grid voltages, because the measured grid voltages are incorrect. 

GVoltages do not have to be exactly as shown by diagrams and tables. Except in certain critical cir-
cuits, voltages which are as much as 20 per cent higher or lower than specified will not cause unsatis-

factory operation of the receiver, and differences up to 10 per cent are to be expected in all cases. 

When making any measurements, of either voltage or resistance, you must use care that the bare metal 
tip of a test prod or the metal of a spring clip does not touch any conductor other than the one at which the 
test is to be made. Spring clips used on the ends of test leads should be covered with rubber sleeves ex-

tending almost to the tips of the jaws. 

CHECKING RESISTANCES. Another type of service diagram sometimes furnished for radio and tele-

vision receivers is illustrated by Fig. 71-14. Again we have tube base pins or socket terminals in their 
approximate relative positions as seen from underneath the chassis, but now the marked values are those 

for resistance measurements with an ohmmeter or a volt-ohm-milli.imtneter. 

tiesistances are normal or average values as measured from the indicated points to chassis ground un-
less otherwise noted. ttesistances in rnegohms are identified by the letter "NI", those in thousands of 
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ohms by the letter "K", and for resistances in ohms there is no letter after the value. The circuits in 
which the marked resistances exist may be traced on the schematic diagram of Fig. 71-12. 

desistance measurements may be used for an additional check when voltages appear to be incorrect, 
but they are even more useful when some circuit or section or the entire receiver goes completely dead, 
with no voltages to be measured. desistance measurements are helpful also when application of line 
power causes overheating and smoking from parts which cannot be quickly identified and in which serious 
damage will occur unless power is immediately cut off. 

®Never make resistance tests while line power is applied to the receiver, always keep the power cord 
plug out of a receptacle. All tubes should be in their sockets unless otherwise noted. If all tubes are in 
good condition it should make no difference whether they are in or out of the sockets, but a defective tube 
might in some instances be located by a resistance check. All controls should be in the positions speci-
fied or, when no special instructions are given, the controls should be set as for normal reception. 

When measuring very small resistances it is highly important that all the test connections are clean and 
tight. A thin film of any foreign matter may destroy all chance of accuracy. Blunt ended test prods often 
fail to make good contacts. It is better to use strong spring clips on both test leads or else to use a clip 
on one lead (to ground) and a needle pointed prod on the other lead. When measuring high resistances you 
must look out for leakage paths. Moisture may cause highly erroneous indications, although it takes a 
rather thick coating of dry dirty material to appreciably lower the resistance. Putting your fingers on both 
test lead connections is sure to cause difficulty. 

A number of the resistances shown on Fig. 71-14 are marked with a star referring to the note that says, 
"Measure To Pin No. 8 of Tube 6". Should you measure these resistances to ground the ohmmeter pointer 
first will swing to a low reading and then will gradually move toward a reading of several hundreds of 
thousands of ohms. With the test connection to ground you would be reading the d-c resistance of the two 
.20-mf filter capacitors in the power supply, as will be evident from examination of Fig. 71-12. 

All the test connections at which the ohmmeter might behave this way are to plates and screens, and 
all are on the B plus lines coming from the power supply. The indicated resistance increases as current 
from the ohmmeter charges the filter capacitors. Making the test to the cathode of the rectifier tube takes 
the filter capacitors out of the measured circuit. There may be similar behavior of the ohmmeter wherever 
large electrolytic capacitors are used, as in some cathode bypasses, in the loads of ratio detectors, and 
other places. 

Incidentally, it is possible to make a fairly reliable test for leakage of electrolytic capacitors by con-
necting the ohmmeter from their positive side to ground or B-minus. The positive terminal of the ohmmeter 
must be connected to the positive side of the capacitor. If your ohmmeter is not marked for polarity, try 
both connections. The one with which the indication changes quite rapidly from lower to higher resis-
tances is correct for testing. As a very general rule, if the resistance will not increase to more than a 
half megohm or to more than 500,000 ohms, there probably is serious leakage through the capacitor and it 
should be replaced. 

When an electrolytic capacitor has been long idle it may take several minutes for its resistance to come 
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Fig. 71-14. A service diagram giving normal or average values of resistances. 

6
 L
a
6
p
d
 
—

L
L
'
0
N
 
u
o
s
s
a
l
 

N
O
I
S
I
A
3
1
3
1
 

C
O
M
M
E
R
C
I
A
L
 T
R
A
D
E
S
 
INSTITUTE 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.71 — Page20 

up to a final high value. A leaky capacitor will show a slow rise of resistance. A capacitor in good con-
dition, which has recently been used in a live receiver, usually will show a final resistance of several 
megohms. 

deturning once more to our regular measurements of circuit resistances, it should be mentioned that 
measured values within 20 per cent plus or minus of marked or listed values usually are satisfactory. 
This is because most commercial resistors are of 20 per cent tolerance. 
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LESSON NO. 72 

CIRCUIT TESTING 

Measurement of voltage and resistance is only one of the steps in trouble shooting, and it is never 
either the first step or the last one. When a receiver is in trouble no competent technician would first 

pull out the chassis, turn it upside down, and commence checking voltages and resistances. Unless he 
knows from experience with that particular kind of receiver what probably is wrong, he would begin by 

looking at the tubes. 

When you can see the lighted heaters or filaments in glass tubes, and metal tubes are hot to the touch, 
the chances are fairly good that the tubes are working normally. If one tube is out, the obvious thing to 
do is replace it with one known to be good before doing anything else. If all the tubes are out you should 
make sure that the power cord is plugged into a live receptacle and that the receiver switch is turned on. 

If the set has series heaters or series filaments, and any one tube is open, it will put out all or a number 

of the others, and they will have to be checked one by one. 

Before doing all this, or maybe right afterward, you would try moving all the controls that are acces-
sible to the operator. Probably you would jar the receiver by striking the chassis with your knuckles. 
This might show that there is a loose or broken connection, by causing momentary sounds from the loud 
speaker or flashes on the picture tube. The point to all this is that you must use your head when com-
mencing to shoot trouble. Make all the simple and easy tests first. If none of them give a clue to the 

fault, it is logical to proceed with checks of voltages and resistances. 

When measured voltages or measured resistances show up as too great or too small you still have 
found only symptoms or results of some trouble. It remains to find the exact point or points at which the 
fault exists or to find the particular unit that has gone wrong. 

®If only one voltage or only one resistance is far out of line, your knowledge of the receiver circuits 
may allow immediate identification of the cause. Otherwise it always is a good idea to continue checking 
every voltage or every resistance. Then again you must apply common sense. For instance, if all d-c 
voltages are low, the trouble probably is in the B power supply. You should try replacing the power 

rectifier if it is a tube, or watch for excessive heating of a contact rectifier, and you should look for 
faulty resistors, poor connections, leaky filter capacitors, and such things. 

When most of the voltages are within normal limits, with only one or two incorrect, it would be foolish 
to commence working on the power supply. You should confine your efforts to the sections or circuits in 
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Fig. 72-1. Circuits like these are not too difficult to trace when you :snow how. 

which incorrect voltages appear. If replacement of the tube or tubes in these sections or circuits fails to 
bring performance back to normal you probably have some real trouble on your hands. 

Assuming that all the tubes as well as the power supply or voltage source are in good order, let's 

consider just a few of the things which may cause incorrect voltages or resistances. We shall commence 
with causes for low voltage. 

Low voltage may result from a short circuit, often called simply a "short". This means any conductive 
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path which allows current from the source to get back to the source without having gone through the nor-
mal load or through parts of circuits in which it should flow. We speak of a dead short circuit or a dead 
short when the path around the normal load is of negligible resistance, and of a partial short or a high-
resistance short when there remains any considerable amount of resistance in the incorrect current path. 

In Fig. 72-3 a short circuit is represented as existing in power supply filter capacitor Cf. Much of the 
current from the power supply will flow through this shorted capacitor and ground, completing a path from 

the power supply without going through the regular load circuits. 

When a short circuit occurs between a live conductor and chassis metal it is called an accidental 
ground or simply a "ground". A ground is indicated on the cathode terminal of the amplifier tube in Fig. 
72-3. Cathode current can flow through the ground connection instead of through bias resistor Rk. 

Fig. 72-2. A power supply may contain many resistors and capacitors in which troubles may develop. 
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Fig. 72-3. Circuit troubles which might appear in 8+ lines. 

Shorts and grounds occur where insulation is broken, scraped away, or lacking for any other reason, and 
where bare conductors have been pushed out of place to make contact with other conductors. Shorts and 
grounds occur also through resistors which have been greatly overheated and whose resistance has de-
creased. These faults occur quite commonly through capacitors whose dielectric or internal insulation has 
broken down. As a general rule a capacitor which becomes slightly leaky quickly develops a nearly dead 
short circuit. 

10Most shorts and grounds, but not all of them, take excessive current from the source. Although the 
regular load or circuit may be getting little or no current, the source usually is heavily overloaded by 

current flowing through the short or ground. This is the reason why these troubles usually cause ab-
normally low voltages in all connected circuits, the excessive current is causing a large voltage drop in 
the internal resistance of the source. 

A low voltage is often due to excessively great resistance in series between the high side of the source 
and the point at which low voltage appears. An open circuit is represented at the bottom of the plate load 
resistor Ro in Fig. 72-3. When a circuit is completely open there will be zero voltage on the side that is 
away from the source, as at the plate of the amplifier tube in our illustration. 
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liesistor Rd in the lead to the screen and plate of the amplifier tube is shown as having too great re-

sistance. Someone may have misread the color coding and replaced a 10,000-ohm resistor with one of 
100,000 ohms. In any excessively high resistance the voltage drop usually is so great as to leave ab-
normally low voltages at all points beyond the fault. In the present example, low voltage would be read 

at the amplifier screen. High resistance often is caused by such things as rosin joints or cold solder 
joints in wiring or by loose or dirty terminal connections. 

Whereas an abnormally low voltage often indicates that there is an overload on the source, a voltage 
that is too high just as often indicates that the source is underloaded and is delivering less than normal 
current. This could result from either an open circuit or a very high resistance through which normal 

current cannot flow. 

High voltage often is caused by a burned out or weak tube which no longer takes its normal plate and 
screen currents and acts like a partially open circuit to reduce the load. An open or high resistance in a 
resistor may cause high voltage at all points between the high side of the source and the point of trouble, 
and low voltage between this point and the low side of the source. An abnormally low voltage originally 
due to excessive current through a resistor may change to a high voltage when the resistor burns out to 

become an open circuit. 

Since low voltages commonly result from the low resistances of shorts and grounds, it follows that 
resistance measurements in the same circuit are likely to indicate resistances lower than normal. Also, 
because high voltages so often result from an open point or an excessively high resistance in the mea-
sured circuit, resistance checks in this circuit frequently show abnormally high resistance. 

CONTINUITI TESTING. The exact point at which there exists a short, an accidental ground, an open, 
or an excessively high resistance is not too hard to locate if we go about it in an orderly fashion rather 

than just stabbing while hoping for luck. The only thing we need in the way of a test instrument 
is something which will apply only very low voltage or will allow only very small current to flow in the 

Fig. 72-4. Two forms of continuity testers. 
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tested circuit while indicating whether or not the circuit is continuous. Any device meeting these require-
ments may be called a continuity tester. The requirement of low voltage or small current is for protection 
of delicate coils or transformer windings which may be in the tested circuit. 

A continuity tester may consist of a single dry cell in series with any low range voltmeter whose total 
resistance is 500 ohms or more, as shown at 1 in Fig. 72-4. Then the voltage applied to a circuit under 
test cannot be more than 1.5, and the current cannot exceed 3 milliamperes. Any ohmmeter with test 
prods, as at 2 makes an excellent continuity tester, since it will show whether the circuit is continuous 

or open and will indicate the amount of resistance between points tested. There are a number of specially 
designed continuity testers. however, lamps, buzzers, and other arrangements commonly used by electri-
cians are not suitable for testing television and radio circuits. They operate with too great voltage, 
current, or both, and sooner or later will cause damage. 

Now we shall examine some methods for locating faults with the help of a continuity tester, and other 
methods with which only a voltmeter is needed. Descriptions and diagrams of these methods serve to 
explain only the principles involved. You must understand television and radio circuits or be able to 
follow a circuit well enough to adapt the principles to individual cases. 

LOCATING SIIORTS OR GROUNDS. A short circuit or accidental ground usually places such a heavy 
load on the power supply and other parts that line power cannot be applied to the receiver without causing 

overheating and ruinous burning of circuit elements. To avoid such danger your continuity tester may be 
used as in Fig. 72-5. Here we have an accidental ground on the 13+ line and also a shorted bypass ca-
pacitor from the amplifier screen to ground. 

Either terminal of the continuity tester is connected to a cathode lug on the socket for the power 

  CONTINUITY 
TESTER 

 \s_ RECTIFIER 

B+ POWER 
OFF 

ACCIDENTAL -----
GROUND 

Fig. 72-5. Locating shorts and grounds with a continuity tester. 
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rectifier. The other tester terminal is connected to ground or to B-minus. The rectifier tube may remain 
in its socket, because line power is cut off. Current from the tester will flow through the accidental 

ground and the short circuit, and the tester will show this flow by indicating a complete circuit or a very 

low resistance. 

The next step is to carefully lift or move all the wires and also all fixed resistors and capacitors sup-
ported by their pigtails in the suspected circuit. If you thus succeed in temporarily removing and thus 
locating a short or ground the tester will show that the trouble has been corrected, by indicating an open 
circuit or zero current. It is fairly easy to locate a single accidental ground or a single short on an ex-
posed conductor in this way. But when there are two such faults at the same time one is likely to return 
while you remove the other. Also, this method will not locate shorts or grounds which are inside the 

parts in a circuit. 

If you haven't located the trouble it becomes necessary to temporarily open the circuit at successive 
points, while working away from the tester, and watching for an indication of a closed circuit. The 

procedure is as follows. 

First, temporarily disconnect conductor a. With faults as shown by Fig. 72-5 the tester now will indi-
cate zero current or an open circuit. Reconnect the conductor a and temporarily disconnect conductor b. 
Still the tester will indicate zero current while the circuit is temporarily open. The same thing will 
happen with conductors c and d temporarily disconnected. But when you disconnect conductor e the 
tester will continue to indicate current or a complete circuit, because current actually continues to flow 

from the tester through the accidental ground on the B+line. 

When using this method a short or ground must exist somewhere between the last disconnection with 
which the tester indicates no current and the first disconnection with which the tester continues to indi-

cate current. 

After getting rid of the ground on the B+ line and reconnecting conductor e the tester again would 
indicate the presence of a short or ground on the circuit being tested. Then you should proceed from e 
to f in the regular manner. At L. you can go no farther without connecting both sides of the tester to 
ground, so the trouble must exist between g and ground, and must be in the shorted capacitor. 

LOCATING OPENS AND HIGH RESISTANCES. An open circuit and a point of excessively high resis-
tance may be considered as the same general kind of trouble, but in different degree, since an open circuit 
is merely an infinitely high resistance. Whether you can distinguish between the two varieties of trouble 
when making tests depends largely on the instrument being used as a tester and on how well you can in-
terpret its indications. Often it makes no difference whether the fault is an open or a very high resistance 
so far as test methods are concerned, for when you locate the point at which the trouble exists it is 
relatively easy to determine just what has gone wrong. The chief object of your tests is to locate the 

exact point where something must be done. 

&Opens and high resistances may be located as illustrated by Fig. 72-6. If you use a self-powered 
tester, such as an ohmmeter or a self powered continuity tester, it is absolutely essential that line power 
be cut off the receiver. Otherwise you may use a high-range voltmeter with the receiver turned on as for 
regular operation. Either test instrument is connected across each part that is suspected of being in 

trouble. 
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Fig. 72-6. Testing individual circuit elements for opens or high resistances. 

A self-powered tester will indicate no current if the part is open, or high resistance if this is the kind 
of trouble that exists. A voltmeter will read higher when across an open circuit than when across a high 
resistance, and will read higher across an excessively high resistance than across a normal resistance. 

When the voltmeter bridges an open point the instrument indicates the no-load voltage of the source or of 
the circuit being tested, and when bridging any amount of resistance it indicates the voltage drop in that 
resistance while it is shunted by the meter. 

To make these tests truly reliable, one end of the part or circuit being checked should be disconnected 
and left open when using any self-powered tester. When this is not done you are quite likely to be making 
tests across parallel circuits of which the suspected element is only one branch. Since the voltmeter 
depends on the power supply of the receiver for test readings it may fail or may indicate non-existant 
faults when there are two or more opens on the same line. For example, a voltmeter across resistor Rd 
of Fig. 72-6 will read high voltage to correctly indicate an open in this resistor, but across resistor Ro 
will read zero voltage because of the open circuit at Rd. 

A self-powered continuity tester may be used for checking progressively along an entire circuit as 
shown by Fig. 72-7. Here we are working along a B+ line from the power supply to the plate of an ampli-
fier. As in every case where a self-powered-tester is used, the a-c line power must be cut off the receiver 
to avoid possibility of ruining your test instrument. One end of the tested circuit must be opened, and 
one terminal of the tester connected to the opened end. This is conveniently done in the illustration by 
taking the rectifier tube out of its socket and connecting the tester to a cathode terminal of the rectifier 
socket. 

With the other terminal of the tester connected to point a the indication will be of a closed circuit. 
This will be true also as we proceed to points b and c. But when the test connection is made to point 
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Fig. 72-7. Using a self-powered tester for locating opens and high resistances. 

d the indication will be of an open circuit, which exists in resistor Ro. When using this method, the 
open circuit, or an excessively high resistance, will be found between the last test point allowing a 
closed circuit indication and the first point giving an open circuit or high resistance indication. 

The particular test illustrated by Fig. 72-7 could not be extended beyond the B+ lines of the receiver. 
Any other section might be similarly checked by opening one end of the principal circuit and connecting 
one side of the tester to the opened conductor. Then successive tests would be made by working away 
from this connection toward the far end of the lines. 

With a television receiver containing many sections whose B voltage is supplied through separate 
lines from the low-voltage power supply, the job of trouble location sometimes may be speeded up as 
illustrated by Fig. 72-8. The general method is the same as in Fig. 72-7, but instead of working pro-
gressively away from the power supply to the far end of each B+ line a preliminary check is made at the 

plate of only one tube in each major section of the receiver. For instance, you might check at the r-f 
amplifier in the tuner, at any one i-f amplifier, at any one tube in the sound section, and so on. If an 
open or very high resistance is indicated in only one section it is necessary to make progressive tests 
on only the B+lines in that section. But if trouble shows up in all sections the progressive tests should 
start at the power supply and go through the main B+ line that supplies all sections showing trouble. 

Fig. 72-9 shows how a voltmeter may be used for progressively checking for open circuits along a B+ 
line, using the regular power supply as the source of testing voltage. The negative terminal of the meter 
is connected to chassis ground or to B-minus. The receiver power is turned on and the test prod, attached 
to the positive terminal of the meter, is touched to successive points as you work away from the power 

rectifier, as at a, b, c, and d in the diagram. 
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Fig. 72-8. One method of tracing trouble to some one section of a receiver. 
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The voltmeter will indicate high voltage at all test connections which are between the power supply 
and the first open circuit, as at a, b, and c. As soon as at open circuit has been passed the meter will 
indicate zero voltage. This would happen with a test connection at point d because there is an open 
circuit in resistor Ro between test points c and d. This probably is the easiest of all tests for open 
circuits, but it will not indicate with certainty an excessively high resistance because enough current 
can flow through such a resistance to deflect the meter to about the same degree as with normal circuit 
resistance or no resistance at all. 

TRACING CIRCUITS ON THE CHASSIS. It is easy to trace on a schematic service diagram,some 
circuit in which you wish to make tests for trouble, but to trace the same circuit through the actual parts 
and wiring on a receiver chassis is not quite so easy. To illustrate the difference we shall consider 
Fig. 72-10, which is a schematic diagram of the automatic frequency control circuit for a horizontal sweep 
oscillator. Itere we have a small section of a complete receiver diagram. 

Tube VI is a sync amplifier which obtains its signal from a d-c restorer circuit and feeds sync pulses 
of opposite polarities to a phase detector tube, V2. The output of the phase detector goes to the input of 
tube V3 which is a multivibrator sweep oscillator. There are identification numbers for all the tube 
elements or pins, for all the resistors, all the capacitors, and for the winding of the frequency control. 
Values of resistances and capacitances which ordinarily would appear on a service diagram are omitted 
here for the sake of simplicity. 
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Fig. 72-9. Locating open circuits with a voltmeter and the D power supply. 

The manner in which all these parts and connections are arranged on one small portion of the receiver 
chassis is illustrated by Fig. 72-11. Here everything is numbered to correspond with numbers on the 
schematic diagram. Of course, there would be no such numbers on the parts in a real receiver, instead 
you would have to identify each one by looking at its color coding and checking the indicated value with 
information on the schematic diagram or a parts list. 

On the receiver there are two tie strips or terminal strips which provide the necessary junction points 
and supports for the various resistors and capacitors. These junction points are not the same as those 
shown between conductor lines on the schematic, rather they are chosen for convenience and for shortest 
connections in mounting and wiring the parts. The symbol X on both diagrams indicates that a wire goes 
from each of these points to one of the a-c heater voltage or current terminals of the power transformer. 

If you trace any path on the schematic diagram it is possible to trace the same path on the chassis so 
far as current flow and voltage transfer are concerned. Also, you may examine any junction point on the 
chassis and find that on the schematic diagram the same parts are connected together by conductor lines. 

During the innumerable times when you will trace through the wiring and parts on a chassis with the 
help of a schematic service diagram you will have to make use of easily identified starting points, from 
which it is possible to follow through the actual paths for current and voltage. Some of these identi-
fications are listed by the following paragraphs. 

1. Tube socket lug numbers or base pin numbers. These may be marked on the sockets, or you easily 
can count around in a clockwise direction from the locating key in octal and lock-in sockets, or from the 
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Fig. 72-10. A schematic service diagram for an automatic frequency control on a sweep oscillator. 

space having no pin position on sockets for miniature tubes. I'he same numbers appear on the tube sym-
bols of the schematic diagram, or you can find the correct numbers in any tube data book or list. 

2. Terminals of control units, either the controls used by the set operator or those for service adjust-
ments. These are especially helpful when working on television receivers, which have a great many such 
controls. 

3. Terminals or openings for the leads of r-f, i-f, and a-f transformers and couplers. Sometimes these 
terminals are numbered or lettered on the unit itself and on the service schematic. In other cases the 

leads are of different colors which are identified on the service diagram. 
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Fig. 72-11. Positions on the chassis of the parts and connections for the automatic frequency control. 

4. The plug pins and the jack openings of connectors For multi-conductor cables used between various 
sections of some receivers, or for such parts as focus coils and deflecting yokes. 

When you wish to locate some possibly defective unit, start from the nearest point that is easily identi-
fied. Then follow the wiring connections by eye, or by gently moving the connections with needle nosed 
pliers or with a small blunt ended prod of any kind. Most sets are wired with conductors having insula-
tion of many different colors and color combinations. This makes it easy to identify the two ends of a 
wire connection. If a large number of leads are cabled together it may be necessary to loosen the cabling 

cord while tracing the circuits. Be sure to replace the cord when the job is finished. 

CIRCUITS CONTAINING CAPACITORS. When checking voltages and resistances in circuits contain-
ing paper, mica, or ceramic capacitors you may run into indications which are confusing unless you keep 
in mind just how capacitors behave. If tests are being made with direct voltages from a power supply, or 
from an ohmmeter or other self-powered tester, every good paper, mica, or ceramic capacitor which is in 
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series with the tested circuit will take a charge as the test connections are completed, then will act as 

an open circuit. The meter pointer may give a little jump, then go back to its open circuit position. 

When using an ohmmeter in which the meter movement is of low sensitivity, and when the instrument is 
powered by only a single dry cell, this effect will be barely discernible with 0.25 mf of capacitince in 
the circuit, but will be decidedly noticeable with 0.5 mf or more. If the meter is of high sensitivity and 
is used on a range powered with 10 to 15 volts, the effect may be observed with capacitance as small as 
0.005 mf. If the test connections are reversed, the capacitor may discharge through the testing meter and 

then take an opposite charge, making the pointer jump farther than before. 

When you make tests with a sensitive voltmeter and a supply potential on the order of 250 volts d- c, 

the meter pointer will jump noticeably from zero with capacitance as small as 100 mmf in series with the 

circuit, but will immediately drop back to zero and remain there if the capacitor is not shorted. 

eOnce you become familiar with the performance of some certain voltmeter, ohmmeter, or continuity 
tester it is possible to tell with fair certainty the condition of capacitors which are in series with the 
tested circuit. A momentary jump of the meter pointer and a return to the open circuit reading shows that 
the capacitor is neither shorted nor open. A continued reading indicates a shorted capacitor, while no 
jump at all may be an indication that the capacitor is internally open circuited or is disconnected. All 
this assumes that the capacitor is in series with the tested circuit and is of enough capacitance to make 

the meter pointer jump. 

Earlier we noted that an electrolytic capacitor being checked with an ohmmeter will first show a rather 
low resistance, which quickly will increase to a much greater resistance if the capacitor is in good con-
dition. If a high test voltage, as from a B power supply, is applied through a high sensitivity voltmeter 
to a circuit having an electrolytic capacitor in series, there will be a continued high voltage reading even 
though the capacitor is in perfectly good condition. With a low sensitivity voltmeter there will be a 
momentary high reading, but this will drop quickly to a relatively low reading if the electrolytic capacitor 

is in good condition. The longer you apply the test voltage the lower the reading will drop. 

All this leads to the conclusion that tests with B power voltage are almost sure to be unreliable when 
there is an electrolytic capacitor in the tested circuit. Also, the high testing voltage may help to promote 

a leaky condition in electrolytics whose rated working voltage is much less than the B power % oltage. 
Many power filter capacitors in transformerless sets are rated at only 150 d-c volts, and bypass capacitors 

or ratio detector load capacitors may have ratings as low as 10 d-c volts in many receivers. 

To digress for a moment from the testing of circuits containing capacitors, there are likely to be con-

fusing resistance indications when you check any circuit in which is a selenium rectifier such as used in 
the power supplies of transformerless receivers. Unless the positive voltage from the tester goes to the 

positive side of the rectifier the measured resistance will be low. 1\ hen polarities are correct, the resis-
tance normally will be several hundred thousand ohms in rectifiers of small current rating, but it will 
vary with the current rating and the condition of the rectifier. Rectifier resistance will vary also with 

the strength of voltage applied from the tester. 

When it will not interfere with other tests, it is advisable to short out the selenium rectifier by making 

a direct connection from B plus to B-minus, or else to temporarily disconnect either side of the rectifier, 

keeping the power turned off. 
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Returning now to the subject of testing where capacitors are involved, it is well to remember some of 
the important facts relating to capacitances in series. Don't forget that any number of equal capacitances 
in series have combined capacitance equal to that of one unit divided by the number of units. Also, the 
combined capacitance of two unequal capacitances in series is equal to their product divided by their 

sum. That is, 

capacitance A x capacitance B  
Series capacitance -- 

capacitance A + capacitance B 

Sometimes you will have on hand a capacitor of certain value and wish to determine what other capaci-
tor can be connected in series to make a lower capacitance. To solve such a problem we need make only 

a slight change in the formula, like this. 

Required series 
capacitance 

capacitance on hand x desired capacitance 

capacitance on hand - desired capacitance 

As an example, should you have on hand a 240-mmf capacitor and wish to obtain 80 maif, the problem 

would be solved thus. 

Required series 240 x 80 19200 

capacitance - - 240 - 80 - - 160 

Always use the same unit for all capacitances in any of these formulas. Have everything in micro-

microfarads or else everything in mIcrofarads. 

120 mmf 

SOURCE 

Fig. 72-12. How an applied voltage divides unequally between unequal series capacitances. 
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()Another thing to remember is that any voltage, either d-c or a- c, applied across unequal capacitances 
in series will divide inversely as the capacitances. 

In Fig. 72-12 we have 180 volts across series connected capacitors of 240 rnmf and 120 mmf. The unit 
having twice as much capacitance as the other one gets half as much voltage, while the unit having half 

as much capacitance gets twice as much voltage. I;ith any number of series capacitors, the one with 
greatest capacitance always carries the least voltage drop, and the one with least capacitance carries 

the greatest voltage drop. By forgetting how voltage divides you quite easily may puncture a small ca-

pacitor which is in series with a larger one in a high-voltage circuit. 

Division of capacitor voltages may help us out when we need a capacitor of higher voltage rating than 
anything on hand. Often it is possible to use two or even more than two lower voltage capacitors in 
series, Inasmuch as whatever voltage is applied to the series group will be divided between them, the 

effective working voltage becomes the sum of the voltage ratings of all the capacitors together - provided 
that all the capacitors are of the same capacitance and that all are rated for the same working voltage. 

As an example, you might need capacitance of 0.1 mf to stand 600 volts, and have on hand only 400-

volt units. By using two 400-volt 0.2 mf capacitors in series you will have double the working voltage, 
making it 800 volts, and one-half the capacitance, bringing it to the 0.1 mf that is needed. 

The reason for using series capacitors of equal capacitances and voltage ratings is illustrated by 
Fig. 72-13. In diagram 1 we have 600 volts across series capacitors which each are of 0.1 mf capacitance 
and 400 working volts. The sum of the working voltages is 800, which is well in excess of the 600 

volts applied. Each capacitor carries a drop of 300 volts, which is well within its rating. 

In diagram 2 the working voltages still are alike for the two capacitors, and their sum exceeds the 

applied voltage. But the capacitances are not alike, one is three times the other, and the larger capaci-
tor carries only one-third as much voltage drop as the smaller one. The smaller capacitor is being operat-
ed above its rated working voltage and is likely to puncture if this continues. 

400 400 200 
WV WV WV 

Fig. 72-13. How one capacitor may be overloaded even when the sum of rated voltages is more than 
the total applied voltage. 
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In diagram 3 we again have equal capacitances, but now the working voltages are not alike. Their 
sum is 600 volts, and only 600 volts is being applied to the two capacitors in series. But the capacitor 
rated at only 200 working volts actually carries a drop of 300 volts, which is half the total applied volt-

age, and almost surely will blow. 

It would be possible to use small capacitors of high voltage rating in series with larger capacitors of 
relatively low voltage rating, and remain with in the rated limits of all the units. Then you would have to 
compute the inverse voltages, and a slip in arithmetic might mean the end of a good capacitor. 

The acival division of a direct voltage between series capacitors can be measured only with an ultra-

sensitive voltmeter, such as an electronic type, with a fairly high applied voltage, and with large capaci-
tances. Even then only the initial momentary readings give fairly truthful indications. The measured 
voltage will drop almost immediately, because shunting of the meter resistance across the capacitor 
produces the effect of a very leaky capacitor. The voltage division across fairly large capacitances is 
easily measured with an a-c voltmeter of usual sensitivity when applying a-c voltage to the capacitors. 
Then the capacitors are being continually charged and recharged in opposite polarities. 

Oftentimes you will need an a-c testing voltage lower than anything available from sources at hand, 

and when you have no suitable step-down transformer. Nearly always it is possible to obtain the lower 

A-C 
SOURCE 

TOTAL 
VOLTAGE 

PARTIAL 
VOLTAGES 

1 mf 

2 mf 

SOCKETS 

6.3 VOLTS 
60 CYCLES 

4.2 VOLTS 
DROP 

2.1 
VOLTS 

TEST 
VOLTAGE 

Fig. 72-14. A capacitance voltage divider may provide low a-c voltages for testing. 
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voltage by making up a capacitance voltage divider, as at 1 in Fig. 72-14, with two or more capacitors 
connected in series across the available source. Then any of the partial voltages existing across the 
capacitors may be employed. 

Diagram 2 illustrates how 2.1 a-c volts may be taken from the 6.3-volt a-c heater circuit of any receiver. 
Two capacitors are connected in series from the ungrounded heater pin of any socket to ground. The 
heater voltage will divide between the two capacitors inversely as their capacitances. With the larger 
capacitor on the grounded end of the voltage divider the smaller testing voltage is taken between the top 
of this capacitor and ground. Any other test voltage less than 6.3 volts could be had by suitable choice 
of capacitances. 

In applications like this it usually is necessary to give some consideration to the capacitive react-
ances of the capacitors. In the present case the supply frequency is 60 cycles. At this frequency the 
capacitive reactance of the 1-mf capacitor is about 2,650 ohms and that of the 2-mf capacitor about 1,325 
ohms, for a total series reactance of around 3,975 ohms. The applied 6.3 volts will send about 1.5milli-
amperes of alternating current through both capacitors at all times. Whatever test current is drawn will 
have to flow in the 1-mf capacitor in addition to the 1.5 ma, which will increase the voltage drop in that 
capacitor and will reduce the test voltage. 

If no current were taken through the test connections we might have exactly the same division of voltage 
with two capacitors of 0.001 and 0.002 mf. Then the two reactances of 60 cycles would be respectively 
2,650,000 ohms and 1,325,000 ohms. If the test leads then were connected to some low resistance circuit 
that circuit would attempt to take a large current. But the low resistance in parallel with the bottom capaci-
tor would so decrease the impedance and resulting voltage drop that this voltage in the test leads would 
approach zero. %ere the leads applied only across resistances of several megohms the voltage would re-
main around-2.0 even with the small capacitances in the divider. 
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In a vacuum tube voltmeter the voltage to be measured does not act directly on the indicating meter, 

but is applied instead to the grid circuit of an amplifying tube. The resulting change of plate current in 
this tube then actuates a permanent magnet moving coil meter whose scale is graduated to read voltages 
applied to the grid circuit. The name "vacuum tube voltmeter" usually is abbreviated to "VTVM". This 
instrument is called also an electronic voltmeter, or it may be given various trade names by manufacturers. 

0 The great advantage of the vacuum tube voltmeter over all other types employed for television and 
radio servicing is that the resistance of the instrument itself may be made exceedingly great, even on 
low ranges, while using a meter movement of low current sensitivity. For example, with a one-milliampere 
movement it is possible to have instrument resistance of 20 megohms on a 5-volt range. This means a 
voltage sensitivity of 4,000,000 ohms per volt. When measuring a 5-volt potential difference such an 
instrument would take only one-quarter of one microampere from the measured circuit, and as a conse-
quence would give useful indications even where circuit resistances are very high or circuit currents very 

small. 

The VTVM is the only service type voltage measuring instrument which may be used satisfactorily on 
almost any control grid circuit. It will measure d-c grid voltage on an r-f oscillator without stopping os-

cillation. Of course, the VTVM may be used with equal satisfaction on high-resistance plate and screen 
circuits, or on low resistance circuits, or anywhere else that any other type of voltmeter might be em-

ployed. 

(;) The usual type of vacuum tube voltmeter is designed primarily for measuring direct voltages. Most of 
these instruments have an auxiliary built-in rectifier which allows measurements of alternating voltages 
and relative a-c power levels at frequencies up through the audio range. For measurements at radio 

frequencies it is necessary to use an external detector probe, which we shall examine a little later. Many 
instruments have provision also for measuring resistances up to several hundreds of megohms, where-

upon we have a vacuum tube volt-ohmmeter. 

Fig. 73-1 is a picture of the under-chassis wiring of a vacuum tube voltmeter which will measure direct 
voltages in either polarity, will measure alternating voltages, and which provides for continuity testing. 

Fig. 73-2 shows the internal construction of an instrument having a self-contained power supply and pro-
vision for measuring resistances as well as either direct or alternating voltages in a number of ranges. 

The basic principle of utilizing changes of plate current to indicate applied grid voltages may be em-
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Fig. 73-1. % icing for an ac-dc vacuum tube voltmeter, as seen from under the tube shelf. 

ployed in practice by means of a wide variety of electrical and mechanical designs. Among formerly 

popular vacuum tube voltmeters were those of the grid rectification and plate rectification types, operating 
like detectors of these kinds. Another variety was the slide back VTVM, which compares the effect of 
an applied grid voltage with that of an adjustable measured battery voltage. These and other early de-
signs require rather critical operating adjustments, such as for "bucking out" the normal steady plate 
current in order to read only the changes, and to compensate for variations of power supply voltage in 
their effect on measured plate current. 

Most of the objections to the earlier types of vacuum tube voltmeters disappear when we use any of the 
many modifications of what is called a bridge circuit. The elementary principle of a bridge circuit for 
vacuum tube voltmeters is illustrated by Fig. 73-3. There is a twin triode tube, or there might be two 
separate triodes. The same B plus voltage is applied to both plates. Biasing resistors of equal values, 
Ka and Kb, are connected between the two cathodes and ground or B-minus. 

If the two triodes have identical characteristics, and operate with equal grid biases, the equal plate 
voltages will cause both sections to carry equal plate or cathode currents. The two bias voltages are 
made alike in the following manner. 

The grid of triode A is returned to ground through resistor fig. Since there will be a negative bias from 

the voltage drop across resistor Ka, there will be no current and no potential difference in g, and the grid 
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Fig. 73-2. Wiring and under-panel construction of a vacuum tube volt-ohmmeter with self-contained power 

supply. 
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of triode A will be at ground potential. The grid of triode B is returned directly to ground, so is also at 
ground potential. The cathodes of both triodes are at equal potentials above ground because equal plate 
currents in resistors Ka and Kb cause equal voltage drops between the cathodes and ground. Then, with 
both grids at ground potential, we must have equal grid biases. 

We have established equal potentials at the two cathodes or at the cathode ends of the two bias re-
sistors. The current meter is "bridged" between these points of equal potential. Then there is no dif-
ference of potential across the meter terminals and there is a reading of zero current. 

The two triodes have been assumed as having identical characteristics, which seldom would be true of 
real tubes. To insure having equal potentials at both cathodes and a zero reading of the meter with ordi-
nary commercial tubes we must provide, as in diagram 2, means for varying the cathode voltages and the 
drops across the biasing resistances. 

Instead of connecting the lower ends of resistors Ka and Kb directly to ground or B-minus, this con-
nection now is made through the outer ends of a potentiometer, Kz, whose slider connects to ground. 
Moving the slider one direction will increase the resistance in series with the cathode of one triode while 
reducing it on the other triode, and vice versa. The slider may be moved to a position where voltage 
drops in the two biasing resistances are such that both cathodes are at equal potentials, even though the 
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two triodes have slightly different characteristics. This provides the desired zero difference of potential 
across the meter, and in the added potentiometer we have an adjustment for bringing the meter to an initial 

reading of zero. 

In diagram 2 of Fig. 73-3 we have added also two terminals to which may be applied a voltage to be 
measured. This voltage will act through series resistor Rs and grid resistor Rg. The portion of the volt-

age which appears across  Rg is in the grid circuit of triode A. If the measured voltage is positive at the 
upper terminal and negative at the bottom one it will make the grid of triode A more positive, or less neg-
ative, with reference to the cathode. Then triode A will carry an increased plate current or cathode cur-
rent. There will be an increase of potential at the top of resistor Ka and at the positive terminal of the 

meter. 

Application of the measured voltage has no effect on triode B, whose grid remains connected directly to 
ground. Plate or cathode current remains unchanged in triode B, and there is no change of potential at 

the top of resistor Kb or at the negative terminal of the meter. Now, entirely as a result of voltage applied 
at the measuring terminals, there is a potential difference across the meter and it will carry a correspond-
ing current to make the pointer deflect. The meter scale is graduated to indicate the values of voltages 

applied to the measuring terminals° 

It takes only a very small change of grid voltage on triode A to materially alter the plate current and 
the voltage drop across resistor Ka and part of Kz. The resulting difference of potential across a meter 
having only moderate current sensitivity results in a very considerable meter current, and there is a large 
deflection of the pointer. Since a small measured voltage causes a large deflection of the meter pointer 

we have here a highly sensitive voltmeter. 

The only current taken from the measured circuit is that flowing through series resistors Rs and grid 
resistor Rg. Resistance at may be as great as will not interfere with operation of the tube, and re-

sistance at Rs may be muck greater. The combined resistance of the two units across the measured volt-
age may be many megohms, so great that current through them is held to a fraction of a microampere. This 

is the only load placed on the measured circuit. 

A-C MEASUREMENTS. The vacuum tube voltmeter which will measure direct voltages may have a 

rectifier connected ahead of its bridge circuit. Then the d-c output from the rectifier will cause deflection 
of the meter pointer proportionately to the value of alternating voltage applied to the input of the rectifier. 

The same bridge circuit is used for measuring either direct or rectified alternating voltages. 

Fig. 73-4 shows the added parts which allow our d-c vacuum tube voltmeter to also measure alternating 
voltages when the function switch is moved from the d-c to the a-c position. To the grid circuit of bridge 
triode A we have added capacitor f , bypasses to ground any slight alternations of voltage which 

may get through the preceding circuits. We also have rearranged resistors Rs and Rg for better filtering 

of such voltage alternations. 

The added tube is a twin diode, which is our rectifier. Note that the cathode of diode 1 and the plate 
of diode 2 are connected to ground. While alternating voltage applied at the a-c input terminals is momen-
tarily of such polarity as to make the upper terminal positive and the grounded terminal negative, the 
grounded cathode of diode 1 is made negative with reference to its plate, and this diode can conduct. But 
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Fig. 73-4. Addition of a rectifier system for measurement of alternating voltages. 

the grounded plate of diode 2 is made negative with reference to its cathode, and this diode cannot 
conduct. 

While applied alternating voltage is of this momentary polarity the resulting electron flow is as shown 
by full- line arrows. The flow proceeds from the grounded input terminal to the cathode of diode 1 and 
through this diode to its plate. Thence the flow goes through resistor Ra, potentiometer Rb, resistors 
Rc and Rd in order, and to one side of capacitor Ch. From the other side of Ch the flow is to the upper 
input terminal. At the slider of potentiometer llb the potential becomes positive with reference to the 
cathode of diode 1 and to ground. This positive potential is applied through the function switch to the 
grid circuit of triode A in the voltage measuring bridge. 

When polarity of the applied alternating voltage reverses, there is reversal of polarities at the plates 
and cathodes of the diodes. The cathode of diode 1 and the plate of diode 2 becomes positive with 
reference to their opposite elements. This prevents conduction in diode 1, but allows conduction in 
diode 2. Electron flow now is as shown by broken-line arrows. This flow proceeds from the upper input 
terminal to one side of capacitor Ch, and from the other side of Ch through resistor lid to the cathode of 
diode 2. Flow goes through this diode to its plate, thence through ground back to the grounded input term-
inal. 
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Capacitor Cb is a blocking capacitor whose purpose is to prevent any d-c component of the measured 
a-c voltage from entering the rectifier circuit, so that readings of the bridge meter will be only those 
corresponding to measured alternating voltage. Were you to short circuit capacitor Ch, then apply positive 
direct voltage to the upper a-c input terminal, this voltage would cause electron flow through diode 1 
and the bridge meter would deflect. The meter reading would not correctly indicate the applied voltage, 

because it is not calibrated for this manner of operation. 

The purpose of capacitor Cf is to provide additional bypassing or filtering of voltage alternations, 
and keep them from going to the d-c bridge circuit. This capacitor, together with capacitor Ca and re-
sistors Rg and Rs, provide quite complete filteting for voltage alternations and insure that practically 
smooth direct voltage reaches the grid of bridge triode A. 

CONTACT POTENTIALS. Probably you have questioned why we need diode 2 and adjustable potentio-
meter Rb of Fig. 73-4, since neither of these seems necessary in rectifying the measured alternating 
voltage. Well, we need the second diode to furnish a contact potential which counteracts the contact 
potential developed in diode 1, and we need the a-c balancing potentiometer Rb to balance the two contact 
potentials against each other 

0 The question now becomes, what and why is a contact potential? Here is the answer. Any element of a 
tube which is in the same evacuated space with a heated cathode collects some of the negative electrons 
which are emitted from the cathode into the space charge. If these electrons cannot readily escape from 

the element it acquires a negative charge. This negative charge gives rise to a so-called contact poten-
tial on the element. Although there is no physical contact between the cathode and the other element, 
we speak of a contact potential because this phenomenon first was observed between different metals in 

actual contact or conductively connected. 

Depending on the type of tube, its age, the cathode temperature, and the resistance in series with an 
element, the contact potential may be almost anything from 0.02 volt to more than 1.5 volts. A contact 
potential can be measured only with a high-resistance vacuum tube voltmeter. It so happens that the 
d-c portion of the instrument that we are examining will measure the contact potential on the elements 

of the diodes in the a-c section. The measurement could be carried out as follows. 

With the function switch in its d-c position, as in Fig. 73-5, and no connections to the a,c input term-
inal, the a-c section is electrically isolated. If the instrument is turned on and the ungrounded d-c input 
terminal connected to the plate of diode j. while the diode cathode is hot, the contact potential at this 
plate will be found negative with reference to the cathode and ground. The contact potential will be 

fairly high because there is no conductive path from the diode plate to ground other than through the 
temporary testing connection, and most of the collected electrons remain on the plate. 

If a similar measurement is to be made on diode 2 the d-c test connection must be made at the cathode 
of this diode, because its plate and also one side of the d-c measuring circuit are grounded. The cathode 
will be found positive with reference to ground, which shows that the plate is negative with reference 
to the cathode. Contact potential always makes the affected element negative with reference to the 

cathode. 

If the twin diode tube is removed from its socket the contact potentials disappear. Also, were you to 
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Fig. 73-5. Where the contact potentials appear in the rectifier circuits. 
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temporarily disconnect either side of the heater in the twin diode, to have a cold heater and no emission, 
there would be only zero voltages where before there were contact potentials. 

Unless you have a most unusual twin diode the two contact potentials will not be alike. This is where 
the a-c balancing potentiometer comes in. Note that the negative contact potential from the plate of diode 
1 reaches the lower end of potentiometer Rb, also that the positive contact potential from the cathode 
of diode 2 is reaching the top of the potentiometer. Somewhere between the top and bottom the negative 
and positive contact potentials will balance out to zero. When you get the slider adjusted to this position 

there will be zero contact potential or no contact potential at all going to the bridge circuit when the 
function switch is in its a-c position. 

Were there no balancing by means of diode 2 the contact potential from rectifying diode 1 would make 
the top of resistor  Rg negative with reference to ground. This potential would go to the grid of bridge 
triode A, and all a-c readings would be inaccurate. Were the two contact potentials not exactly balanced 
at the potentiometer slider the zero settings for a-c and d-c measurements, and also for different ranges 

of a-c voltages could vary widely. 
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We are discussing contact potentials at some length because they have important effects not only in a-c 
vacuum tube voltmeters but also in nearly all measuring instruments which employ electron tubes in high 

resistance circuits, and in the grid circuits of all kinds of tubes for television and radio receivers. 

In a triode or pentode there will be greatest contact potential at the control grid, because this is the 
element closest to the cathode where space charge electrons are thickest. There will be smaller contact 
potential at the screen, and one still smaller at the plate. Unless these contact potentials are cancelled 
by large voltages in external circuits they will affect operation oft.the tube. This explains why the rela-
tively great contact potential at a control grid, in whose external circuit there may be a small biasing 
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Fig. 73-6. Connections made by the function selector switch in various positions. 
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Fig. 73-7. A multi-range vacuum tube volt-ohmmeter. 

voltage or none at all, can cause trouble. The actual biasing voltage on a grid may be due in greater 
measure to contact potential than to some small biasing voltage which is used intentionally. 

INPUT CIRCUITS. Fig. 73-6 shows fairly typical connections for the function selector switch in a 
vacuum tube voltmeter. The switch has three sections, a, b, and c, with four positions on each section. 

One position is for measurement of a-c voltages. Another position is for measurement of d-c voltages 
which are positive with respect to ground. A third is for d-c voltages which are negative with respect 
to ground. A fourth position is shown vacant. It might be used for an ohmmeter function, for continuity 
testing connections, or any other desired purpose. 

The upper diagram, 1, shows the switch sections in position for measurement of positive d-c voltages. 
The d-c probe, which is on the end of an external flexible cord, connects through switch section a to 
the grid circuit of amplifying triode A in the bridge system. Tlie meter no longer is connected directly 
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between the cathodes of the bridge tube, but is connected between the rotor contacts of switch sections 
b and c. The cathode of triode A is connected to the positive terminal of the meter through switch sec-
tion b, while the cathode of triode B is connected to the negative side of the meter through section c. 

Diagram 2 shows the function switch in position for measurement of negative d-c voltages. The d-c 
probe remains connected as before. The cathode of bridge triode A now has been switched over to the 
negative terminal of the meter, and the cathode of triode B is shifted to the positive side of the meter. 
When a negative d-c voltage is applied through the probe of the grid of triode A there is a decrease of 
plate or cathode current in this triode. Since the grid of triode B remains at its original voltage there is 
no change in its plate or cathode current, but we have the same effect as though this current were in-
creased. The effective increase of current raises the relative potential at the cathode of triode B. Due 
to the reversed connections of the meter this rise of potential acts on the positive terminal of the meter 
and the meter reads up scale to indicate the value of applied negative d-c voltage. 

The ability to read values of either positive or negative d-c voltages by merely shifting the function 
selector switch is a great convenience when checking plate, screen, and grid circuits, also automatic 
volume or gain control circuits and others where you sometimes encounter one d-c polarity and again the 
opposite polarity. Otherwise it would be necessary to reverse the connections of the probe and the ground 
clip for every change of polarity at points being checked. 

Diagram 3 shows the function +=elector switch in position for measurement of a-c voltages. The d-c 
probe has been disconnected, and the grid circuit of oridge triode A is connected through switch section 
a to the output of the a-c rectifier. The rectifier circuit which we have examined delivers a positive _ 
rectified voltage from its output. Consequently, switch sections b and c now connect the cathodes of 
the bridge triodes to the meter terminals in a way suitable for measuring positive direct voltages. That 

FROM A-C 
RECTIFIER 

D - C PROBE 

o 
e , 

FUNCTION 
SELECTOR   

LOWEST 
RANGE 

HIGHEST 
RANGE 

RANGE 
SELECTOR 

RS 

TO METER 

Fig. 73-8. Connections of a voltage range selector between the input and the bridge circuit. 

REV — A 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 73 — Page 12 

is, the connections between bridge cathodes and meter terminals are the same as for measurement of 

positive d-c voltages, although the switch rotors are in their a-c positions. 

There are other ways of reversing the internal connections of the vacuum tube voltmeter for measure-
ment of d-c potentials in either polarity. In some cases there is an exchange of connections to the grids 
of the bridge triodes. However the problem is handled the final result is the same - the meter reads up 

scale with a d-c voltage of either polarity being measured. 

A vacuum tube voltmeter nearly always is a multi-range instrument. The unit of Fig. 73-7 has five 

voltage ranges with full-scale limits from 5 to 1,000 volts on both d-c and a-c measurements. There 
are meter scales for voltages and for resistances. A function selector may be set for d-c voltages of 
either polarity to ground, for a-c volts, or for resistance. 

Fig. 73-8 shows connections for one kind of voltage range selector utilizing a four-position single-
section switch. The range resistors take the place of grid resistor Rg, shown connected to the grid of 

a bridge triode in preceding diagrams. To the top of the string of resistors lis applied the potential coming 
through a section of the function selector from either the d-c probe or the a-c rectifier. The bottom of 
the string is grounded. Taps at various points are connected to stationary contacts on the range selector 

switch, whose rotor is connected to the grid of the bridge triode. 

The range selector resistors form a voltage divider. Total voltage across this divider is whatever 

comes from the function selector switch. Various fractions of the total voltage are taken off by operating 
the range selector, and these fractions of the total voltage are applied to the grid circuit of the bridge 

triode. 

A voltage divider type of range selector may be designed as illustrated by Fig. 73-9. The same general 
procedure would be followed for any kind of voltmeter, electronic or otherwise, and also in laying out any 

kind of instrument, amplifier, or other device wherein certain fractions of the total applied voltage are 
required. The diagrams show an ordinary permanent magnet moving coil meter in series with a fixed 
resistor, Rs, which might represent the internal resistance of the moving coil instrument or the series 

resistor used in our vacuum tube voltmeter. 

We shall assume that the problem is to design a range selector having an input resistance of Lowe() 
ohms or one megohm on all ranges. The ranges are to be 500 volts, 50 volts, 10 volts, and 5 volts. The 

meter, or the meter and series resistance, are to allow full-scale deflection on 5 volts. 

Diagram 1 shows connections for the 500-volt range. The combined resistance of range resustor a 
and the meter circuit must be 1/100 of the total divider resistance, because 5 volts for the meter is 1/100 
of the 500 volts to be measured at full-scale deflection on this range. Therefore, this first divider re-

sistance must be 10,000 ohms. 

Diagram 2 shows connections for the 50-volt range. The meter connection has been moved up to in-

clude divider resistors a and b. Since the 5 volts required at the meter is 1/10 of the 50 volts to be 
measured at full scale, the combined resistance at a and b must be 1/10 of the total 1,000,000 ohms 
resistance, or must be 100,000 ohms. Since we already have 10,000 ohms at a, an additional 90,000 

ohms is required at b. 
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Fig. 73-9. How resistances for the range selector are determined. 

Diagram 3 applies to the 10-volt range. The meter connection has been moved up to include another 

divider resistor, c. Because the 5 volts required at the meter is 1/2 of the 10 volts to be measured, 
the combined resistance of a, b, and c must be 1/2 of the total 1,000,000 ohms, or must be 500,000 ohms. 

In a and b we already have 100,000 ohms, so at c we need an additional 400,000 ohms. 

Diagram 4 applies to the 5- volt range. Because the meter system requires 5 volts for full-scale de-

flection it is connected directly to the input of the divider. Note that on every range we have the full 
1,000,000ohms of all the divider resistances connected between the input and ground or connected across 

the applied voltage which is to be measured. 

There are many modifications of this range selector. To compensate for the shunting effect of the 

meter or meter system at the higher ranges the series resistance, Rs, may be changed simultaneously 
with changes of divider resistance. This requires an added section on the range selector switch. In 
other cases the sensitivity of the meter or meter system is varied by a number of shunt resistances. 
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Total resistance in the range selector voltage divider for vacuum tube voltmeters usually is on the 
order of 5 to 10 megohms. Always there is some additional resistance in the d-c probe, as shown in 

Fig. 73-8. The probe resistance often is one megohm, but may be 10 to 15 megohms or even more. The 
d-c input resistance of the instrument is the sum of the resistances in the probe and in the range selector. 
This d-c input resistance remains the same for all voltage ranges, rather than becoming smaller on the 
lower ranges as in the case of a simple voltmeter of the permanent magnet moving coil type. On the 
basis of ohms per volt, the input resistance of the vacuum tube voltmeter is greatest on the lowest range 

and least on the highest range. The sensitivity on low ranges becomes so great that shielded cable 
with the shield grounded is used between the instrument and the d-c probe. Otherwise there is enough 
voltage pickup from any and all kinds of electric fields to drive the meter pointer all over the scale. 

he input resistance when measuring a-c voltages is that of the range selector voltage divider plus all 
the resistances in series with the rectifier system. This a-c input resistance usually is somewhat less 
than the d-c input resistance because the a-c probe ordinarily contains no resistor. 

With reference to measurement of a-c voltages we must consider the input impedance, which is the 
combined opposition due to resistance and capacitance to ground within the instrument and in the external 
cable and probe. With any ordinary construction there are many rather large internal capacitances. They 
exist between all the conductors in wires, resistors, capacitors, or other parts and the chassis metal. 

The diode rectifier elements possess capacitances, as do also the base pins and the socket lugs. All 
these capacitances to ground may add up to something like 100 to 200 mmf. 

The internal capacitances are in parallel with the voltage applied to the measuring terminals, or rather 
with the measured circuit in which this voltage exists. The capacitive reactance decreases as the mea-
sured frequency increases, and the result is as though the instrument resistance were made lower and 
lower with increase of applied frequency. 

( he capacitive reactance of 150 mrnf at a power frequency of 60 cycles is nearly 18 megohms, but at 
an audio frequency of 5,000 cycles it is down to about 210,000 ohms. At a broadcast radio frequency 
of 1,000 kilocycles the reactance would be only a little more than 1,000 ohms, and at a video intermedi-
ate frequency we would have a near short circuit, maybe 40 ohms or thereabouts. Regardless of how 
high the input resistance may be, the input impedance never can be higher than the capacitive reactance. 
This is why the a-c VTVM by itself is not good for measurements at frequencies much above the audio 
range. No other kind of a-c voltmeter, by itself, is any better, and most of them are not so good as the 
VTVM. There are voltage readings at the higher frequencies, but they are lower than the true value of 
measured voltages. 

In addition to an error due to frequency the VTVM when used for alternating voltages is subject to 
waveform error, just as is any other instrument employing a rectifier. Some vacuum tube voltmeters are 
calibrated to indicate peak values of alternating voltages, but the majority of service type instruments 
are calibrated for r-m-s or effective values. The calibration is based on a sine wave voltage, and when 
the wave is of other than sine form the readings may be either higher or lower than the true r-m-s voltage. 

The reading of an a-c vacuum tube voltmeter results from the sum of all the instantaneous voltages 
in the rectified alternations, as these instantaneous voltages are indicated for a sine wave at 1 in Fig. 
73-10. The effective or r-m-s value is equal to a steady direct voltage at 0.707 times the peak a-c volt-
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age, as at 2. If the rectified voltage is of some other form than a sine wave, as at 3, the meter reading 
still will result from the sum of all the instantaneous voltages, but this sum may not be the same as 

with a sine wave. 

Alternating voltage waveforms represented at 1 and at 3 are symmetrical. That is, the forms are identi-
cal, although inverted, from beginning to end of each positive and negative cycle. The voltmeter would 
give the same reading with connections to the measured circuit reversed, because it would make no 
difference which alternation were rectified, the negative alternation would be just like the positive alter-

nation. 

The waveform shown at 4 is not symmetrical. The sum of the instantaneous voltages during the upper 
alternation is greater than during the lower alternation. With the meter connected to the measured cir-
cuit in a manner which would result in rectification of the upper alternation, the voltage reading would 
be higher than with connections reversed, whereupon the lower alternation would be rectified and mea-
sured. You may find quite different voltage readings when reversing the a-c meter connections during 

service operations. 

Although waveform errors can prevent readings corresponding to r-m-s calibrations, this seldom is 

of any importance in service work. About the only time we wish to know true a-c voltages is when check-

Fig. 73-10. The a-c vacuum tube voltmeter is subject to waveform errors. 

- 0.707 — — — 

N% 

A a A a, a a a 40à 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 73 — Page 16 

ing power lines, and in these lines the voltage always is very close to sine wave form. When i-. comes 
to audio-frequency measurements there usually are irregular and non-symmetrical waveforms, but here 
we seldom are so concerned with absolute voltage levels as with whether the voltage in one part of an 
amplifier or other circuit is greater or less than in another part. The chances are that the waveforms 
will be nearly enough alike at the two points as to cause the same waveform error in both cases, and the 
comparative values will give us all needed information. 

USING THE VTVM. All of the precautions which have been explained in connection with other types 

of meters must be observed when using the vacuum tube instrument for similar purposes. In addition, 
there are two other things which always must be done before proceeding to make measurements of any 
kind. 

First you must allow an adequate warm-up period, which may be anything between two or three minutes 
and 15 minutes or more. This is necessary in order that the two triodes of the bridge circuit may settle 

down to their final rates of electron emission and of cathode currents. Remember, it takes only a very 
small difference between the two cathode currents to cause a large deflection of the meter pointer, and 
if there are slight changes of emission during a series of tests the measurements may mean little or 
nothing when compared one with another. The warm-up period is necessary also to allow all resistors 
and other circuit elements to reach normal operating temperatures and corresponding values. 

The second operation which is peculiar to vacuum tube voltmeters is setting the zero adjuster, po-
tentiometer Kz in some of our diagrams, while the tip of the test probe or prod is connected to the instru-
ment ground or to the common lead. This is the only way to insure that no nearby electric or magnetic 
fields are producing a potential difference between the probe tip and the instrument ground. It is not 
enough to adjust the meter for a zero reading with the test probe open. After making a correct zero ad-
justment, pay no attention to any meter reading that occurs with the probe tip disconnected from the 
instrument ground. This indicates the pickup of potentials from surrounding fields, and it will not exist 
when you use the probe for regular checking while connected to measured circuits. 

0 A fairly good way of determining when the warm-up period has been sufficient is to make a correct 
zero setting, then a few minutes later check this setting. If the meter pointer moves away from zero 
between two settings, there has not yet been enough warming up of the parts. 

Always be sure to use the regular d-c probe, with its shielded cable and self-contained resistor, for 
making d-c measurements, but be equally sure not to use it for a-c measurements. Using the wrong probe 
will make meter readings meaningless. 

To make the most reliable measurements of voltages, either direct or alternating, it is desirable that 
ground or the common lead of the VTVM always be connected to chassis ground of the receiver or other 
part being tested. This rule is easy to follow when using service types of voltage charts and tables, 
because they almost invariably show voltages to chassis ground. 

In some cases you may wish to measure potential differences across certain parts of which neither 
end connects to ground. For example, with a tube circuit such as shown by Fig. 73-11, you might wish 
to know the voltage being applied across decoupling resistor Rd. The thing to do would be to measure 
from each end of this resistor to ground, then subtract the smaller from the larger voltage. Quite often 
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Fig. 73-11. Measured potential differences in tube circuits may be at points not connected to ground. 

you will wish to know the true plate voltage, which is the potential difference between plate and cathode. 
Then you should measure from plate to ground and from cathode to ground, and subtract. 

The real reason for this procedure is to prevent the entire VTVM from operating at some potential 

above ground, for this allows the large mass of the instrument to pick up strongpotentials from surround— 
ing electric fields and the readings are likely to be highly inaccurate. It is especially important to keep 
one of the test leads connected to chassis ground when making measurements in high-resistance or low— 
current circuits, in grid circuits for example. To determine the grid bias in Fig. 73-11 the voltages of 
the grid and the cathode to ground would be measured separately. Since one element is negative to ground 
and the other positive you would add the two voltages to determine the actual potential difference, which 

is grid bias. 

Some vacuum tube voltmeters have no internal blocking capacitor in series with the a-c input. This 

is capacitor Cb in Fig. 73-4. When you wish to measure only alternating voltage in a circuit where direct 
voltage also is present, the meter with no internal blocking capacitor requires connection of a fixed capa-
citor in series with the a-c test probe, somewhat as shown by Fig. 73-12. The series capacitance must 
be large enough, and its reactanc low enough, not to seriously drop the a-c voltage going to the meter. 
This scheme would be used principally for measuring audio-frequency voltages in plate circuits where 

a direct 13 voltage is present. 

An external capacitor in series with the a-c test lead sometimes is recommended for protecting the 
vacuum tube voltmeter against high d-c voltages which may be in the measured circuit along with she 
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Fig. 73-12. Blocking of d-c components 
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Fig. 73-13. How current may be measured 
with the VTVM. 

a-c to be measured. The voltage rating of the series unit must be amply in excess of any d-c voltage 

likely to be encountered. Unless this series capacitance is large enough not to cause a great drop in 
a-c voltage the measurements will be incorrect. 

A vacuum tube voltmeter may have built-in provisions for measuring direct currents, alternating cur-
rents, or both kinds. Direct currents may be measured without applying line power to the instrument, 

simply using the permanent magnet moving coil meter with suitable shunts for various current ranges. 

Any vacuum tube voltmeter may be used for measuring either direct or alternating currents by means of 

connections shown in Fig. 73-13. It is necessary to open the circuit in which current is to be measured, 
then close it through a fixed resistor. The resistor should be carbon or composition (non- inductive) if 
alternating current is to be measured, and the resistance must be known with considerable accuracy. 

Then, with current flowing in the measured circuit, we use the VT17111 to measure the voltage drop across 
the known resistance. Our regular rule for current gives the answer. 

Milliamperes 
1000 x volts measured across resistor 

ohms in resistor 
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The resistor should be of the lowest resistance in which existing current will give an easily and ac-
curately read voltage drop. Values such as 1, 2, 10, and 100 ohms usually are satisfactory, and they 
have numbers with which division is easy to make when using the formula. It is no more trouble to open 
the measured circuit and insert the resistor than to open it and insert any kind of current measuring meter. 
The series resistance usually may be as small as the internal resistance of any meter which would mea-

sure the same current, so the circuit is little affected while testing. 

CALIBRATING THE VTVM. To calibrate a vacuum tube voltmeter means to set the adjustable resis-
tors at values which allow accurate indications of voltages and any other circuit properties or character-
istics which may be measured. All instruments have several calibrating adjustments, usually on top of 
or underneath the tube shelf that is behind the panel. The adjustments may or may not be marked as to 
their purpose. If they are not marked, and you have no instructions applying to the particular instrument, 

there is nothing to do but experiment. 

As a general rule there are two adjustments for d-c voltage. One may be for measurement of voltages 
which are positive to ground, and the other for voltages negative to ground. Sometimes one of these ad-
justments is for keeping the meter on zero when shifting from positive to negative voltages, with another 
for obtaining correct readings. There will be at least one adjustment for correct indication of a-c volt-
ages, and when two rectifiers are used there will be another adjustment for balancing the contact po-

tentials. See Figure 73-14 

Fig. 73-14. Three calibration adjusters are between the tubes on top of the tube shelf. 
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The first step is to leave the line power turned off while, if necessary, setting the zero adjuster on 
the meter case to bring the pointer exactly to zero. The meter should be lightly tapped to make sure that 
the pointer swings freely during this adjustment. Then the line power should be turned on and the instru-
ment allowed to warm up for at least 30 minutes. 

The calibration adjustments are set while an accurately known voltage is applied through the test 
terminals or probes, bringing the meter pointer to the corresponding positions on the scale. It is best, 
when possible, to make the calibration with the VTVM connected in parallel with another meter of known 
accuracy on the source of calibrating voltage, as in Fig. 73-15. A d-c source might be a dry cell battery, 
or the 13 power supply in any other instrument or any receiver, at some point following the filter. An a-c 
source might be the heater supply in any instrument or receiver, making connections at the heater lugs 
of a socket. The a-c power line could be used if you take suitable precautions to avoid shocks and blow-
ing of fuses because of accidental shorts in your test connections. 

A d-c comparison meter may be of any sensitivity, since no matter how much or how little the source is 
loaded the comparison meter and the VTVN1 still are connected to the same voltage at the source. An 
a-c comparison meter is preferably of the moving vane type, since its inherent accuracy is better than 
that of rectifier meters. 

If no comparison meter is available, d-c calibration may be made with excellent accuracy by using one 
or more fairly fresh dry cells, connected in series when more than one is employed. Since very little 
cell current will be taken by the VTVM there will be no appreciable internal drop in the battery, and the 
measured voltage may i)e figured as 1.55 volts per cell. 

The a-c power line often is used for a-c voltage calibration, assuming it to furnish 117 a-c volts. It 
is best not to use the power line voltage when it may be somewhat low at times of peak loads. Peak 
loads occur at all meal times, while it still is dark during winter mornings, and as dusk comes on at any 
time of the year. A-c heater voltages from receivers or other testing instruments may be used for an 
approximate a-c calibration. Test instruments usually provide heater voltages fairly close to tube ratings, 
as 6.3 volts, although sometimes the heaters are intentionally run at a slightly lower voltage to have 
long life. Receivers often apply excessively high heater voltages. 

_„ialibration adjustments usually are made on the lowest voltage range of the VTVM, since this keeps 
most or all of the range resistors in the circuit. If higher ranges then do not show correct calibration 
there is little or nothing to do about it, because these readings depend on accuracy of resistances in the 
range selector system. 

Direct voltage always should be calibrated before alternating voltage. This is because the d-c bridge 
circuit or its equivalent nearly always is employed when measuring rectified alternating voltages, and 
incorrect d-c calibration would make it impossible to correctly calibrate for alternating voltages. 

lie-calibration always will be needed after the tubes in the instrument age during normal use. If a 
VTV'M is being regularly employed for service work the aging will take about two weeks, or it may be 
hastened by leaving the instrument turned on continually during three or four daytimes. Leaving the 
'instrument on all night is not too safe, there could be overheating without prompt detection, and a pos-
sible fire. 

REV — A 
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Fig. 73-15. Calibration of a vacuum tube voltmeter by comparison with a reference meter. 

Replacing a rectifier always will call for re-callibration of a-c voltage measurements. Replacing a 
bridge tube will call for re-calibration of both d-c and a-c voltage readings. 

TROUBLES IN THE VTVM. If it becomes impossible to bring the meter pointer to zero on the voltage 
functions by using the zero adjusting potentiometer, the bridge tube may need replacing. The two triodes 
or the two sections of a twin triode must be fairly well matched in emission, and usually the cathode of 
one will commence to give out while the other retains almost normal performance. Interchanging the grid 
connections will do no good, it will merely reverse the direction of error. This trouble sometimes results 

from too low B voltage, in which case the power supply rectifier probably should be replaced. 

If the pointer goes all the way to one extreme or the other, and stays there, there is likely to be an 
open circuit, a defective joint in the wiring, a defective resistor in the bridge circuit, or the function 
selector switch contacts may be bent, corroded, or dirty. 

No readings of voltage may result from open circuits and similar faults previously mentioned. There 
may be defective resistor or some form of open circuit in the range selector system. The test lead may 
not be making good contact if it is connected through a plug and jack, or there may be an open inside 

the prod. 

If the instrument cannot be satisfactorily calibrated it is possible that the meter movement has been 
damaged through misuse, or the permanent magnet may have been weakened. More probably the trouble 
is in the range selector system, either shorts or opens, or poor connections causing excessively high 

resistances. 
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LESSON NO. 74 

MEASURING CAPACITANCE AND INDUCTANCE 

When first we talked about trouble shooting, the statement was made that sooner or later it becomes 
necessary to measure voltages, currents, resistances, and capacitances on all the more difficult jobs. We 
have learned how to measure voltages, currents, and resistances, but capacitance measurements remain to 

be investigated. 

Now it happens that most of the capacitor testers used in service work make use of some form of bridge 
circuit. Furthermore, it happens that a bridge circuit may be used not only for measuring capacitance, but 
also for resistance, inductance, reactance, impedance, and even for measuring frequencies. In addition to 
all these uses you will find that the fundamental principle of the bridge is employed for purposes other 

than meastirement, in audio-frequency generators for instance. 

Because a general purpose bridge, usually called an impedance bridge, may be employed for measuring 
so many different electrical quantities it is commonly used in development laboratories, but seldom for 
service work. This bridge is not quite fast enough for service operations, because a certain amount' of 

computation may be needed in arriving at values which correspond to scale readings. But special purpose 
bridges, which measure only one kind of quantity and give direct readings, are common service instru-

ments. 

The simplest bridge circuit, used for measuring resistances, is shown by Fig. 71-1. There are four 

"arms", marked X, «S2 A, and B. Arms X and Aare in series with each other across a voltage source, as 
are also arms S and B. Branch—X-A is in parallel with branch S-B across the sourcd. A voltage indicator, 

here shown as a meter, is connected from between X and A to between Sand 13. 

In diagram 1 each of the four bridge arms has 20 ohms resistance, and the source is furnishing a poten-
tial difference of 10 volts. Half of this applied voltage is dropped in arm X and the other half in arm A of 
the upper parallel branch, and there is the same division of voltage in arms S and B of the lower branch. 
Consequently, there is a potential of 5 volts on both sides of the indicating meter, and the meter reads 

zero because there is no difference of potential across it. 

When the indicator shows a zero difference of potential the bridge is said to be balanced. Whatever 
device is used to show zero potential difference may be called the null indicator, because the word null 
means nothing. The indicator still would read zero no matter what the voltage from the source, because 
voltage drops would remain equal in the bridge arms and the same potentials would be applied to both 

sides of the indicator. 
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VOLTAGE SOURCE 
10 VOLTS 

Fig. 74-1. The elementary circuit of a resistance bridge. 

In diagram 2 the resistance in arm X has been changed to 5 ohms, with all other arms and also the ap-
plied voltage remaining as before. There is a drop of only 2 volts in the reduced resistance at X, leaving 
8 volts across arm A and at the upper terminal of the indicator. We still have 5 volts at the lower terminal 
of the indicator. There is now a potential difference of 3 volts (8 minus 5) across the indicator, and the 

pointer deflects accordingly. 

In diagram 3 the resistance at X has been changed to 80 bhms, with everything else as before. There 
is a drop of 8 volts in this 80 ohms at X, leaving 2 volts in the 20 ohms at A and at the top of the indica-

tor. The original 5 volts remains at the bottom terminal of the indicator, and there is a potential differ-
ence of 3 volts (8 minus 5) across the indicator. The pointer deflection now is opposite to that of dia-
gram 2, because here the upper terminal of the indicator is less positive or is effectively negative with 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 74 — Page 3 

reference to the lower terminal, while in diagram 2 the upper terminal is more positive than the lower termi-

nal. 

So long as we have 20 ohms at S A, and B the bridge will balance only with 20 ohms at X. The indica-

tor deflects one direction with smaller resistances at X and deflects the opposite direction with greater 
resistances at X. We could use this bridge for separating resistors into three classes, those of exactly 20 

ohms, of less than 20 ohms, and of more than 20 ohms resistance. 

Fig. 74-2 shows one way in which a bridge may be used for measuring a wide range of resistances. Arm 
X has .been provided with terminals between which may be connected any unknown resistance. The letter 
symbol "X" always stands for an unknown quantity, which here is a resistance to be measured. The re-

sistance in arm S has been made adjustable. We shall refer to this arm as the standard resistance. 

In diagram 1 the resistance at X is 5 ohms. The bridge will balance when the standard resistance is 
adjusted to 5 ohms, because when arras A and Bare equal, and the standard is adjusted to equal the un-
known resistance, there will be equal drops of voltage across X and Sto make equal potentials on both 

sides of the indicator. In diagram 2 the resistance connected at X is 80 ohms. The bridge will balance 
when the standard is adjusted to 80 ohms. The range of unknown resistances which may be measured now 

is the same as the limits of minimum and maximum resistances to which the standard may be adjusted. 

The accuracy of the bridge will be equal to the accuracy or the tolerance of the standard resistance, 

provided the resistances at A and 13 are precisely equal to each other. Measurements of ohmic resistance 
are most accurate when the source furnishes pure direct current, as from a battery. If the bridge arms and 
the unknown resistance are non-inductive the measurements may be made with alternating voltage of any 

frequency up to about 1,000 cycles, but at higher frequencies the distributed and stray capacitances may 

cause errors. 

2 V 

Fig. 74-2. An adjustable standard allows measuring a ,vide range of resistances. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.74 — Page 4 

Fig. 74-3. The ratio of unknown to standard resistances is the same as that of the two ratio arms. 

Adjustable non-inductive resistors of close tolerance and a wide range of values are quite costly. It is 
possible to use a single highly accurate standard resistance for a wide range of measurements by varying 
the relative resistances in arms A and B, which are called the ratio arms of the bridge. 

What happens when we vary the ratio arm resistances is illustrated by Fig. 74-3, where the standard 
resistance remains of 100 ohms for all measurements. In diagram 1 we have 25 ohms in ratio arm A and 
have 100 ohms in ratio arm B. The bridge will balance when the unknown resistance is 25 ohms, for then 
there are equal voltage drops in arms X and A and also in arms S and B. This causes equal potentials on 
both sides of the indicator, and it gives a null indication. 

In diagram 2 the ratio arm resistances have been interchanged. The bridge will balance with 400 ohms 
connected at X, for then there will be 8 volts drop in X and also in S, and the remaining 2-volt drop will 
occur in A and also in B. 

In diagram 1 the ratio of A to B is 25/100 or 1/4. Then the ratio of the unknown to the standard resist-
ance must likewise be 1/4, and since the standard is 100 ohms the unknown must be 1/4 of 100, or 25 
ohms. At 2 the ratio of Ato Bis 100/25 or 4, and the unknown resistance must be 4 times the standard, 
which is 400 ohms. Were the ratio arm resistances equal to each other the ratio would be 1/1 or 1, and the 
bridge would balance when the unknown resistance is equal to the standard. 

Adjustable ratio arms often consist of a potentiometer connected as shown by Fig. 74-4. The unknown 

resistance, X, and the standard resistance, S, remain as before. The connection from X and the indicator 
which formerly went to one end of arm A now goes to one end of the potentiometer, while the connection 
from Sand the indicator which formerly went to arm B now goes to the other end of the potentiometer. The 
slider of the potentiometer, which now is the junction between arms A and B, goes to the source. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.74 — Page 5 

3.55V 

100 _n_ 

100 1)... 

• 3.55 V 

10 v   

10011_ 

55 

55 _11 

10V 

100 

RANGE 
SELECTOR 

SOURCE 

GRADUATED 
DIAL 

Fig. 74-4. An adjustable potentiometer used for the two ratio arms. 

With the slider at the electrical center of the potentiometer resistance, as in diagram 1, arms A and B 
are equal and the bridge ratio is 1/1. If the slider is moved toward the connection of the unknown resist-

ance, as at 2, the portion of the resistance which is arm A is decreased, while the portion which is arm B 
is increased. The diagram shows 10 ohms for A and 100 ohms for B. The ratio is 10/100 or 1/10. The 
unknown resistance at X must be 1/10 of the standard at S. Were the unknown resistance to be 1/5 of the 

standard, the bridge would balance with the potentiometer slider moved to a position giving a ratio of 1/5 

between portions A and B. 

In diagram 3 the unknown resistance is assumed to be 1,000 ohms, which is 10 times the standard re-
sistance of 100 ohms. The ratio of unknown to standard is 10/1, and to balance the bridge the potentio-
meter slider must• be moved to give a ratio of 10/1 between portions A and B of the potentiometer resist-

ance. 
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With the slider of the potentiometer at various positions between those of diagrams 2 and 3 the bridge 

could be balanced for any unknown resistance between 10 and 1,000 ohms, employing only the single 100-
ohm unit as a standard. Moving the slider still farther in either direction would allow balancing with un-
known resistances of less than 10 ohms and of more than 1,000 ohms. 

Without working close to the ends of the potentiometer we could measure unknown resistances between 
10 and 1,000 ohms with a standard resistance of 100 ohms. Using a standard resistance of 1 ohm would 
allow measuring unknowns from 0.1 ohm to 10 ohms, and a standard of 10,000 ohms would handle unknowns 
of 1,000 to 100,000 ohms. To do all this our resistance bridge might be arranged as in diagram 4 of Fig. 
74-4, where there is a range selector switch for cutting in various standard resistances, and a pptentio-
meter dial graduated in ohms of unknown resistance. The graduation values would be multiplied or divided 
according to the range being used. 

The type of bridge which we have been examining, in which an unknown resistance is compared with a 

known or standard resistance is called a Wheatstone bridge, after its inventor, Sir Charles Wheatstone. 
There are many other types of bridges, such as Maxwell, hay, Wein, Carey-Foster, and so on, all of which 
are named for their inventors. All these other types employ the basic Wheatstone circuit, but with modifi-
cations which suit the instrument for certain special purposes. 

4-C BRIDGES. The Wheatstone bridge circuit may be used for comparing two capacitances, as at 1 in 
Fig. 74-5, or for comparing two inductances, as at 2. The unknown element is connected in arm X, the 
known or standard element is connected in arm S, and the ratio arms A and 13 are adjusted for a balance. 
Thereupon the ratio of A to B is the same as the ratio of X to S just as the resistance bridge. 

X 

PHONES 

A-C SOURCE A-C SOURCE 

Fig. 74-5. A-c bridges for measuring capacitances and inductances. 
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In these and other kinds of a-c bridges we are not making direct measurements of capacitance and in-
ductance, but rather of capacitive reactance and inductive reactance. Since reactances are measured in 
ohms they may be used in some of the arms of a bridge whose other arms are resistances, also measured in 
ohms. tleactance of any kind is a form of opposition to alternating current, and in order to have reactances 
appear in the unknown and standard elements the bridge must be powered from alternating voltage or cur-

rent. 

The voltage source for an a-c bridge may be obtained through a step-down transformer from the 60-cycle 
power line. It may be a type of vibrator, called a microphone hummer, which usually operates at 1,000 
cycles. Any kind of oscillator may be used, operating at either audio frequencies or at the lower radio 

frequencies. 

The kind of null indicator used with an a-c bridge depends to some extent on the frequency of the volt-

age source. With any audio frequency it is fairly common practice to use headphones, from which the au-
dible tone falls to zero or to minimum loudness when the bridge is balanced. It is rather difficult to identi-
fy the point of minimum loudness with an exactness allowing measurement accuracy much better than 5 to 

10 per cent. 

ilectifier meters with full-scale deflection on no more than 500 microamperes often are used to provide 
a visible null indication. As the bridge is adjusted through the balance point the meter reading will drop 
to zero or to a minimum and then will' rise again. On alternating current the meter pointer cannot swing 
from one side of zero to the other side, as with direct current, because electron flow through the rectifier 
can be in only one direction regardless of alternating polarity. Consequently, the minimum reading indi-
cates a balance. A rectifier meter is satisfactory at power line frequencies, at all audio frequencies, and 

at low radio frequencies. 

Fig. 74-6. An electron-ray tube with self-contained triode amplifier. 
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ELECTRON-RAI INDICATORS. A visual indicator widely used for all kinds of a-c bridges, as well as 
for other testing instruments of both service and laboratory types, is the electron-ray tube. This type of 

tube was developed originally for visually indicating whether or not a receiver is correctly tuned to reson-
ance for a received signal, and still is commonly used for this purpose. A popular name for the electron-

ray tube is "magic eye". 

One type of electron-ray tube is pictured by Fig. 71-6. In the end of the glass bulb farthest from the 
base is an open-ended cone shaped "target" whose inner surface toward the end of the bulb is coated with 
material which fluoresces with a bright green glow when struck by electrons. This fluorescent surface is 

clearly visible when looking' toward the glass end of the bulb. Between the base of the tube and the target 
structure is a triode amplifier. 

The construction at the target end of this type of electron-ray tube is shown at the left in Fig. 74-7. 

The cathode which serves the triode amplifier extends through a central opening in the conical target. 
This extension of the cathode supplies the electrons which cause a fluorescent glow on the target. Be-
tween one side of the extended cathode and the inner surface of the target is a thin, flat " ray-control 
electrode" which is aaached to and is electrically a continuation of the triode plate. Over the exposed 

end of the cathode is a light baffle, a small disc that conceals the red glow of the heater. 

When voltage on the ray control electrode changes in relation to voltage on the target, the fluorescent 
pattern on the target is varied as shown by Fig. 71-8, where we are looking at the target through the glass 

LIGHT 
BAFFLE 

CATHODE 

TRIODE GRID 

PLATE 
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CONTROL 
ELECTRODE 

CONTROLLING 
VOLTAGE 

Fig. 74-7. The target end of an electron- ray tube and the circuit for such a tube. 
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Fig. 74-8. How the shadow of the electron- ray tube indicates balance of a bridge. 

end of the bulb. In diagram 1 the ray-control electrode is at a positive voltage equal to only about one-
tenth of the target voltage. Then, with respect to the target, the ray-control electrode is strongly negative. 
The high positive voltage on the target is attracting electrons from the cathode, but the relatively nega-

tive ray-control electrode is keeping electrons away from about one-fourth of the target area, or throughout 
an angle of about 90 degrees. The relatively negative ray-control electrode is casting an electron shadow 

on the target. 

When there is an increase of positive voltage on the ray-control electrode this voltage comes closer to 
the target voltage, and effectively becomes less negative with respect to the target. Then more of the 
electrons from the cathode can get around the ray-control electrode, and the shadow becomes narrower, as 
at 2. The higher the positive voltage on the ray-control electrode, or the less negative it is made with 
reference to the target, the narrower becomes the shadow angle, as at 3 and 4. Finally, as at 5, there is 
no shadow at all when voltage on the ray-control electrode becomes equal to a slightly less than half the 
target voltage. The entire target area now glows bright green. This all-over glow continues no matter how 

much more positive the ray-control electrode may be made. 

How the ray-control voltage and the shadow angle on the target are governed may be explained with the 
help of Fig. 71-9, which shows connections for using the electron-ray tube as the indicator for an a-c 
bridge. The target, connected directly to the B plus supply, is at higher positive voltage than any other 
electrode. Voltage for the triode plate and the ray-control electrode comes through resistance tt, which 
usually is one megohm. Depending on how much current for the plate and ray-control electrode is being 
taken through this high resistance, it will drop the voltage for the plate and ray-control electrode to some 
value between approximately one-tenth and one-half of the target voltage. If therè is relatively large triode 
plate current, the positive voltage remaining for the plate and ray-control electrode will be dropped to a 
low value. With small triode plate current the ray-control voltage will remain comparatively high. Thus we 
find that voltage on the ray-control electrode is varied by triode plate current. 

Triode plate current is regulated by voltage on the triode grid, and since this plate current determines 
the voltage on the ray-control electrode, it turns out that the ray-control voltage really is varied by changes 
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Fig. 74-9. An electron- ray tube connected as a bridge indicator. 
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of voltage on the triode grid. When the grid is at zero voltage with reference to the cathode there will be a 

large plate current. This means minimum voltage on the plate and ray-control electrode, and a wide sha-
dow angle. When the grid is highly negative there will be but little plate current. This means high voltage 
on the plate and ray-control electrode, and either a narrow shadow angle or no shadow at all. 

With one type of electron-ray tube, called a sharp cutoff type, the shadow angles of Fig. 74-8 corres-
pond to the following voltages on the triode grid. Diagram 1, zero grid. Diagram 2, grid is 1 volt negative. 
Diagram 3, grid 2 volts negative. Diagram 4, grid 3 volts negative. Diagram 5, grid at 4 volts negative or 
at any greater negative voltage. 

When this electron-ray tube is connected as the null indicator in an a-c bridge circuit, such as that of 
Fig. 74-9, alternating voltage from one side of the bridge goes to grid capacitor  Cg,  and from the other 
side of the bridge goes through the ground connections to the tube cathode. Capacitor Cg and grid resistor 
Ita.provide grid-leak bias whose negative d-c value is approximately the same as the peak a-c voltage from 
the bridge. 

With the bridge balanced there is zero a-c voltage going to the indicator circuit, and there is zero grid 

bias on the electron-ray tube. Then the shadow angle becomes of maximum width, as at 1 in Fig. 74-8. 
When the bridge is not balanced there will be a greater. or less a-c voltage from the bridge to the indicator, 
and grid bias voltage on the electron-ray tube will become correspondingly negative. This unbalanced con-

dition will be indicated by some shadow angle less than maximum, or else by the absence of any shadow at 
all. 
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Fig. 74-10. A capacitor tester employing a bridge circuit and providing tests for leakage and power factor. 

We have examined a typical method of using an electron-ray tube as the null indicator for an a-c bridge. 
The circuit might be modified in various ways without affecting the principles of operation. We might use 
some other type of electron-ray tube, possibly one having two or more than two ray-control electrodes and 
no self-contained amplifier. This would call for an external amplifier. As we come to other parts of our 
work in which electron-ray tubes are useful we shall take up their applications, but for the-present we may 
leave these interesting devices and get back to the measurement of capacitances and the testing of capaci-
tors in general. 

CAPACITOR TESTERS. Bridges designed for measuring capacitances during service operations usual-
ly provide in addition a test for leakage and also for what is called the power factor of electrolytic capaci-
tors. Such an instrument is illustratei. by Fig. 74-10. The target end of an electron-ray indicator tube is 
back of a panel opening which shows near the top of the picture. Lower down is a rectifier tube for the 
self-contained power supply that furnishes d-c voltages for the electron-ray tube. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 74 — Pagel 2 

) 
Leakage tests are not made with a bridge circuit, but by applying to the capacitor a direct voltage ob-

tained from e divider system on the power supply. Leakage current, if any, may be measured with a sensi-
tive meter, or by applying a resulting voltage to the electron-ray tube, or by using a small neon lamp that 
flashes intermittently on slight leakages or glows steadily on large ones. The leaicage resistance of a 
capacitor is the resistance of the dielectric in parallel with resistance through and over the surface of the 

protective insulation that houses the capacitor. It is the resistance offered to a continuous electron flow 
or to a direct current from one terminal to the other of the capacitor. 

The leakage resistance of paper, mica, and ceramic capacitors in good condition always is well in ex-
cess of 100 megohms. Leakage current through such resistance is too small to be readily measurable when 
applying any voltage less than would cause breakdown of the capacitor. 

The normal leakage resistance of an electrolytic capacitor in good condition is much lower than that of 
paper, mica, and ceramic units, and will allow a current that is quite easily measurable. As a result, the 
sensitivity of leakage indicators for testing electrolytics must be such that no leakage will be shown when 

the testing voltage applied to a good capacitor does not exceed the rated working voltage of the unit. An 
electrolytic capacitor which has been idle for even a short time may show high leakage when first tested. 

But after the d-c testing voltage has been applied for five to ten minutes the internal resistance will rise 
and the leakage indication should disappear. If leakage still appears, the unit should be replaced. Of 
course, it is necessary to apply the d-c testing voltage in correct polarity, or there will be a continued 
large leakage. 

When preparing to test any capacitor of more than a few thousandths of a microfarad capacitance you 
always should short circuit its terminals on each other before disconnecting it from a receiver circuit. Af-
ter any capacitor has been checked for leakage, always discharge the capacitor by shorting its terminals 
as soon as disconnected from the tester. These precautions will avoid unpleasant shocks and possible 
damage to equipment. 

In the capacitance bridge circuits shown by Figs. 74-5 and 74-9 the unknown capacitance is compared 
with a known or standard capacitance by adjusting the ratio arms. We have assumed pure capacitive re-
actances in both positions. But because the plates and internal connections of all capacitors consist of 
conductors, both the unknown and the standard capacitor must have internal resistance as well as capaci-
tive reactance. 

This resistance of the conductors inside a capacitor must not be confused with the resistance through 
the dielectric and the insulation, which is the leakage resistance. Electrons should not pass through the 
path of leakage resistance, but the internal conductor resistance is in the path of all electrons flowing in-
to and out of the capacitor. The conductor resistance opposes electron flow and causes dissipation of 
energy, just as does any other resistance through which a current must pass. The capacitor really con-
sists of capacitance or capacitive reactance having in series with it the internal conductor resistance. 

In paper, mica, and ceramic capacitors which are in good condition the internal conductor resistance is 
so small as to be negligible so far as routine service tests are concerned. But the internal resistance of 
electrolytic capacitors may be as much as several hundred ohms, which acts just like a separate resistor 
connected in series with a perfect capacitor. 
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Fig. 74-11. A resistive balance element in the standard arm of a capacitance bridge. 

Unless the internal resistance of the tested electrolytic capacitor can be balanced by an equal resist-

ance in series with the standard arm of the bridge it will be impossible to balance the bridge. Even 
though there were to be a balance between the two capacitive reactances, there could be no null indica-
tion unless there were a simultaneous balance between the two resistances. To allow making a resistive 
balance we may connect an adjustable resistance in series with the standard capacitor, as in Fig. 74,11. 

The balancing resistance of capacitor testers usually is marked as a measurement of power factor, be-
cause the amount of internal resistance in the capacitor being tested is a measure of power that is dissi-
pated. Technically, the power factor of a capacitor is the cosine of the electrical angle by which the cur-
rent leads the voltage. When the power factor is normally small, as in good capacitors, it is practically 

equal to what is called the dissipation factor. The dissipation factor is simply the ratio of the internal re-
sistance in ohms to the capacitive reactance in ohms. Since reactance varies with applied frequency, the 
dissipation factor will vary with the frequency of bridge supply voltage. When the power factor adjustment 
on a capacitor tester is graduated in percentages, these are the percentages of the capacitive reactance 
which are represented by the internal 'resistance of the tested capacitor. 

The greater the power factor or dissipation factor the more power will be turned into heat by the capaci-
tor. Also, a high power factor lengthens the time constant of the circuit in which the capacitor is used, 
and thus reduces the effective capacitance below the actual capacitance of the tested capacitor. 

When a capacitance bridge is equipped with a power factor adjustment, the first step is to leave this ad-
justment turned off or short circuited while balancing the bridge for capacitance to obtain the best possible 
null indication. Then the power factor adjustment is set where it gives the best possible null indication. 
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These two steps balance the bridge first for capacitance, then for resistance. It may be necessary to work 
back and forth between the capacitance adjustment and power factor adjustment to get the sharpest null 
indication. 

The internal resistance which is involved in the power factor or dissipation factor cannot be measured 
with an ohmmeter, but only with a bridge. The ohmmeter applies direct voltage, which can force no meas-

urable current through the capacitor dielectric and which, therefore, can force no measureable current 
through the internal resistance in series with the dielectric of the capacitor. 

A few of the many variations in practical bridge circuits are illustrated by Fig. 74-12. Three capaci-
tance ranges are provided in diagram 1 by using three standard capacitors at S, and cutting in one or the 

Fig. 74-12. Capacitance bridges with range selectors, 1 and 2, and interchanged connections of the 
power supply and indicator for a bridge, 3. 
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other by means of a rotary switch. A power factor adjustment is in series only with the largest standard 
capacitor, since power factor measurement or resistive balance would be needed only for electrolytic ca-

pacitors which come in the larger capacitances. 

In diagram 2 the ratio arms, A and B, consist of separate adjustable resistors rather than a potentio, 

meter. The continuously adjustable arm B is used for balancing the bridge for capacitance, and it would 

be graduated in micro-microfarads and microfarads. Arm A consists of several different resistances which 
may be cut in one at a time by a rotary selector switch to provide several ranges. With this arrangement 

the capacitance scale on arm 13 will have nearly uniform graduations from one end to the other, while with 
a potentiometer as in diagram 1 the scale will be crowded at one end and open at the other end. 

Up to this point all of our diagrams have shown the a-c source connected to a point between the ratio 

arms, and the indicator connected across the ratio arms. Any of the bridges may have the power supply 

and indicator connections interchanged, as shown at 3 in Fig. '74-12. A bridge may be designed to work 

in just the same way with these connections as with.those shown in earlier circuits. 

INDUCTANCE BRIDGES. Although inductance is one of the most important properties of all tuned cir-
cuits, as well as of many'filtering and decoupling circuits, this property seldom is measured during ser-
vice work. It is usual practice to check tuning coils, couplers, peaking coils, chokes, and transformer 

windings only for open circuits or excessive resistance by using a continuity tester or ohmmeter. We as-
sume that the value of inductance must have been correct to begin with, and that it is unlikely to change. 

Yet measurements of inductance may be decidedly helpful when winding a tuning coil or a high-frequency 
choke, when selecting a choke which is to be effective within certain frequency limits or in a power sup-
ply filter, when checking transformer ratios, testing for shorted turns, and for determination of Q-factors. 

The quickest and easiest way to measure inductance and Q-factor is with a bridge. We might use a type 

of bridge which compares an unknown inductance with a standard inductance, as at the right in Fig. 74-5. 
The objection to this method is that a standard inductor of high accuracy, high Q- factor, and low distri-
buted capacitance costs about as much as a complete service type capacitance tester. Fortunately, pre-
cision capacitors of equivalent excellence cost much less, and for this reason many inductance bridges 
have been designed which compare the inductive reactance of a tested inductor with the capacitive re-

actance of a standard capacitor. 

Fig. 74-13 shows the inside of a service type inductance bridge using capacitors as standards of re-

actance. At the top of the picture is a range selector switch that controls two arms of the bridge. In the 
center is a variable resistance unit forming a third arm. The inductor to be measured is the fourth arm of 

the bridge. Down below may be seen a rectifier microammeter for the indicator and an adjustable resistor 
which allows making a resistive balance and also measures the Q-factor of the inductor being tested. This 

instrument requires an external a-c power supply. 

The conductors in all coils and all windings have some resistance. These elements also have energy 

losses which are the equivalent of resistance. Therefore, it is necessary to balance an inductance bridge 

for resistance or dissipation of the inductor as well as for its inductance if a sharp null indication is to be 

obtained. 
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Fig. 74-13. An inductance bridge with an a-c microammeter for the indicator. 

The circuit for a commonly used type of inductance bridge is shown by Fig. 74-14. In one arm we have 
the unknown inductance, X. In a second arm, A, is a variable resistor whose dial may be graduated in 
units of inductance. A third arm, Et consists of several resistors which are selected by the range switch. 
In the fourth arm are standard capacitors, S, also selected by the range swi,tch, and in parallel with this 
arm is the resistive balance element from whose setting may be determined the Q-factor of the tested in-
ductor. 

With the arms thus arranged we have a Maxwell bridge, in which connection of the resistive•balance ele-
ment allows checking inductors whose Q-factor is 10 or more. By placing the resistive balance element in 
series with the standard capacitors we would have a hay bridge, suited for checking inductors having Q-
factors greater than 10. By interchanging the positions of the elements in arms A and S while leaving the 
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X and R arms as shown we would have an Owen bridge. With still another arrangement, called the Schering 
bridge, there would be both capacitance and resistance in all arms except that for the unknown. These few 

variations are mentioned chiefly to bring out the fact that a large book might be written on the subject of 

bridges. 

In all of these bridges the inductance of the measured element is proportional to the product of resist-
ances and capacitance in the other three arms. In the Maxwell bridge of Fig. 74-14, and also in the hay 
and Owen bridges, the formula for unknown inductance is simple. 

Microhenrys= A in ohms x It in ohms x S in microfarads 

It may seem strange that we don't have to consider the frequency applied to the bridge when measuring 
inductance. This is because any increase of frequency causes the inductive reactance of the measured 
unit to go up, while the capacitive reactance of the standard goes down. Any lower applied frequency 
drops the inductive reactance ànd raises the capacitive reactance. The product of the two reactances re-
mains the same no matter how the applied frequency is changed. The Owen bridge also is independent of 
frequency, and the hay bridge is practically so when the Q-factor of the measured inductor is more than 10. 

Inductive reactance, and corresponding inductance, are determined by adjusting resistor A or the in-
ductance dial of Fig. 74-14 to balance the bridge as sharply as possible. Then the resistive balance or 
Q-factor dial is adjusted to balance the bridge for resistance or dissipation of the tested inductor. The Q-
factor of an inductor is the ratio of its inductive reactance to its resistance or equivalent energy loss, both 
in ohms. Consequently, the resistive balance dial may be graduated to read Q- factors. 

UNKNOWN 
INDUCTANCE sss 

s., 

INDICATOR 

INDUCTANCE 
DIAL 

A-C SOURCE 

Q. FACTOR 
DIAL 

Fig. 74-14. Circuit connections for an inductance bridge. 
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Fig. 74-15. Capacitance tester circuit employing an a-c current meter. 

OTHER ,VETHODS OF YEASUREVENT. All of the methods described in another lesson for measuring 
resistance by means of a d-c voltmeter and milliammeter, or with a d-c voltmeter of known internal resis-
tance, may be adapted for,measurement of capacitance and inductance by using a-c meters. Resistance in 
ohms, as measured by means of d-c instruments, is opposition to flow of direct current. Reactance in ohms 
is opposition to flow of alternating current. If we employ a-c voltmeters and millianuneters instead of d-c 
instruments it is possible to measure inductive or capacitive reactances in ohms. 

Inductance is directly proportional to inductive reactance. If our instruments can be made to measure 
the inductive reactance of a coil or winding it is an easy matter to translate this measurement into equiva-
lent inductance in henrys, millihenrys, or microhenrys. This may be done with simple formulas or by suit-
ably graduating a dial scale for the testing instrument. 

Capacitance is inversely proportional to capacitive reactance. Any measured value of capacitive re-
actance may be changed to the corresponding value of capacitance in microfarads or micro-microfarads, 
either by using formulas or by suitably graduating a meter dial scale. 

An a-c millianuneter or a-c voltmeter may be used for measurement of capacitance with a circuit as sim-
ple as shown by Fig. 74-15. The capacitor to be tested is placed in series with a source of alternating 
current, the meter, and a protective resistance of a value which allows full scale deflection of the meter 
with the test terminals short circuited on each other. The press button switch is normally open when tiee 
capacitor is connected between the test terminals. If the meter reads full scale the capacitor is internally 
shorted, and if it reads zero the capacitor is internally open. If neither of these indications occur, the 
switch is pressed closed and the meter reading is observed. 

You might graduate the meter scale in units of capacitance by testing a number of capacitors of known 
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Fig. 74-16. Resistance of the testing meter determines whether capacitance scales are open or crowded. 

values and marking their capacitances on the scale at the corresponding pointer deflections. The pointer 
would deflect proportionately to current in the testing circuit and the meter. For any given supply fre-
quency the current would depend on the applied a-c voltage and on the total opposition to current flow. 
This total opposition would consist of capacitive reactance in the measured capacitor plus resistance in 
the meter. 

As an example, assume that the supply frequency is 60 cycles, that 10 volts is the applied a-c potential 
difference, and that you check capacitors having values from 0.01 to 0.25 microfarad. When using a certain 
meter the scale might turn out to be easily read, as at ! of Fig. 74-16. The graduations are quite uniform-
ly spaced from end to end. When using a different meter the scale markings might start out from the low 
end as at 2. They ale easily readable at the low end, but all the higher readings crowd together. Even 
though you check a capacitance as large as 1.0 microfarad, the reading would not be very much higher than 
for 0.1 microfarad. 

The difference between the two scales is due wholly to difference between the internal resistances of 
the two meters. Resistance of the meter used in making scale ! was about 5,300 ohms, and of the meter 
for scale 2 about 65,000 ohms. Why this makes such a difference between scales is explained as follows. 
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Whether a meter goes by the name of voltmeter or milliammeter, it is really a current meter because its 
pointer deflects proportionately to current. A voltmeter has relatively high resistance, while a milliam-

meter has less resistance. Otherwise they are alike. The current in either meter, and resulting pointer de-

flection, always are proportional to applied voltage and to the total of resistance and reactance in the test 
circuit. 

If the meter resistance is small in comparison with the capacitive reactance of the tested capacitor, the 

graduations for capacitance will be quite uniform. This is because the small amount of meter resistance 

has little effect on total circuit resistance. This total is determined almost entirely by the relatively large 
reactance of the capacitor tested. 

On the other hand, if meter resistance is large in comparison with the capacitive reactance, the circuit 
current will be determined almost entirely by the relatively large meter resistance. When the tested ca-
pacitances are great enough to have small reactances, the circuit current and the meter reading will re-
main almost unchanged. 

Here is an example of what happens. The reactance of 0.5 mf at 60 cycles is about 5,300 ohms, and of 
1.0 mf it is about 2,650 ohms. If meter resistance is 65,000 ohms the total circuit opposition when testing 
0.5 mf is 70,300 ohms, and with 10 volts applied the current is about 0.1423 ma. When testing 1.0 mf the 

total opposition is 67,650 ohms and current is 0.1478 ma. The difference between currents is less than 
1 per cent for a 100 per cent increase of capacitance tested. 

The crowded scale at 2 in Fig. 74-16 could be spread out over the dial by applying a higher voltage, 
but the high end still would be badly crowded. In order to measure large capacitances, which have small 
reactances, the thing to do is use a meter of very low resistance. With an a-c meter having internal re-

sistance of only about 100 ohms it becomes easily possible to read capacitances from 2 to 40 mf on a well 
distributed scale, but all smaller capacitances would be crowded into the first few degrees of the scale. 

Measurements of inductance with a-c current meters involve the same general principles as measure-
ments of capacitance. A very sensitive meter is needed for checking the small reactances of small induc-
tances, while a meter of higher internal resistance will check the larger inductances such as power chokes 

and transformer windings. 
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MEASUREMENTS WITH RESONANT CIRCUITS 

Bridges and other test circuits which have been described are entirely adequate for measuring all the 
larger values of capacitance and inductance. But bridges ordinarily available for service work seldom 
will measure with acceptable accuracy any capacitances much smaller than 15 micro-microfarads nor any 

inductances smaller than about 10 microhenrys, such as commonly found in television circuits. 

a t is, however, not at all difficult to measure the small capacitances and inductances by connecting 
them into a resonant circuit, as in Fig. 75-1. Here we have a coil and a capacitor containing the two 

properties, inductance and capacitance, which produce resonance. Connected to the resonant circuit is a 
signal generator which provides radio-frequency voltages, and also an a-c vacuum tube voltmeter which 

will show a peak of voltage or a maximum voltage when the condition of resonance exists. 

Resonance exists when there are certain frequencies, capacitances, and inductances. If we know any 

two of these factors with reasonable accuracy it is easy to determine the third one by using simple for-
mulas. That is, knowing frequency and inductance allows determining capacitance, knowing frequency 
and capacitance allows determining inductance, and knowing both inductance and capacitance would 

allow computing the frequency of resonance. 

Inductances from less than one microhenry to more than 1,200 microhenrys can be measured by using 
known frequencies from any ordinary signal generator and a single fixed capacitor, which, in a mica type 

of one per cent accuracy, costs very little. 

Capacitances could be measured by using a known frequency with a known inductance, but we won't 
do it this way because you are unlikely to have available any inductor of sufficient precision for such 
work. Our method will be to measure one capacitance with the help of another capacitance, or else to 

use two known frequencies. 

With known frequencies from the signal generator we may do many other useful things. We can deter-
mine the approximate operating limits of any tuned coupler or transformer before it is installed in a re-
ceiver. We can measure the resonant frequencies of antennas and stubs. Using also the vacuum tube 

voltmeter we can determine the Q-factor of tuned circuits. 

Before talking about practical methods of making these measurements we must consider some of the 
errors most likely to occur, and how they may be reduced. Errors result chiefly from stray capacitances 
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Fig. 75-1. Using a signal generator and a vacuum tube voltmeter for measuring the inductance of a coil. 

and inductances which add themselves to the resonant circuit. The effect of stray capacitances is les-
sened by grounding one side of the resonant circuit, as at the left in Fig. 75-2. If the capacitor is a 
variable type, ground its rotor side. 

!lake all connections as short as possible to begin with, and never move them as a test progresses, for 

SIGNAL 
GENERATOR 

A- C 
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Fig. 75-2. Direct coupling and inductive coupling to a tested circuit. 
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Fig. 75-3. Using a high-frequency detector unit between the tested circuit and the d-c input to the VTVM. 

this would alter the stray capacitance and comparative readings would be meaningless. Keep odd pieces 
of metal and insulating materials away from the coil which is in the resonant circuit. 

When testing any capacitor and inductor which are connected for series resonance in normal use, tem-

porarily reconnect them for parallel resonance. The resonant frequency and all other factors are the same 
for both parallel and series resonance, but capacitance and inductance of the leads to the signal generator 
and resonance indicator have much less effect on a parallel resonant circuit. 

(:)l'he high side and ground leads of the signal generator must be connected directly to the resonant cir-

cuit if the generator is capable of delivering only small r-f power. But if the generator output can be 
made fairly high, always introduce the r-f energy into the resonant circuit by inductive coupling, as at 
the right in Fig. 75-2. This coupling improves the accuracy of all measurements. The coupling coil 
which is connected to the signal generator leads need have no more than 10 to 15 turns of any size wire, 
wound to a diameter of a half- inch to one inch. Such a coupling coil works well for all frequencies from 

100 kc to more than 10 mc. 

Place the coupling coil just close enough to the coil in the resonant circuit to obtain readable deflec-
tions on the indicator. Don't change the relative positions of the two coils during a test. If you do this 
or anything else which changes the degree of coupling, and the mutual inductance, start all over again. 

If the signal generator gives only a weak output, it is possible to have higher peak readings on the 
VTVM by connecting a crystal detector between the resonant circuit and the positive d-c probe or terminal 
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of the YTVM, as in Fig. 75-3. The rectifier may be a 1N34 germanium crystal diode or any equivalent 
type. Capacitor Ca should be of about 0.005 mf, Ch may be about 0.01 mf, and resistor lia about one 
megohm. 

HARMONIC FREQUENCIES. All signal generators produce the frequency for which they are tuned. 
This is the fundamental frequency. Practically all of them produce at the same time a frequency which 
is twice the fundamental, called the second harmonic, and also a frequency three times the fundamental, 
which is the third harmonic, and so on. Nearly every generator will deliver rather strong second har-
monics, many will furnish a strong third harmonic, and some go much higher. 

0/ when using a signal generator as a source of known frequencies it is important to work with funda-
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Fig. 75-4. Some of the effects caused by harmonic frequencies from a signal generator. 
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mentais rather than harmonics, or, if you do work with a harmonic, you must know which one it is. With a 
generator tuned to a fundamental frequency, as marked on the tuning dial, it is reasonably certain that the 
output of the generator contains also a second harmonic, probably a third harmonic, and maybe a great 

number of higher harmonics in considerable strength - all at the same time. 

How to tell the difference between a fundamental frequency and a harmonic is illustrated by Fig. 75-4. 
At 1 a signal generator is represented as being tuned for 1,000 kc or 1 mc. The output will contain the 
1-mc fundamental and harmonics of 2 mc, 3 mc, 4 mc, and probably still higher multiples of the funda-
mental. At 2 the generator is coupled to a circuit which is resonant at 3 mc. The circuit is excited by 
the third harmonic from the generator, and the VTVM shows a peak reading when the generator tuning 

control is brought to a scale marking of 1 mc. 

In diagram 3 the generator is tuned to 3 mc. This strongly excites the circuit which is resonant at 
3 mc, and the VTVM will show a peak of voltage. At 4 the generator is tuned above 3 mc. The reading 

of the VTVM will return to a lower voltage for all frequencies higher than 3mc, because neither the funda-
mental nor any harmonic then can excite with any strength, the circuit which is resonant at 3 mc. 

The resonant circuit that is being tested, however, will also show an indication of resonance at all 
harmonic frequencies of its fundamental. When the generator is tuned to 6 mc, the meter will show a 
weak indication since the resonant circuit is being shock excited at its second harmonic frequency. 

You can be assured that the resonant circuit will produce maximum voltage when the correct frequency 
is supplied from the generator and this is the only logical and practical method to use. Find the frequency 
from the generator that will produce maximum voltage across the tuned circuit, and you can safely assume 
that not only is the generator operating at the fundamental frequency, but that the resonant circuit is 

being excited at its fundamental frequency. 

CAPACITANCE MEASUREMENTS. The method of capacitance measurement illustrated by Fig. 75-5 
requires an adjustable or variable capacitor with a dial marked in values of adjusted capacitance, or 
graduated in any way that allows determining this capactance. Connect this "standard" capacitor into 
a parallel resonant circuit as at 1, using any convenient coil for the inductor. The inductance need not 

be known. Then proceed as follows. 

1. Adjust the standard to near its maximum capacitance, say to 300 mmf, and carefully note this 
capacitance value. 

2. Tune the signal generator for resonance, as indicated by a peak reading of the VTVM. It is not 
necessary to make a note of the resonant frequency. 

3. Connect the unknown capacitance in parallel with the standard, without changing the generator 

frequency. If the unknown is a variable type, connect its rotor to the rotor of the standard. See step 2. 

4. Reduce the standard capacitance to again obtain an indication of resonance. Note the new value 
of standard capacitance. 

5. The unknown capacitance is equal to the difference between the higher and lower capacitance 
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Fig. 75-5. Measuring an unknown capacitance with a calibrated variable capacitor. 

settings of the standard. In the illustration the two settings of the standard are 300 mmf and 240 mrnf. 
The unknown must be 60 mmf. 

The standard capacitor may be any commercial type having semi-circular plates, as shown at 3 in 

Fig. 75-5. This is called a straight line capacitance type. You can safely assume that maximum and 

minimum capacitances are as specified by the manufacturer, and that intermediate values are proportional 
to how far the rotor is turned. The precision of such a standard is not too good, but it should suffice for 
all service measurements. 

A slightly different method makes use of the following steps. 

1. Connect the unknown capacitance across the inductor, without the standard, and tune the generator 

for a resonance indication on the VTVM. 

2. Disconnect the unknown capacitance and connect the standard variable unit in its place. 

3. Without changing the generator frequency, adjust the standard capacitor to obtain a reasonant reading. 
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Fig. 75-6. Measuring capacitance by using two frequencies from a signal generator. 

4. The unknown capacitance is equal to the adjusted value of the standard. 

A third method does not require a calibrated adjustable standard capacitor, but only a fixed capacitor 

of known value and any convenient inductor, whose value need not be known. The procedure is as follows. 

1. Connect the fixed capacitor of known value, your standard, into the resonant circuit as at 1 in 

Fig. - 75-6. 

2. Tune the signal generator for resonance. Note the frequency as closely as possible and call this 

frequ- ency Fs. 

3. Remove the standard capacitor and connect the unknown in its place, as at 2. The unknown may 

be a variable or fixed capacitor of any kind. 

4. Retune the signal generator for resonance. Call this frequency Fu. 

5. Square the number of kilocycles or megacycles of ere first frequency, Fs, from step 2 above. 

6. Multiply the square of Fs by the capacitance, in mf or mmf, of your standard capacitor. 

7. Divide this product by the square of frequency Fu, from step 4, 

8. The result of the division is the unknown capacitance in mf or mmf, depending on which of these 

units was used in step 6. 

'fire actual unknown capacitance will be somewhat less than the value determined by any method of 
measurement, because stray capacitances add themselves to the measured capacitance. With short test 

connections well spaced and carefully arranged the difference may be as small as 10 to 15 mmf, but usu-

ally it will be on the order of 25 to 50 mmf. 
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INDUCTANCE MEASUREMENTS. The effective or apparent inductance of a tuning coil, a choke, or 
any other inductor may be measured as illustrated by Fig. 75-7. The inductor is connected in a parallel 
resonant circuit with a known capacitance, and the signal generator is tuned for a resonance indication. 
Then the apparent inductance is found from either of the following formulas. In one formula the capaci-
tance is in microfarads and the frequency is in kilocycles, while in the other formula the capacitance is 
in micro-microfarads and the frequency is in megacycles. 

M icrohenrys 
25 330  
mf x kc2 Microhenrys = 

25 330  
mmf x mc2 

Diagram f shows the inductor connected to a fixed capacitor whose capacitance is known with pre-

cision. The frequency of the signal generator is varied to obtain resonance. Then the generator frequency 
and the fixed capacitance are used in one of the formulas. 

Diagram 2 shows the inductor connected to a variable calibrated capacitor, such as the kind mentioned 
earlier. The generator is set for any frequency and left there while the variable capacitor is tuned to 
resonance. Then the values of frequency and capacitance are used in either of the formulas. Since your 
signal generator usually is more precisely calibrated for frequency than an ordinary variable capacitor 
can be calibrated for capacitance, the method of diagram 1 ordinarily is preferable. 

When varying the generator frequency be sure to tune to the frequency which gives the strongest reso-
nance indication. Should you happen to use the generator's second harmonic for resonance of the tuned 
circuit and read the fundamental frequency from the generator tuning dial, the computed inductance will 
be four times as high as the actual inductance. This is because the generator dial is set at one half the 
tuned circuit frequency. Working on a third harmonic will give a computed inductance nine times too high. 

FIXED 
FREQUENCY 

VARIABLE 
FREQUENCY 

Fig. 75-7. Capacitance measurement by substituting a calibrated variable capacitor for the unknown. 
capacitance. 
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Fig. 75-8. Measuring the Q-factor of a tuned resonant circuit. 

D-C 

Inductance , computed from a single measurement, as described, always will be greater than the true 
inductance. This is why we spoke of effective or apparent inductance. Your measurements are affected 
by distributed and stray capacitances, which affect the tuning in just the same way as additional induct-
ance. By using the method of diagram 2, where the capacitance is adjustable, it is easy to determine 
true inductance. This is the way to do it. 

Use a frequency low enough to allow setting the variable capacitance rather high on the first test. 
Call this capacitance Cf, because it corresponds to the fundamental frequency. Now, without altering 
the generator frequency, reduce the variable capacitance to get a second indication of resonance, which 

means that you have tuned the resonant circuit to respond to the second harmonic of the generator fre-
quency. Call this lesser capacitance Ch, because it corresponds to the harmonic. Then proceed as follows. 

1. Multiply capacitance Ch by 4. 

2. Subtract this product from the first capacitance, Cf. 

3. Divide the difference by 3. The result of this division is the value of distributed and stray capaci-
tances, in the same unit for measuring the tuning capacitances. 

4. Add the computed distributed and stray capacitance (from step 3) to the first tuning capacitance, 
Cf. Use the sum of these capacitances in either of the formulas for inductance. Now the formula will 

give the true inductance. 

Q-FACTOR MEASUREMENT. The Q-factor of an entire tuned circuit, including the inductor, the capa-
citor, and their connections, may be measured as illustrated by Fig. 75-8. The signal generator is coupled 

to the resonant circuit in the usual way, and r-f voltage across the resonant circuit is measured with the 
vacuum tube voltmeter. Unless the signal generator is capable of delivering an unusually high output 
voltage it will be necessary to use the detector circuit of Fig. 75-3 in order to obtain the necessary high 

voltage readings on the indicator meter. 
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Measurement is carried out as follows. 

1. Tune the signal generator to obtain a peak resonant voltage on the VTVM. Call the resonant fre-
quency Fr. The value must be noted as precisely as possible. 

2. Read the voltage at resonance as closely as possible. Multiply this voltage by 0.707 and note 
where this decreased voltage will be located on the meter scale. 

3. Tune the generator to the frequency above resonance at which the meter reading drops to the volt-
ageoof 0.707 times the resonant voltage. Read this frequency as accurately as possible and call it Fa. 

4. Tune the generator to the frequency below resonance at which the meter reading again becomes 
0.707 times the resonant voltage. Call this frequency Fb. 

5. Subtract the lower frequency, Fb, from the higher frequency, Fa. 

6. Divide the resonant frequency by the difference between low and high frequencies as found in step 
5. The result of the division is the Q-factor of the resonant circuit. 

As an example, a particular coil-capacitor circuit was found to be resonant at 3.300 mc (Fr). The higher 
frequency at which VTVM voltage dropped to 0.707 of the resonant voltage was 3.326 mc (Fa) and the 
lower frequency for the same voltage was 3.255 mc  (Fb). The difference between high and low frequencies 
is 0.071 mc. Dividing 0.071 mc into the resonant frequency of 3.300 mc gives 46.5 as the Q-factor of the 
tested circuit. 

()RESONANT FREQUENCY MEASUREMENT. The frequency for which any combination of inductance 
and capacitance is resonant may be determined by energizing the resonant circuit from the signal genera. 

PROBABLE 
RESONANT FREQUENCY 

LOWER MAXIMUM 
VOLTAGE VOLTAGE 

Fig. 75-9. Determining the resonant frequency of a circuit having low Q-factor. 
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tor and noting the frequency which causes maximum voltage on the VTVM. The indication of resonance 
will be much sharper and more accurate with inductive coupling to the resonant circuit, as at the right in 

Fig. 75-2, rather than with direct coupling as at the left. 

If the resonant circuit has a low Q-factor the resonant peak may be so broad as to make identification 

of the true resonant frequency quite difficult. Then we may resort to the method illustrated by Fig. 75-9, 

which is as follows. 

1. Tune the signal generator to obtain the highest possible reading on the VTVM. 

2. Retune the generator to any slightly higher frequency which causes the VTVM to read a lower volt-
age which is easily and precisely identified on the meter scale. Note this higher frequency as closely as 

possible. 

3. Tune the generator back through resonance and to a lower frequency at which the VTVM reads 
exactly the same lower voltage as in step 2. Carefully note this frequency. 

4. It may be assumed that the resonant frequency is midway between the higher and lower frequencies 

that give equal voltages. 

The lower the Q-factor of the tested circuit, and the broader its frequency response, the better this 
method works out. For high-Q circuits it is not so accurate as determination of resonant frequency from 

the relatively sharp peak voltage which then appears on the VTVM. 

Any adjustable coupler, transformer, or trap unit may be tuned quite closely to the frequency at which 

it is to operate when installed. It is simply necessary to couple the signal generator output to the in-
ductor of the tunable element, connect the VTVM, set the generator to the desired frequency, and adjust 
the tunable element for resonance. This is a common practice in service work involving replacement of 
some unit which is to be resonant at an operating frequency. 

Some slight readjustment will be needed after the unit is installed, because stray capacitances, tube 
capacitances, and inductances of wiring connections then will affect the tuned circuit. The final setting 

will, however, be made in much less time than without the pretuning adjustment. 

'(2.)'NATURAL FREQUENCIES. The natural frequency of an inductor is the frequency at which the in-
ductance and the distributed capacitance are "self-resonant" without any external capacitor connected to 
the inductor. Tuning coils of all kinds usually have natural frequencies so high that they cannot be mea-
sured with any ordinary signal generator. R-f chokes and some other inductors having many turns and 
large inductances often have enough distributed capacitance to be self-resonant, and to cause trouble, 

at frequencies normally existing in associated circuits. The distributed capacitance, in combination with 
the inductance, produces a parallel resonant circuit which is complete within the inductor. 

The natural frequency or self-resonant frequency may be measured as at the left in Fig. 75-10. The two 
terminals of the inductor are connected together through a resistor of about 5 ohms, or they may be short 
circuited on each other. Then, the resonant frequency is determined by tuning the signal generator in the 
usual way. R-f chokes designed for use in standard broadcast radio receivers often are self-resonant at 

television carrier frequencies, and sometimes at television intermediate frequencies. 
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CAPACITOR 

Fig. 75-10. Measuring the self-resonant frequency of an inductor (left) and of a capacitor (right'). 

Paper capacitors which are not of non-inductive construction often are self-resonant at television 
carrier and intermediate frequencies. This is because the many turns of foil which form the capacitor 
plates have enough inductance to resonant with the capacitance of the unit at some of the frequencies 
mentioned. It is best to make the test coupling from the signal generator by means of a coil which may 
be slipped over the capacitor, as at the right in Fig. 75-10. Then the leads from the VTVM are connected 
to the pigtails or other terminals of the capacitor. The self-resonant frequency is the frequency to which 
the generator is tuned for maximum reading of the VTVM, assuming, of course, that you are not working 
on a harmonic. 

HETERODYNE FREQUENCY METERS. Most of the frequency meters which will measure the frequency 
of r-f carrier voltages, oscillator voltages, or i-f voltages, originally were designed for use around amateur 
transmitting equipment. Signal strengths in such equipment are higher than available in television and 
radio receivers, and the meters require more r-f energy than can be obtained from most receiver circuits. 

._)There are a few types of frequency meters which require but little power from a measured circuit, and 
consequently are useful in our servicing work. Probably the best known and most commonly used instru-
ment of this class is the heterodyne frequency meter, sometimes called a heterodyne oscillator or hetero-
dyne detector. 

The principle is illustrated by Fig. 75-11. An r-f voltage taken from the source of unknown frequency 
is coupled through a blocking capacitor to the input of any kind of detector, which is used as a mixer. 
To the mixer input is coupled also a voltage of known frequency, usually secured from an accurately 
calibrated oscillator which may be tuned through a wide range of frequencies. The unknown and known 
frequencies beat together in the mixer, just as the carrier and r-f oscillator frequencies beat together in 
the mixer of a superheterodyne receiver. 

The output of the mixer contains a frequency equal to the difference between the known and unknown. 
As you vary the known frequency to bring it closer and closer to the unknown, their difference beat fre-



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.75 — Page 13 

COUPLED TO SOURCE 
OF UNKNOWN FREQUENCY 

KNOWN 
FREQUENCY 

o 

CALIBRATED OSCILLATOR 

MIXER OR 
"DETECTOR" 

AUDIO 
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Fig. 75-11. The principal parts of a heterodyne frequency meter. 

ZERO BEAT 
INDICATOR 

Clquency from the mixer output becomes ever lower. Finally, when the known frequency is of exactly the 

same value as the unknown, the beat frequency becomes zero and we have the condition called zero beat. 

The output of the mixer is connected to any device which will indicate the condition of zero beat, and 
equality of the known and unknown frequencies. The zero beat indicator often is a headphone. When the 
known and unknown frequencies get close enough together to cause beats at an audio frequency there is 
a high-pitched note from the phone. The pitch becomes lower as the frequencies are brought still closer. 

At zero beat the sound from the phone drops to zero. Then the unknown frequency is equal to the adjust-
able known frequency, which is read from the tuning dial of the oscillator. 

Instead of a headphone the zero beat indicator may be an a-c meter, whose reading becomes zero when 
the two frequencies are equal. It is possible also to use an electron-ray tube in much the same way as 
for the null indicator on an a-c bridge. Commercial forms of heterodyne frequency meters include the 
variably tuned calibrated oscillator, the mixer, an audio amplifier for the mixer output, and either some 
form of visual indicator or else terminals to which may be connected a headphone. There are also input 
terminals to which may be connected the leads from the source of unknown frequency. Some signal gene-
rators include a mixer and audio amplifier which, with the regular oscillator of the generator, allow using 
the instrument as a heterodyne frequency meter as well as a signal generator. 

Frequency meters are employed in either of two ways. First, they may be used to measure the radio 
frequency at which any circuit actually is operating. This circuit may be in a receiver or in any other 
kind of equipinent. For making such measurements the unknown frequency from the circuit being checked 
is coupled to the input of the frequency meter. Then the oscillator of the meter is tuned for zero beat, and 
the unknown frequency is read directly from the dial of the frequency meter. 
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The second way of using the frequency meter allows aligning or adjusting any oscillator which is to 
operate at some certain radio frequency. The circuit to be aligned is coupled to the input of the hetero-
dyne frequency meter. The oscillator of the meter is tuned to the frequency at which the circuit is to op-
erate. Then the trimmers or other tuning adjustments of the circuit are aligned to obtain zero beat. The 
circuit then is operating at the frequency indicated on the dial of the frequency meter. 

Diagram 1 of Fig. 75-12 shows a connection for checking the frequency of a radio carrier (from a broad-
casting station). The meter input lead is clipped to the high side of the signal grid circuit of a converter 
tube, and the meter is tuned for zero beat. The capacitance of the meter connection will detune the grid 
circuit to some extent. 

At 2 the frequency meter is being used for checking or adjusting an r-f oscillator frequency, which here 

is from the oscillator circuit of the converter tube. Usually it is necessary only to lay the free end of 
of the coupling wire near the oscillator coil. If necessary, the pickup may be increased by attaching to 
the end of the coupling wire a small-diameter coil of five to ten turns, with one end of the coil left open. 

Fig. 75-12. Some methods of using a heterodyne frequency meter. 

REV—A 
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A small pickup coil or search coil on the end of the input lead may be used for obtaining r-f voltage 

from any circuit in any device which is operating at high frequency. 

The strongest beat frequencies and the most distinct indication of zero beat will be secured when no 
harmonic frequencies are involved, when the frequency meter is tuned to the same frequency as that from 
the source of an unknown frequency. If the meter dial is tuned to one-half or to one-third or to any other 
simple fraction of the unknown frequency the corresponding harmonic of the meter frequency will beat 
with the unknown to cause relatively weak indications. If the source of unknown frequency is producing 
harmonics of its own fundamental frequency, these unknown harmonics will cause beats when the fre-
quency meter is tuned to twice or three times or to any other whole number of times the unknown funda-
mental. The surest way to avoid harmonic effects is to reduce the sensitivity of the frequency meter 
until zero beat is indicated at only one setting of the dial rather than at several settings. 

An experimental or temporary heterodyne frequency meter may be made up as shown by Fig. 75-13. 
The source of known frequency is any available r-f signal generator. The mixer is the audio detector of 
any standard broadcast radio receiver. The amplifier and zero beat indicator are the a-f amplifier and 

loud speaker of the receiver. 

The low sides (ground or B-minus) of the signal generator and the source of unknown frequency are 
connected to chassis ground or B-minus of the receiver whose detector is to be used. The high side lead 
from the signal generator is connected through a blocking capacitor of about 0.001 mf to the plate or 
plates of the diode detector. No connections in the receiver need be opened or otherwise altered. The 

UNKNOWN 
FREQUENCY 

o 

SIGNAL 
GENERATOR 

I - F 
TRANS-
FORMER 

A - M 
DETECTOR 

VOLUME 
CONTROL 

Fig. 75-13. A signal generator and the detector of a radio receiver used as a heterodyne frequency meter. 
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Fig. 75-14. A grid dip meter which is small enough to be held by one hand while tuned with the tuumb of 
the same hand. 

pickup lead from the source of unknown frequency is coupled through another 0.001 rnf capacitor to the 
same detector diode plates. 

Turn on the receiver and tune it to a point on its dial where no broadcast station can be heard with the 
volume control at maximum. Leave the volume control at maximum and slowly tune the signal generator 
until a high-pitched note is heard from the loud speaker of the receiver. Carefully tune the generator 
until the sound is zero, in between two regions of high pitch. Reduce the receiver volume control until 
there is a recognizable zero beat at only one generator frequency. Now the unknown frequency may be 
read directly from the tuning dial of the signal generator. This scheme works well all the way from the 
lowest generator frequency, usually around 100 kc, up to 20 or 30 mc or to even higher frequencies. 

()GRID DIP METERS. One of the most useful measuring instruments for any service operations involving 
radio frequencies is the grid dip meter, often called a grid dip oscillator. This type of meter is essenti-
ally a calibrated r-f oscillator in a circuit containing a milliamme ter which indicates resonance. Fig. 75-
14 is a picture of a grid dip meter with part of the housing removed to show some of the internal con-
struction. 

The action is most easily explained by reference to the circuit diagram at 1 in Fig. 75-15 which repre-
sents a typical grid dip meter with the exception of the B-power supply, which usually is built into the 
instrument. The oscillator here is a Colpitts type, although other types may be used. Tuning is by means 
of the variable two-section capacitor Ca-Cb. 

The externally mounted tuning coil has plug terminals that fit into jack openings on the instrument 
housing. One such coil may be seen in Fig. 75-14. With any one coil plugged in, the oscillator may be 
tuned through a frequency range of approximately two or two and one-half to one. By using as many as 
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ten different coils to provide ten ranges it is possible to tune from below the lowest intermediate fre-
quency used in standard broadcast receivers to well above the highest carrier frequency in the very-high 

frequency television channels. 

In the grid circuit of the oscillator, between grid resistor Rg and ground, is a milliammeter that indicates 
grid current. Depending on the frequency range being used and on the frequency to which the oscillator 
is tuned within that range, the pointer of the milliammeter normally stands somewhere between one-quarter 
and three-quarters of full scale. This milliammeter is the resonance indicator. 

The grid dip meter is intended primarily for measurement of the resonant frequency of circuits or parts 
which are not connected into any live circuit, or which, if connected, are not carrying voltages or currents 
while measurements are made. For such purposes the external coil of the instrument is placed near 

B 

CA 

CB 
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Fig. 75-15. Internal connections of one type of grid dip meter. 
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enough to the measured circuit or part to allow inductive coupling. Then the meter is tuned through a 
range of frequencies which is thought to include the resonant frequency of the circuit or part being tested. 

Some energy is taken from the oscillator circuit by the tested circuit at all frequencies. But when the 
grid dip oscillator is tuned to the frequency at which, the coupled circuit or part is resonant the absorbed 
energy increases. This causes the oscillator plate current to increase and the grid current to decrease 
sharply. This decrease of grid current is indicated by the milliammeter, whose pointer drops or " dips" 
at resonance. This indicates that the resonant frequency of the tested circuit or part is the same as 
shown by the tuning dial of the grid dip meter. 

When the instrument is tuned from one end to the other of a range of frequencies, the oscillator grid 
current with most designs increases or decreases at a nearly constant rate. But as the tuning goes 
through the resonant frequency of the coupled circuit or part, there is a sharp drop of the meter pointer, 
followed by a rise on the other side of resonance. 

The grid dip meter may be used also for alignment or adjustment of any tunable coupled circuit, whether 
the circuit or part containing it is connected into a receiver or has been isolated and removed. The in-

strument is tuned to the frequency at which the coupled circuit is to be made resonant. The milliammeter 
pointer then will dip when the coupled circuit is aligned or tuned to the frequency at which the grid dip 
meter has been set. If the coil mounted on the instrument cannot be brought close enough to the tested 
parts for inductive coupling, one turn of insulated wire may be wound around the meter coil and the other 
end of this wire placed close to or clipped to the circuit being aligned or otherwise tested. 

Tests such as described may be made on transformers, single winding couplers, traps, and all other 
tuned circuits. It is possible also to measure natural or self-resonant frequencies of chokes or other 
inductors, also of paper capacitors, and even of resistors, which sometimes are resonant at very-high 
frequencies. 

Capacitances and inductances may be measured by methods described earlier in this lesson. The grid 
dip oscillator takes the place of the signal generator, and resonance is indicated by a dip of the milliam-
meter pointer instead of by the VTVM. Otherwise the procedures are unchanged. 

The grid dip meter actually is a signal generator, because there is strong radiation from the externally 
mounted coil. There is no way of regulating or attenuating the strength of radiated signals, nor are these 
signals confined by shielding such as used in regular signal generators. As a result, when the grid dip 
meter is tuned to a broadcast radio frequency there will be pickup by all nearby radio receivers. If tuned 
to a television carrier frequency or intermediate frequency there will be pickup by all television sets in 
the close vicinity. 

One of the more useful applications of the grid dip meter operated as a signal generator is the measure-
ment of Q-factor of any tuned circuit in which r-f voltages may be induced by coupling to the coil of the 
meter. The procedure is the same as when using a regular signal generator, with a vacuum tube volt-
meter employed for measuring maximum induced voltage and 0.707 times the maximum. 

Most grid dip meters have in their oscillator grid circuits, in series with the milliammeter, a jack into 
which may be inserted a plug connected to headphones. This modification of the circuit is shown by 
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diagram 2 of Fig. 75-15. The plug consists of a central conductor ending in a metal ball, with insulating 
tubing between this conductor and an outer metallic sleeve. One headphone lead is connected to the 
central conductor and the other to the outer sleeve. 

When the plug is pushed into the jack one of the jack sizings is raised, thus separating the jack con-
tacts and opening the original circuit. The end of the raised spring now contacts the ball of the plug, 
while the sleeve of the plug makes contact with the lower jack spring. Thus the oscillator grid circuit is 
completed through the phones. 

With headphones connected, the grid dip meter may be used as a heterodyne frequency meter. Beat 
notes will be heard from the phones, and zero beat will be indicated by the sound dropping to zero when 
the grid dip oscillator is tuned to the resonant or operating frequency of any live circuit to which the 
meter coil is coupled. The instrument is used exactly like any other heterodyne frequency meter. For 
more distinct indications of resonance the leads from the plug in the meter jack may be connected to an 
audio amplifier and loud speaker instead of to the phones. 

The grid dip meter is especially useful for measuring resonant frequencies of any style of dipole an-
tenna, and for cutting resonant sections of transmission line to effective wavelengths. To check antenna 
frequencies the transmission line is temporarily disconnected and the inner ends of the antenna conduc-
tors are joined with a very short wire, as at 1 in Fig. 75-16. With the coil of the grid dip meter brought 
close to this wire connection the resonant frequency of the antenna is that of the meter when a dip occurs. 

CDI ANTENNA 

METER nf 

OPEN LINE 

i-C141 

SHORTED 

LINE 

Fig. 75-16. Using the grid dip meter to measure resonance frequency of an antenna, and effective lengths 
of shorted or open resonant stubs. 
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There will be a resonance indication at the antenna fundamental frequency, where the antenna is ef-
fectively a quarter-wavelength long. There will be other but weaker indications at three times, five times, 
and other odd multiples of the fundamental frequency. At these higher frequencies the antenna is opera-
ting harmonically, at three quarter-wavelengths, five quarter-wavelengths, and so on. In order that these 
measurements may indicate true performance the antenna should be located and oriented for regular recep-

tion. 

To check a shorted section of transmission line or a shorted stub couple the coil of the grid dip meter 
to the shorted conductors at one end of the line, as at 2 in Fig. 75-16. The resonant frequency corres-
ponds to a quarter-wavelength. In other words, to cut a shorted stub to an effective quarter-wavelength, 
short the two conductors at one end and cut off small pieces of the line until it is resonant at this test. 

For an open section or open stub couple the coil of the meter to the center of the line, as ata, when 
cutting the line to an effective half-waveiength. Resonance is indicated at a frequency corresponding to a 
half-wavelength. 

If you want to cut a quarter-wave open section or stub, temporarily short the two conductors on one end 
of the line and measure the resonant frequency just as shown by diagram 2. Then separate the shorted 
conductors and you have a quarter-wave open section. This method works out because in all these mea-
surements you are trying to obtain a certain length of line, as measured in feet or inches, regardless of 
whether this length will appear as a parallel resonant circuit, a series resonant circuit, a capacitive 
reactance, or an inductive reactance. 

If a section of line is to be shorted at both ends, couple the grid dip meter to either one of the shorted 
ends, as shown by diagram 4. 

All of these tests may be made on either twin conductor or coaxial line, and on shielded or unshielded 
types. It is not necessary to consider the velocity factor of the kind of line being used, since you are 
measuring actual or effective lengths as based directly on frequency or wavelength. 

To avoid harmonic responses always continue testing at lower and lower frequencies until reaching the 
lowest one at which resonance is indicated. There will be other resonances at odd multiples of this 
lowest frequency, which is the fundamental frequency at which the line is either a quarter-wavelength or 

a half-wavelength long. 
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LESSON NO. 76 

DECOUPLING AND DEGENERATION 

Every tube may be good, there may be no opens, shorts, or accidental grounds, there may be no de-
fective resistors, capacitors, or inductors — and still there may be plenty of trouble. Many of your longest 
hunts for mysterious causes of queer troubles will end with the discovery that a frequency from one part of 
a receiver is wandering into other parts where it doesn't belong, or that some circuit which should work 
only at frequencies supplied to it is producing an entirely different frequency on its own account. 

Troubles of this class are numerous enough in broadcast sound receivers, whose operating frequencies 
include r-f carrier, r-f oscillator, intermediate, audio, and a-c power. The troubles are multiplied in tele-
vision receivers where we have all the different frequencies shown by Fig. 76-1. With either kind of re-
ceiver, matters are made worse by the presence of direct currents for plates, screens, and grid biasing, be-
cause these currents like to pick up an a-c component from one section and carry it into other sections. 

To avoid these troubles, or to cure them when they exist, we must be able to do three things. 

1. Keep all frequencies within the circuits where they belong, and out of other parts and circuits where 
they may cause trouble. 

2. Prevent signals from traveling in directions opposite to those shown by arrows in Fig. 76-1. Such 
backward travel of signals is called feedback. 

3. Prevent the production of frequencies which never should exist. 

All three objects may be accomplished by applying effective methods of decoupling, by observing cor-
rect practices in grounding, by using shielding where necessary, and by correct dressing of wires 
and parts. We shall discuss these preventatives or cures in order. 

DECOUPL1NG. To decouple one circuit from other circuits means just the opposite of coupling, it 
means that couplings are prevented. To understand how couplings may be prevented we first should con-
sider how they are made. When we couple one circuit to another, alternating voltages or currents in the one 
circuit cause voltages or currents at the sanie frequency to appear in the other circuit. 

There are many ways of coupling two circuits. If you don't recall how it is done, look back at the les-
son which deals with coupling one circuit to another. In one general class of couplings we find that a re-
sistance, a capacitive reactance, and inductive reactance, or any kind of impedance is included in both cir-
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Fig. 76-1. The eight ranges of frequencies that must be kept separated in a television receiver. 

cuits, or is common to both circuits. In another general class, called inductive or mutual inductive coup-
lings, we find that a magnetic field produced by one circuit cuts through conductors which are in the other 
circuit. 

In the simple amplifier of Fig. 76-2 there are couplings which are necessary and others which would 
cause trouble. There is a necessary inductive coupling from transformer primary La to secondary Lb for 
inducing signal emf's in the grid circuit of amplifier A. There is a necessary resistance couplingbymeans 
of resistor Ro which is in the plate circuit of amplifier A and in the grid circuit of amplifier 13. Signal 
voltages pioduced across this resistor by plate current of amplifier A are put into the grid circuit of ampli-
fier D by this resistance coupling. 

Now let's look at some of the other couplings. Cathode resistors ilk and Rk are parts of the amplifier 
grid circuits, because the grid circuits are completed through these resistors, through ground, and winding 
Lb for amplifier A or through grid resistor a . for amplifier D. Resistors Ilk carry the alternating plate 
current for each amplifier and also the alternating screen current for amplifier A. Since resistors Rk are in 
the grid circuits, plate circuits, and screen circuit, they couple these circuits together at each tube. As 
we shall learn, this kind of coupling sdmetimes is desired, but more often it is not wanted. 
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Ca 

La 

Couplings which are necessary and others which are harmful in an amplifier. Fig. 76-2. 

Next, a coupling that never is wanted, the coupling through resistor ',lb. Alternating plate voltage of 
amplifier A flows not only in resistor Ro but also in voltage dropping resistor 1Lk Resistor Rb is in the 
screen circuit of this tube, it carries the screen current. Therefore, resistor Rh couples the plate circuit 
to the screen of amplifier A and alternating voltages from the plate circuit will appear on the screen. 

There is another unwanted coupling in our amplifier system. It exists in the B power supply. Alterna-
ting plate and screen currents of amplifier A can complete their path to the cathode of that tube only by 
going through one of the power filter capacitors at Cf, or through both filter capacitors and the choke, 
thence through ground to the cathode. Alternating plate current in amplifier B can return to the cathode of 
that tube only through the filter of the power supply, and ground. Thus we find that the capacitive react-
ance of the filter capacitors and the inductive reactance of the filter choke are in the signal circuits of 
both amplifiers, and provide capacitive and direct inductive couplings from one amplifier to the other. 

In order to have effective decoupling we must be able to do two things. 

L Reduce the resistance or the reactance in the path of an alternating current to a value so small as 
to prevent harmful coupling with other circuits that go through the same path. 

2. Allow direct currents or voltages for plates, screens, and grid biasing to pass to or through various 
circuits, while alternating currents are kept out of the d-c paths in which resistances or reactances might 
provide coupling. 

These methods of preventing couplings require the use of resistors, capacitors, or inductors, either by 
themselves or in various combinations. The effects of each of these elements, by themselves, on high-
frequency currents, low-frequency currents, and direct currents, are illustrated by Fig. 76-3. 
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Fig. 76-3. The effects of resistors, capacitors, and inductors on high and low frequencies and on direct 
currents. 

0 A resistor reduces all three kinds of currents in the same manner, the amount of reduction depending on Oi the value of resistance. A capacitor of any given capacitance reduces high-frequency currents relatively 
little, reduces low-frequency currents much more, and completely stops direct currents. An inductor of 
given inductance reduces high-frequency currents a great deal, reduces low-frequency currents much less, 

and has no effect on direct currents other than a slight reduction due to ohmic resistance of the inductor. 
To what extent the alternating currents are reduced by capacitors or inductors depends on the capacitive 
or inductive reactances at the frequencies involved. 

In Fig. 76-t we have used capacitors for decoupling in the amplifier system that needed it. Capacitor 
ÇJ decoupFes the grid circuit of amplifier A, from the plate and screen circuits of this tube. This capaci-
tor provides a path of low reactance from the low end of the grid circuit directly to the tube cathode, and it 
completes the grid circuit so far as alternating signal currents are concerned without going through cathode 
resistor Rk. 

Capacitor C2 decouples the plate and screen circuits of amplifier A. This capacitor provides a low re-
actance path from the screen to ground, thence through resistor Rk to the tube cathode. Alternating volt-
ages in the screen circuit then return to the cathode without having to go through resistor Rb which former-
ly provided a coupling. Alternating plate current also finds a low reactance path through capacitor C2 and 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.7 6 — Page 5 

ground to the cathode circuit without going through resistor ft. If capacitive reactance of C2 is small 
enough it will provide negligible coupling for plate and screen currents, and the two tube elements will be 

effectively decoupled. 

Capacitor C3 prevents coupling between amplifier A and amplifier B or other tube circuits through the 
power supply impedances which are common to all the circuits. Alternating plate and screen currents 
which are not returned to the cathode of amplifier A through capacitor C2 find a low reactance path through 

C3 to ground and the cathode circuit without having to go through any parts of the power supply. 

Capacitor CI performs the sanie function in the grid circuit of amplifier B that capacitor Cl performs for 
amplifier A. Note that CI is connected below grid resistor !la. Were this capacitor connected above the 
resistor it would decouple the grid of amplifier B from the plate of amplifier A and there would be no trans-

fer of signals. 

Capacitor C5 prevents coupling the plate circuit of amplifier B to other circuits through power supply 
impedances, acting for this amplifier stage in the same manner as capacitor C3 for the preceding stage. 

Fig. 76-5 shows different positions for decoupling capacitors. Cathode resistors Rk here are paralleled 
by capacitor C6 on the first amplifier and by capacitor C8 on the second amplifier. "Ilese capacitors pro-
vide low-reactance paths for all alternating currents around their respective cathode resistors, and thus re-

duce or prevent all couplings which might occur through these resistors. 

LA LB 

II 
Fig. 76-4. Capacitors used for reduction or prevention of unwanted couplings. 
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C9 I I 

Fig. 76-5. Other connections for the decoupling capacitors in the amplifier. 

Capacitor C7 provides a low-reactance path to the cathode of amplifier A from the screen and from the 
lower end of the plate load resistor. This arrangement quite completely decouples the plate and screen 
circuits, since their currents no longer have to pass together through cathode resistor Rk in getting to the 
cathode. It is especially important to decouple the screen of any pentode, because the screen is so close 
to the cathode inside the tube that any alternating voltages on the screen act almost like alternating volt-
ages on the grid. 

Capacitor CU of Fig. 76-5 is used instead of capacitors C3 and C5 of Fig. 76-1., it is intended to pre-
vent coupling of one amplifier stage to the other through impedance of the power supply. Individual de-
coupling capacitors, as C3 and C5, connected close to the plate and screen circuits of each stage are more 
effective than a single capacitor near the power supply. 

Although the decoupling capacitors do provide paths of low reactance through which most of the alter-
nating currents should pass, these paths would be of no avail were there another paralleled path having re-
sistance or impedance of even fewer ohms than the reactance of the capacitor. Then most of the alterna-
ting currents would take the easier paths and we would have little or no decoupling effect. 

Fig. 76-6 shows the resistances or impedances that are in parallel with each of our decoupling capaci-
tors in the two preceding diagrams. The little diagrams in this new figure are merely small parts of the 
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I 76-6. The resistances or impedances in which coupling may exist. 

° larger diagrams. Capacitors Cl, (. I, C6, and C8 are paralleled by resistors Rk. In order to have effective 
decoupling, the reactances of the capacitors must have much less opposition to current flow than the re-
sistances which are paralleled. 

Capacitors C3, C5, and C9 parallel the impedance of the power supply, and their reactances in ohms 
must be much less than the power supply impedance in ohms if we are to have effective decoupling. Ca-
pacitor C2 is in parallel with the combined resistance of resistor Rb and impedance of the power supply. 
Resistor Rb may be called a decoupling resistor, because it acts in conjunction with capacitor C2 to cause 

decoupling. 

/ ) The fraction of total alternating current that continues to flow through the parallel resistance or im-
\--ipedance, rather than through the cpaacitor, depends on the ratio of capacitive reactance to resistance or 

impedance. As an example, if the number of ohms reactance of the capacitor is 1/5 of the number of ohms 
of resistance or impedance, then 1/5 of the total alternating current will go through the resistance or im-
pedance and 4/5 through the capacitor. ì7ith reduction of capacitive reactance to 1/10 of the resistance or 
impedance, 1/10 of the current would go through the resistance or impedance and 9/10 through the capaci-

tor. 

For reasonably effective decoupling it is considered that no more than 1/5 to 1/10 of the total alterna-

ting current should continue on through the resistance or impedance wherein coupling might occur. Capaci-
tive reactance is computed for the lowest frequency at which there is to be satisfactory decoupling. 

At 1 in Fig. 76-7 is represented an audio amplifier whose lowest operating frequency is to be 100 cy-

cles. There is a 1,500-ohm cathode bias resistor with an 0.1 mf decoupling capacitor. The reactance of 
this capacitance at 100 cycles is about 15,900 ohms; it is so much greater than the resistance thatwehave 
practically no decoupling at all. It would take 10 mf to do this job on a 10 to 1 basis. 
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At 2 we have the same resistor and the same decoupling capacitor, but the lowest frequency at which 
we want good decoupling in this intermediate-frequency amplifier for an f-m broadcast set is 10 mega-

cycles. The capacitive reactance at 10 mc is only about 0.16 ohm, so the capacitor is far larger than 
needed. On a 10 to 1 basis we would need a decoupling capacitor of about 0.0001 mf. 

At 3 we have a television sound i-f amplifier in which there is to be decoupling on a 10 to 1 basis at 
1.5 mc. The cathode resistor is 500 ohms and the decoupling capacitor is 0.00068 mf or 680 mmf. Capaci-
tive reactance is about 52 ohms. 

Apparently it takes a lot of figuring with reactance formulas to determine the required decoupling ca-
pacitor for a job, but with the help of the alignment chart in Fig. 76-8 almost any practical problem can be 
solved in less than a minute. There are three scales. The one at the left covers capacitive reactances 
from 0.5 ohm to 30,000 ohms. The one in the center covers frequencies from 30 cycles per second to 300 
megacycles. The right-hand scale is for capacitances from 0.0001 mf, or 100 mmf, all the way to 200 mf. 

The chart is used by laying a ruler or any other straight edge across the three scales, with the edge 
exactly on whatever two values you know. Then the corresponding unknown value may be read where the 
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Fig. 76-7. Relations between reactance and resistance in some decoupling circuits. 
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straight edge crosses the third scale. If you know reactance and frequency, you can read the capacitance 
which will have this reactance. Knowing frequency and capacitance, you can read the resulting reactance. 

Knowing reactance and capacitance, you can read the frequency. 

Readings taken from an alignment chart are not so accurate as those derived from a formula, but they 
are amply accurate for all service problems. Also, you are far less likely to make serious errors with the 

chart than when working a formula. 

Let's consider this problem. At 1 in Fig. 76-7 is shown amplifier A from Fig. 764. We want capacitor 
C2 to provide 10 to 1 decoupling at a frequency of 15,750 cycles. The resistance involved is 56,000 ohms 
at Rb, plus whatever resistance or reactance exists in the common B power supply. Vie shall assume a 
well designed power supply, with negligible impedance compared with the resistance at Rb. 

Capacitive reactance of C2 must not exceed 1/10 the resistance of Rb, or must not exceed 5,600 ohms. 
Lay the straight edge on the left-hand scale of Fig. 76-8 at what you estimate to be 5,600 ohms, and on 
the center scale at what you estimate to be 15,750 cycles (or 15.75 kilocycles). The straight edge crosses 
the right-hand scale at a little below 0.002 mf, so a capacitor of 0.002 mf will do the job, with something 

to spare. The reactance of 0.002 mf at 15.75 kc is about 5,053 ohms. 

When computing decoupling capacitors for plate and screen circuits you will find that the higher the de-
coupling resistance the less capacitance is needed for effective decoupling. But the greater the decoup-
ling resistance the higher must be the D voltage from the power supply to overcome the increased drop and 

leave enough at the plate and screen. 

Doubtless you have realized before this that the decoupling capacitors now under discussion are the 
same identical units which we called bypass capacitors in other lessons. These capacitors do bypass 
alternating currents around resistors and impedances, so "bypass" is a correct name. But the purpose of 

the bypassing is to provide decoupling, so "decoupling capacitor" is another correct name. 

You will hear it said that bypass or decoupling capacitors for any frequency above the audio range 
should be mica, ceramic, or non-inductive paper types. This is true, but there are some circuits where the 
decoupling capacitance must be so great as to be unavailable in anything except an electrolytic capacitor, 
and where there are frequencies higher than the audio range. The objection to the electrolytic, and also to 
most paper capacitors, is that they possess considerable inductance, and offer much inductive reactance 
which would provide coupling for the high frequencies. 

To get around this problem we connect in parallel with the electrolytic unit a small capacitance mica or 
ceramic capacitor, as at 5 in Fig. 76-7. The capacitance of the mica or ceramic capacitor is only large 

enough for decoupling at the higher frequencies in the circuit, or for decoupling the inductive reactance of 

the large capacitor. 

R-F CHOKES FOR DECOUPLING. Decoupling resistors used in connection with decoupling capacitors 
are satisfactory where the currents are small or where the resistances may be small. For large currents 
and high resistances the voltage drops in decoupling resistors would be excessive, and too much power in 
watts would be changed into heat. Then we resort to the use of r-f chokes, which may have high inductive 
reactance at radio frequencies and yet may have very small resistance and proportionately small voltage 

drop and heating. 
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Fig. 76-8. A chart for determining the related values of capacitive reactance, frequency, and capacitance 

Fig. 76-9 is a picture of a number of r-f chokes. All of these are of "air-core" construction, which 
means only that they have no iron in their cores. Some chokes which provide large inductances do have 
powdered iron cores. Very few r-f chokes have inductances greater than 10 millihenrys or 10,000 micro-
henrys, while the smallest inductances commonly used are on the order of 0.5 microhenry. 
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Fig. 76-9. Various styles of radio-frequency chokes. 

An r-f choke must have the least practicable distributed capacitance, not because the choke may be 
self-resonant at some frequency within the normal operating range, but because this capacitance will allow 
high-frequency currents to pass through it without being opposed by the inductive reactance. A choke al-
ways is connected in series with the path wherein high-frequency currents are to be opposed, and when so 
connected the distributed capacitance is in parallel with the inductance to form an effective bypass around 
the inductance. 

Distributed capacitance is lessened by using duolateral or honeycomb windings for the choke coils 
when there are a great number of turns. Side by side pie windings with spaces between them are used for 
the same reason. Chokes made with only a few turns of wire should be space wound to lessen the distri-

buted capacitance. 

A decoupling choke may be used in a grid circuit, a plate-screen circuit, or in both places as shown at 
1 in Fig. 76-10. The inductive reactance of choke La opposes flow of alternating or pulsating grid cur-
rents to ground and forces them to return to the cathode through the low capacitive reactance of capacitor 

Ca. 

The large inductive reactance of choke Lb prevents alternating plate and screen currents of the tube 
from going to the D power supply lines, and forces these currents to return to the tube cathode through the 
small capacitive reactance of capacitor Cb. At the same time this choke keeps alternating currents which 
may be components of the direct D plus current from getting into the plate and screen circuits of the tube. 



Fig. 76-10. R-f chokes employed for decoupling. 
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HEATER 

SUPPLY 

Itt-1There is another advantage in using a choke rather than a resistor for decoupling. Every variation of 
plate current in a resi'stor causes a variation of voltage at the tube plate, because the drop of voltage in a 
resistor changes with every change of current. The ohmic resistance of a choke is negligible, and voltage 
drop across the choke remains practically constant for all normal plate current changes. Therefore, we 
have much better voltage regulation in the plate circuit, and energy of the alternating plate current or sig-
nal current is used almost entirely for producing alternating or signal voltages in the regular load resistor, 
rto of Fig. 76-10. 

If chokes are used in the grid circuit and also in the plate circuit of the same tube, the two chokes 
should not be of the same type or construction. Should two similar chokes be self-resonant at any oper-
ating frequency there would he a tuned parallel resonant circuit ( choke inductance and distributed capaci-
tance) in both circuits. This would form a "tuned-plate tuned-grid" oscillator, and the tube undoubtedly 
would oscillate at the self-resonant frequency. When chokes are mounted near each other their axes should 
be at right angles or otherwise positioned for least inductive coupling between them. Otherwise all the 
chokes, or all but one of them, should be shielded. 

R-f chokes may be used for decoupling of heaters or filaments in the several stages of the r-f and i-f 
amplifier sections of television receivers, as shown at 2 and 3 of Fig. 76-10. Unless this is done it is 
quite possible for the common heater or filament supply lines to carry high-frequency voltages between the 
stages. Diagram 2 applies to parallel heaters. There is an r-f choke between each heater and those on 
either side. There is a bypass or decoupling capacitor from each heater to ground. Diagram 3 shows the 
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equivalent arrangement for series heaters. Sometimes the capacitors are omitted and only the chokes are 
used, while in other cases there may be quite elaborate arrangements of parallel and series resonant cir-
cuits to oppose certain frequencies while passing other frequencies. 
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Fig. 76-11. A chart for determining related values of irductive reactance, inductance and frequency. 
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Heater or filament chokes most often consist of 15 to 20 turns of enameled wire wound to a diameter of 
about 1/4 inch. The wire commonly is of 20 to 24 gage size. The inductance of such a choke is about one 
mi crohenry. 

Fig. 76-11 is an alignment chart showing relations between inductive reactance (left-hand scale), in-
ductance (center scale), and frequency (right-hand scale). This chart, like the one of Fig. 76-8, is used 
by laying a straight edge on any two known values and reading the third unknown value where the straight 
edge crosses the third scale. The chart is designed especially for solving problems relating to r-f chokes. 
Maximum inductance is 50 millihenrys (50,000 microhenrys) and minimum frequency is 50 kilocycles. 

The range of this chart may be extended for larger inductances and lower frequencies in either of two 
ways. First: If you read the megacycle scale as cycles and the microhenry scale as henrys, the react-
ances may be read without change. Second: If you read the kilocycle scale as cycles and the millihenry 
scale as henrys, the reactances again may be read without change. For instance, the reactance in ohms of 
100 henrys inductance at 50 cycles i the same as for 100 microhenrys at 50 megacycles. 

IN PHASE OPPOSITE PHASE 

Fig. 76-12. Effects on grid voltage of feedbacks that are in phase or of opposite phase. 
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To see how decoupling is affected by using a choke, assume that capacitor Cb at 1 of Fig. 76-10 is of 
0.001 mf capacitance, that choke Lb is of 1 millihenry inductance, and that the operating frequency is 5 
megacycles. By using Fig. 76-8 we learn that the capacitive reactance of Cb is about 32 ohms or maybe a 
little less. By using Fig. 76-11 we find that the inductive reactance is slightly more than 31,000 ohms in 
choke Lb. Here we have a decoupling ratio of approximately 1,000 to 1. From the inductance chart you 
can learn that a choke for a decoupling ratio of 10 to 1 ( about 320 ohms inductive reactance) would require 
only about 10 microhenrys inductance. 

GThe effectiveness of decoupling when using either a resistor or a choke usually is checked by using an 
a-c vacuum tube voltmeter. With the voltmeter connected across the decoupling capacitor, the strongest 
possible signal is applied to the grid of the tube. If the meter reading remains at zero on a low voltage 
scale there is good decoupling, because the capacitive reactance of the capacitor is too small to give a 
measureble voltage drop with the existing alternating current. The next step is to measure the a-c voltage 
across the decoupling choke or across a resistor used primarily for decoupling. here there should be little 
or no a-c voltage if the decoupling is good, because this path then should carry negligible alternating cur-
rent. 

FEEDBACK AND OSCILL 4T1ON. Decoupling is employed to prevent undesired alternating voltages of 
any kind from getting into an amplifier stage or any other stage where these voltages don't belong. Decoup-
ling helps prevent signal voltages from passing between stages other than through intentional couplings, 
and it may be used to prevent signal voltages passing from the plate to the grid of the same tube when this 
is not desired. 

If voltage coupled back or fed back from the plate circuit is in phase with voltage in the grid circuit, as 
at 1 in Fig. 76-12, the alternating voltage on the grid will be reinforced. The strengthened grid voltage is 
amplified in the tube, there is stronger alternating voltage in the plate circuit, and an increased feedback. 
This action is desirable in an oscillator, but not in an amplifier. Within the smallest fraction of a second 
the amplifier would become an oscillator, and any incoming signal would lose all control. Oscillation would 
continue at a frequency determined only by the values of inductance and capacitance in the tube circuits. 

Cj feedback. Regeneration is defined as the process in which part of the a-c power from the output circuit of 
an amplifier acts on the input circuit to increase the amplification. Regeneration easily changes to oscil-
lation. While you are aligning a television i-f amplifier the picture tube screen suddenly may become in-
tensely bright. That means you have tuned some circuit to a frequency where feedback causes oscillation. 
The only way to stop the oscillation, and save the picture tube, is to turn off the power in a hurry. 

(ib• 
\ny in-phase feedback that reinforces voltages normally on the grid of a tube is called a regenerative 

If feedback voltage from the output of an amplifier is in phase opposition to the grid voltage, as at 2 in 
Fig. 76-12, the alternating grid voltage is weakened. This is the process called degeneration. As we srall 
learn later, degeneration is useful in some kinds of amplifiers. 

When there is an in-phase or regenerative feedback too weak to cause oscillation it still may cause ex-
cessive amplification at one or more frequencies for which the tube circuits are resonant or only slightly 
off resonance. This action is called "peaking." Instead of the frequency response of an amplifier re-
maining fairly constant over a range of frequencies, as shown by the full line curve of diagram 3, there may 
be a sharp rise at a certain frequency, as shown by the broken line. One symptom of peaking is a tele-
vision picture or pattern covered with small black horizontal streaks or specks a fraction of an inch long. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 76 — Page 1 6 

Fig. 76-13. Multiple images due to short time oscillations. 

Oscillation may occur in circuits which do not contain a tube and which are not intentionally tuned to 
any frequency, but which have inductances that act with distributed and stray capacitances to make the 
circuit self-resonant at some frequency. When a fairly strong emf is induced in such a circuit there may be 
oscillation. The oscillation will decrease in strength and die out unless there is repeated induction of emf 
from some external source. The frequency of the inducing field need not be that for which the circuit is 
self-resonant, it may be of almost any frequency or there may be pulses at irregular intervals. This would 
be called shock excitation. 

tte Oscillation which quickly dies away, but then recurrs, may be called "ringing". It may exist in video 
amplifier couplings and in other video amplifier inductors. When such trouble occurs in a video amplifier, 
the effect as seen on a picture tube is a repetition of that portion of the picture or pattern normally repro-
duced by a video frequency equal to that of resonance. There may be several images at about equal spac-

ings and of decreasing intensity, somewhat as pictured by Fig. 76-13. 

A kind of self-resonance different from anything heretofore considered may cause what is called para-
sitic oscillation at frequencies in the television carrier range. At these very-high frequencies it is possible 
for the reactance of tuning inductors to become so great that they act like r-f chokes or almost as open 
circuits. The reactance of tuning capacitors becomes so small that the capacitors act as short circuits. 
Then resonance at the very-high frequency is due to the inductance of wires leading to tube elements and 
to stray capacitance in wiring and parts. 
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The part which supports the parasitic oscillation may be located with a heterodyne frequency meter and 
a grid dip meter. First, turn off the tube which follows the suspected stage by disconnecting its heater or 
filament, but leave the tube in its socket. Turn on the set and use the heterodyne frequency meter to de-
termine the frequency of oscillation. Then turn off the set and couple the grid dip meter successively to 
all tuning coils, peaking coils, small chokes, capacitors, resistors, and wiring connections while tuning 
the meter slowly back and forth across the frequency of oscillation. 

Parasitics usually may be stopped by connecting a fixed resistor of 50 to loo ohms in series with the 
tube grid, directly at the grid lug of the socket. An r-f choke of a few microhenrys inductance may be used 
instead of a resistor. 

DEGENERATION. In early radio receivers the tubes were so few, and their mutual conductances so 
low, that anything which would increase the amplification was hailed with delight. In nearly all detectors 
and even in some r-f amplifiers, regeneration was pushed up to a point just short of oscillation in an effort 
to reinforce the weak signals. Nowadays we seldom employ regeneration intentionally, but degeneration or 

negative feedback helps solve many problems. 

Degeneration is used in practically every audio amplifier of the high-fidelity class. It is used in video 
amplifiers, in r-f and i-f amplifiers where there is low-frequency modulation, in automatic frequency control 
systems, and in measuring instruments whose indications must remain nearly independent of changes in the 
characteristics of tubes and other circuit elements. 

Degeneration, correctly used, will greatly extend the range of frequencies in which an amplifier has 
satisfactorily uniform response or gain, or it will equalize the gain at low frequencies, or at high frequen-
cies, or at both ends of the range. Degeneration will reduce the strength of harmonic frequencies, help 
reduce phase shift between input and output of an amplifier, and it may be used to lesson the noise origin-
ating in tubes and resistors. Furthermore, degeneration lessens the effect of line voltage variation on 
amplification, and it may lessen the bad effect of changes in load impedance on fidelity of sound repro-
duction. 

The only objection to degeneration is the reduction of amplification below that which could be obtained 
without a negative feedback. Dut the loss of gain may be easily compensated for by tubes of high trans-
conductance or by an added stage of amplification, while the advantages are retained. The many applica-
tions of degeneration will be explained as the need arises. Just now we shall examine some of the ele-
mentary principles. 

One method of obtaining a • degenerative feedback utilizes the cathode biasing resistor Ilk as at 1 in 
Fig. 76-11. This resistor is part of the plate circuit impedance through which a-c signal currents must 
flow, and it is also part of the grid circuit. Total impedance of the plate circuit is made up of the plate re-
sistance in the tube, the load resistance at Ro, the capacitive reactance of the decoupling capacitor at Xc, 
and the resistance of cathode resistor Ilk. We are assuming that reactance at Xc is small compared to im-
pedance through the B power supply. plate voltage which appears across resistor Rk is applied to the 
grid of the tube, because Ilk is between the grid and the cathode. 

As we have learned before, a-c voltages in a plate circuit are in opposite phase to a-c voltages on the 
grid and cathode resistor of the same tube. The a-c voltage across resistor Rk is in phase with the grid 
voltage since a positive signal at the grid causes more electrons to flow through resistor Ilk and the tube, 
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Fig. 76-14. Degeneration may be secured from feedback voltages in a cathode resistor. 

resulting in a higher voltage drop across resistor Rk. With a higher or more positive voltage across re-
sistor Rk, the bias applied to the grid of the tube becomes more negative, therefore this voltage acts as a 
degenerative feedback voltage. Actually the effective signal voltage is the difference between the input 
signal at the grid and the voltage developed across resistor Rk by that signal. It is the reduced grid volt-
age that now is amplified by the tube. Consequently, the signal output from the plate circuit will be lower 
than without the negative feedback. To make the output equal to that without the feedback we may either 
apply more signal through coupling capacitor Cc, use a tube of higher transconductance, or operate the 
present tube in a way which increases its transconductance. 

The greater the resistance at Ilk of diagram 1 the stronger will be the feedback voltage and the greater 
the degeneration, while less resistance will reduce the degeneration. This is all very well, but we cannot 
change the cathode resistor and thereby change the grid bias in order to obtain a desiked amount of feed-
back. If, however, we place a capacitor across the bias resistor, as in diagram/ the feedback and the 
grid bias become quite independent of each other. Grid bias still is determined by the direct current flow-
ing in the resistor, and is unaffected by the capacitor because the capacitor carries only alternating signal 
current. The impedance to alternating signal current now is the impedance of the paralleled capacitance 
and resistance, and may be decreased as much as we like by using greater capacitance having less re-
actance. It is this impedance that derermines the amount of feedback. 
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With no capacitor across the cathode resistor there will be maximum feedback and degeneration. With 
capacitance so great as to have negligible reactance compared to the resistance of Rk there will be negli-
gible feedback, because the a-c voltage drop across such a small reactance will be very small. 

A capacitor connected as at p£ in diagram 3 of Fig. 76-14 has exactly the same effect as one at Ck of 
diagram / because either of these capacitors is connected from cathode to ground, and across resistor Rk. 
A capacitor connected as at .C.E of diagram 3 will keep most of the alternating plate current out of resistor 
Rk, if the capacitor is large enough, and will reduce the feedback while still decoupling the plate from the 
B supply circuits. 

An entirely different method of obtaining a degenerative feedback is illustrated by Fig. 76-15. Alter-
nating voltage from the plate is taken through the block ing capacitor Ch and the feedback resistor Rf di-
rectly to the grid of the same tube. Since alternating or signal voltage at a plate always is opposite in 
phase to alternating voltage at the grid the feedback here is negative or degenerative. If the reactance of 
capacitor Ch is small at all operating frequencies the amount of feedback is determined almost wholly by 
resistance at Rf, the less the resistance the stronger is the feedback. 

If capacitance at Ch is small enough to provide relatively great reactance at low frequencies this in-
crease of reactance lessens the degeneration at low frequencies, allowing the low-frequency response of 
the amplifier to be stronger than the response at the high-frequency end of the range. 

Fig. 76-1.6 shows methods of obtaining the same type of feedback with somewhat différent circuit ar-
rangements. Referring to diagram 11 alternating feedback voltage from the plate of amplifier B goes to the 
grid of this same amplifier through feedback resistor Rf and interstage coupling capacitor Cc. Capacitor 
Cc acts as a blocking capacitor for d-c plate voltage, and takes the place of blocking capacitor Cb of Fig. 

76-15. 

 )1' 
RF 

CC 

RC 

11101, 

Fig. 76-15. A degenerative feedback connection from plate to grid. 
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R f 

1 76-16. Degenerative feedbacks from one plate circuit to a preceding plate connection. 

There is no conflict of phase relations for the following reasons. Feedback voltage is in phase opposi-
tion to grid voltage on amplifier 11 as it sheould be. Alternating plate voltage from amplifier A is practi-
cally in phase with grid voltage on I; so must be in phase opposition to plate voltage of B. Thus the feed-
back voltage here introduced ahead of capacitor Cc has the same degenerative phase relation to grid volt-
age on amplifier B as though the feedback went directly to the grid of B. If there is a difference between 
the plate voltages at the two tubes, this potential difference is across resistor Rf and this resistor carries 
direct current proportional to its resistance and the potential difference. 

In diagram 2 of Fig. 76-16 feedback voltage again is applied ahead of coupling and blocking capacitor 
Cc but here is taken from a resistance voltage divider connected across the primary of an output trans-
former in the plate circuit of amplifier B. Relative resistances in the two parts of the voltage divider de-
termine what fraction of the alternating plate voltage from amplifier 13 is used for feedback. Instead of the 
fixed resistance voltage divider it is possible to use a potentiometer with the feedback line connected to 
the slider. This provides an adjustable feedback for allowing any desired amount of degeneration. 

Fig. 76-17 illustrates some methods of taking degenerative feedback voltage from the plate circuit of 
one amplifier and applying- it to the cathode of the preceding amplifier. Alternating voltage or signal volt-
age at the cathode of an amplifier is in phase opposition with voltage at the plate of the same amplifier. 
Voltage at the plate of amplifier A is practically in phase with voltage at the grid of amplifier B. There-
fore, if a feedback voltage applied to the cathode of amplifier A is in phase to alternating voltage on the 
grid of amplifier B this feedback applied to the cathode still will be out of phase or degenerative as it 
reaches the grid of amplifier B. 
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Fig. 76-17. Degenerative feedbacks to the cathodes of amplifier tubes. 

In diagram 1 the feedback voltage is obtained from a voltage divider across the voice coil windingof the 
output transformer connected to the plate of amplifier B. If a connection of the voltage divider to the trans-
former turned out to be regenerative it would be necessary only to reverse the divider connections to make 
it degenerative. 

In diagram 2 the feedback voltage is taken directly from the plate of amplifier 13 and is applied through 
blocking capacii.or Cb and resistor Rf to the cathode of amplifier A. So far as phase relations are con-
cerned this is equivalent to applying a feedback from the plate of 1E1 to the grid of the same tube, which 
makes the feedback degenerative. If capacitance at Cb is small enough to have considerable reactance at 
low frequencies it will cause an increase of gain at these frequencies, just as explained in connection 
with Fig. 76-15. 

The high-frequency response or gain may be increased by suitable choice of capacitance for cathode 
bypass capacitdr Ck. If capacitance at this point is such as to have fairly low reactance at the high-
frequency end of the range it will bypass some of the feedback voltage at high frequencies. Reducing the 

A 
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degenerative feedback in this manner allows the gain to rise at the high frequencies. This method of 
raising the high-frequency gain is equally effective with any of the circuits shown by Fig. 76-17, for all of 
them have cathode bias and a cathode bypass capacitor on the tube to which the degenerative feedback is 
applied. 

Diagram 3 of Fig. 76-17 shows a third winding or "tertiary" winding on the speaker output transformer. 
From this winding is obtained a degenerative feedback voltage applied to the cathode of amplifier A. Some 
speaker coupling transformers of this type provide a feedback voltage equal to 10 per cent of the plate sig-
nal voltage of the output amplifier. Others provide a 15 per cent feedback voltage. Capacitance at Cb may 
be made of such value as to lessen degeneration and raise the gain at low frequencies. 

In our discussion of degeneration it has been assumed that feedback voltage is 180° out of phase or is 
in phase opposition to grid signal voltage, as shown by diagram 2 of Fig. 76-12. This will be true at the 
middle frequencies of a range but, as we learned when studying broad band amplifiers, there will be,phase 
shifts which bring the grid voltage more nearly into phase with the feedback at both the lowest and highest 
fre quencies. 

With feedback directly from plate to grid of the same tube, as in Fig. 76-15, the phase angle between 
feedback and grid voltages will become less than 180°, but it never will be less than 90° whereat there 
would be zero degeneration. With other methods which take the feedback from one stage to a preceding 
stage the phase angle may become even less than 90°. Then the feedback changes from negative to posi-
tive and there will be regeneration and probable oscillation unless the feedback voltage is held to a low 
value. 

Phase shift, and loss of the degenerative effect at lowest and highest frequencies, is lessened by all 
the practices that extend the frequency range of broad band amplifiers. Chief among these practices are 
the use of fairly small load resistances in amplifier plate circuits, large capacitances for interstage coup-
ling, and highly effective decoupling of the plate and screen circuits. 
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The decoupling methods which we have examined are effective in reducing or eliminating feedback 

couplings which would be due to resistances or impedances otherwise included in two or more circuits. 
They do not prevent couplings which are due to magnetic or electric fields which arise in one circuit 
and pass through other circuits. To prevent this latter kind of couplings we must place the parts or cir-
cuits in such relative positions that the field from one does not affect the other, or else we must shield 
either the parts producing the fields or the parts which may be affected by the fields. Shielding is most 
effective when placed around the parts which produce the fields, but when this cannot be done the shield-

ing must go around the part to be protected. 

Shielding for magnetic fields at power line frequencies and the lower audio frequencies must provide 
a path through which may flow the magnetic lines of force, as at 1 in Fig. 77-1. The magnetic lines 
concentrate in the shield metal and are diverted from the part to be protected. The shield metal for such 

applications should be made from high permeability iron or steel, which means the ability to carry mag-

netic lines very easily. 

At radio frequencies the action is quite different, as illustrated at 2. 'I'he magnetic lines induce eddy 
currents in the shielding metal. These are small currents that whirl around the lines of force. 'I'he eddy 

currents produce magnetic fields of their own. The polarity of the eddy-current fields is opposite to that 
of the inducing magnetic field. The greater the conductivity of the shield metal the stronger are the eddy 
currents and their fields, and the more effective is the shielding. Any kind of metal may be used. Copper 
or aluminum are best, because of their high conductivity, but steel usually is employed because it costs 
less and does a good job. The higher the frequency of the magnetic fields the more effective is the shield-

ing action. 

Shielding for electric or electrostatic fields depends on still another action or principle, as illustrated 
at 3 in Fig. 77-1. If the polarity of the electric field is positive, the free negative electrons in the shield 
metal are pulled to the surface on which the field acts. The negative charge thus formed on the surface 

of the shield counteracts the positive charge that is causing the field. If the electric field is of negative 
polarity it drives free electrons away from the surface of the shield, and the surface remains with a posi-
tive charge. This positive charge on the shield counteracts the external negative field. The electric 

field lines of either polarity, end on the surface charges and cannot penetrate through the shield. 

An electrostatic shield may be any kind of metal, of any thickness. The shield must be grounded to 
prevent the building up of a strong electric charge which, if retained, would radiate its own electric field 
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Fig. 77-1. I'he principles of magnetic and electrostatic shielding. 
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lines. Any grounded metallic shield is effective for electric fields and also for magnetic fields which 
alternate at radio frequencies. 

SHIELDING PRACTICE. Shielding is used for tubes, all kinds of inductors, capacitors, individual 
wires and cables, complete amplifying stages, and power transformers. Fig. 77-2 is a picture of some 
typical shields. The two on the right are for glass- envelope tubes. Many glass tubes have an internal 
shield which is connected to one of the base pins. This pin, or rather the socket lug for it, is connected 
to ground in order to ground the internal shield. Such tubes may be used without additional shielding, 
but when employed in high- frequency high-gain circuits it is common practice to fit them with an external 
shield as well. 

Some GT and GT/G glass-envelope tubes have a metal shell base which is connected to an internal 
shield and to one of the base pins. %hen an external shield is placed over the tube to make good contact 
with the base, this added shield is grounded through the connection to the socket lug for the grounding 
base pin. An external shield used with tubes having a base of insulating material must be well grounded. 

Tubes having metal envelopes are shielded by the envelope. The envelope connects to one of the base 
pins, which must be grounded through the corresponding socket lug. 
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Fig. 77-2. Shields used for tubes and other parts of receivers. 

Tuned transformers, single winding couplers, and other inductors in resonant circuits operating at radio 
frequencies or intermediate frequencies may require shielding. This is especially true where the windings 
are of large size and consequently have widely distributed fields of their own or have sufficient area to 
readily intercept other fields. The i-f transformers mounted on top of the broadcast receiver chassis of 
Fig. 77-3 are enclosed within metal shielding cans for this reason. The shields are grounded by the 
screws that hold them on the chassis. 

Tuning inductors of small physical size often are used without shields. If a shield is used with any 
high-frequency inductor, large or small, there should be ample space between the inside of the shield and 
the winding if the Q-factor of the tuned circuit is not to be reduced by an excessive amount. Suitable 
clearance between inductors and a shield can is illustrated by Fig. 77-4, where the width of the shield is 
about three times the diameter of the windings and the height of the shield is more than double the dis-
tance from top to bottom of the windings. For television intermediate-frequency operation the shield 
diameter never should be less than twice the coil diameter, and the top and bottom of the shield should 
be above and below the coils by no less than one and one-half times the coil diameter. 

When r-f chokes are used for decoupling, and there is shielding of the amplifier stage guarded by the 
chokes, the chokes always should be mounted inside of the stage shielding. 

There is effective shielding between coils, other parts, or complete circuits, when one of them is 
mounted above the chassis deck and the other one below. R-f oscillator coils for standard broadcast and 
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Fig., 77-3. The i-f transformers are enclosed within shielding cans which ground to the chassis. 

short-wave receivers often are placed under the chassis when r-f amplifier and i-f amplifier coils are 
mounted on top. The same principle is utilized in the mounting of many television i-f couplers. 

The sections of ganged variable tuning capacitors usually have metal baffles between them,with the 
baffles attached to the grounded frame and rotor structure. The tuning capacitor in Fig. 77-3 is made this 
way. The grounded baffles act as shields to prevent coupling between r-f amplifiers and r-f oscillators 
which are tuned by the several sections of the capacitor. 

In paper capacitors of inductive construction one of the terminals or pigtails is connected to the inside 
of the foil and the other one to the end of the last outer turn. Ihen such a capacitor is used in a circuit 
where one of its terminals is connected to ground, this grounded terminal always should be the one on the 
outer foil, for then the foil acts as a fairly effective grounded shield for the remainder. In any other circuit 
the outer foil terminal should connect to the point of lowest a-c or r-f voltage, to the point which is toward 
the B power supply instead of toward a resonant circuit. The outer foil terminal usually is identified by a 
dark colored band, by an arrow, or by the words "outer foil". 

V‘hen r-f oscillator coils, mixer coils, and r-f amplifier couplers are shielded or isolated from one 
another, and when there is effective decoupling, it is rarely necessary to shield complete amplifying 
stages from one another. If stage shielding is employed it may be carried out as shown by Fig. 77-5, 
where the shielding enclosures are indicated by the broken lines. 

Mthin the shield containing one tube will be any kind uf tuned grid circuit for that tube. A grid capa-
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Fig. 77-4. A shield should be wider or of greater diameter, and also of greater height, than the coil wind-

ings which are protected. 

citor and grid resistor or leak should be enclosed with the tube that they bias. As mentioned before, a 
decoupling choke should be enclosed with the tube whose plate and screen circuits are thus decoupled. 
This rule applies also to decoupling resistors. Cathode bias resistors and their bypass capacitors are 

with the tube that is biased. 

High-frequency voltages from a-c power lines in a building may be coupled into amplifiers and other 
receiver circuits through the power transformer. The primary and secondary windings of the transformer 
consist of bodies of metal separated by insulation, which act as plates and dielectric for a capacitance 
which usually is several hundreds mmf. 

This coupling is reduced or prevented by placing between the primary and other windings an electro-
static shield such as pictured by Fig. 77-6. Power transformers which are built with such a shield usually 
have it grounded to the core, on the assumption that the core will be grounded to the receiver chassis. 
Some transformers have a separate external lead from the shield, this lead being used for grounding. Un-
less the shield is grounded in one way or the other it is ineffective. 
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Fig. 77-5. 77-5. All the parts of each amplifying stage may be enclosed within a single shielding cover. 

Power transformers with electrostatic shields are used in receivers for protection against power-line 
interference of all kinds, including the voltage pulses resulting from opening any electric switches in the 

building wiring and from faulty operation of electrical appliances. These transformers are used in r-f 
signal generators to keep the generated high frequencies out of the power line, from where they would be 
radiated to any nearby radio or television apparatus. 

Fig. 77-6. An electrostatic shield around the outside of the primary winding in a power transformer. 
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When aligning or otherwise adjusting resonant circuits during service operations it is necessary to 
consider the effects of shields which are applied to tuning coils or tubes, or to parts of the receiver 

containing these parts. 

When a shield is applied over a coil it always changes the inductance of the coil. Therefore, a resonant 
circuit which includes the coil will tune to a different frequency with the shield than without it. The 
greater the clearance between the shield and the coil winding the less is the effect on inductance and 
resonant frequency. The shield of Fig. 77-4 would change the coil inductance by about four per cent. A 
shield half as wide probably would make a change of 25 per cent. 

' A tube shield alters the resonant frequency of any tuned circuit connected to the tube. If a television 
r-f oscillator is aligned with the oscillator tube shield removed, and then the shield is replaced, the os-
cillation frequency usually will have been changed so much that a fine tuning control cannot correct it. 

Shielding of any kind adds to the stray capacitance in the circuit for which the shielding is used. This 
is an important consideration in the design of high-frequency resonant circuits, such as those of television 
r-f and i-f amplifiers. It is a general rule that television and f-m receivers should be aligned with all 
shielding in place, if this is at all possible. Otherwise there is likely to be a considerable change in 

performance when shields are replaced. 

GROUNDING. Men who have worked exclusively with broadcast radio receivers and with ordinary audio 
amplifier systems have learned that a ground connection anywhere on a chassis is equivalent to one any-
where else on the same chassis. At carrier and intermediate frequencies used for television and f-m 
broadcast, and even in high-fidelity audio amplifiers, this is no longer true. There is enough resistance 

in chassis metal to cause coupling at high frequencies. 

a 

Fig. 77-7. Ground returns from all the elements of one tube should go to the same point on the chassis 
metal, and the ungrounded heater lead should be near tube pins for elements of least sensitivity. 
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What probably is the most important single rule to be observed in the grounding of high-frequency cir-
cuits is illustrated by diagram 1 of Fig. 77-7. The rule is this: Connect the ground returns for all ele-
ments of any one tube to the same point. To begin with, the tube cathode or a cathode resistor is con-
nected to some point on the chassis that is close to the tube. This same point is to be used for grounding 
all the other element returns to the cathode. In our illustration the grid return is through the tuning coil, 
or coil and tuning capacitor, whose low side is connected to our common ground. The suppressor is 
connected to the same ground point. So is the cathode bypass capacitor, and the screen decoupling 
capacitor. 

If the bypass and decoupling capacitors have sufficiently small reactance, the paths for alternating 
signal currents of this one tube all come to the same (ground) point. None of these paths, except those 
for the incoming signal at a and the outgoing signal at b, extend beyond the parts shown by the diagrams. 

Now look at diagram 2 of Fig. 77-7. It applies to a tube whose heater is in parallel with all other 
heaters. In any parallel heater system it is customary to carry one side of the heater supply circuit 
through chassis ground, and to run the other side through an insulated wire. The question is, which of 
the two heater terminals should be grounded? 

With a tube whose base pins are arranged as in the diagram we should ground the pin that is next to 
the pin for the plate. Then the plat", which is one of the signal-sensitive elements of the tube, is un-
likely to pick up a power line frequency from the heater pin and heater connection since the heater con-
nection near the plate goes directly to ground. The other heater connection, which is on the hot or un-
grounded side of the heater circuit, now is next to the suppressor terminal, and the suppressor is grounded. 
Which heater terminal connects to ground depends on the arrangement of base pins on the particular tube 
considered, but in any case it is merely a matter of using common sense. Get the grounded side of the 
heater toward a more sensitive element terminal, and the ungrounded side toward a less sensitive element. 

Sockets for miniature tabes have a small metal ferrule at their center, in between the lugs for base pins. 
This center ferrule usually is connected to ground in order to lessen the capacitance and capacitive 
coupling between socket lugs and base pins of the tube. If the ferrule originally is grounded, keep it so 
when replacing the socket or making any wiring changes. 

Ground connections are best when soldered directly to chassis metal. On many chassis there are nu-
merous small projecting lugs put there for the express purpose of grounding. As mentioned before, always 
make the common ground connection for any one tube as close to that tube as possible. In high-frequency 
work never run a grounding wire or "ground bus" and connect the various grounded conductors to it. 

Finally, when making any replacements or any wiring changes, always make all the ground connections 
exactly as originally placed. Any changes of grounding may upset the alignment, and are quite likely to 
allow harmful couplings. 

POSITIONS OF CIRCUIT ELEMENTS. Careful consideration has been given by the manufacturer to 
the layout of all parts in high quality r-f amplifiers, i-f amplifiers, video amplifiers, and wide band audio 
amplifiers. Performance is likely to suffer if you make careless changes, especially in the arrangement 
of capacitors, inductors, and most resistors. 
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Tuned transformers or other tuned couplers should be as close as possible to the tubes of whose grid 
circuits they are a part, this is for the purpose of shortening the grid leads. Tuned oscillator circuits 
should be isolated as well as possible from all other circuits until they come together in converters or 
mixers. Peaking coils in video detector and video amplifier circuits should have short leads and should 
be kept as far from chassis metal as is consistent with lead length. R-f chokes should be mounted close 
to chassis metal unless the chokes are shielded, in which case they may go anywhere so long as their 

shields are grounded. 

High-gain audio amplifier tubes must be kept out of low-frequency magnetic fields, or the fields kept 
away from such tubes. Low-frequency magnetic fields are found around power transformers, filter chokes 
in power supplies, and loud speaker field windings which are employed as filter chokes. The amplifiers 
will pick up power frequency hum or hum at twice the power frequency (with full-wave rectifiers) from 
fields of this kind. Care should be used also to keep high-gain audio amplifiers away from permanent 
magnet loud speakers, whose steady fields may divert the electron streams inside the tubes. 

Interstage coupling capacitors should be kept well away from chassis nietal to avoid having so much 
"capacitance to ground" as would bypass high-frequency signals. This applies to all high-frequency 
coupling capacitors, including those from the last video amplifier to the grid or cathode of the picture 
tube. A coupling capacitor should be placed close to the socket terminal for the grid of the following 
tube, with any extra length of pigtail or lead toward the preceding plate. Do not change the positions of 
coupling capacitors which are between tuned circuits unless you are ready to re-align the affected stages. 

Audio-frequency coupling capacitors should be placed close to the chassis if they are fairly close to 

Fig. 77-8. The many resistors, capacitors, and inductors associated with an amplifying stage require 
careful layout. Here there is too much separation, and many parts which should be dressed 
close to chassis metal are far from the metal. 
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heater wiring or other leads carrying power-line frequency or power rectifier output frequency. This 
advice applies also to a capacitor which is between the slider of a volume control and following circuits. 
All audio-frequency capacitors are likely to pick up hum and put it into the amplifier circuits. 

Bypass or decoupling capacitors for plates, screens, grids, and cathodes should be placed as close as 
possible to the socket lugs for these elements, with any extra length of lead or pigtail on the ground side 
of the capacitor or on the cathode side when bypassing is to the cathode of the tube. Even on the ground 
or cathode ends of these bypasses the leads should be short and direct. As an example, were a bypass 
to go between a plate or screen and the tube cathode, the capacitor should be mounted right on the socket 
lugs for these elements. 

Coupling capacitors and also bypass or decoupling capacitors which become defective should be re-
placed with exact duplicates in order to preserve the original capacitances to ground and to other parts 
and the original inductances which exist to some extent in the capacitors. The replacement should at 
least match the original as to dimensions and construction, and, of course, as to capacitance value. 

Grid resistors or grid leaks should go close to the tube sockets, with any extra length of lead in the 
ground or B-minus connection. Plate load resistors are treated similarly, placed close to the tube socket, 
with extra lead length on the B plus side. 

If you make any alterations which require adding new parts such as switches or jacks, try to mount the 
added parts well away from all circuits carrying radio-frequency or intermediate-frequency currents. 

When you remove tubes of the same type number from two or more sockets, mark each tube so that it 
may be replaced in the socket from which it came. The characteristics of two tubes of the same type 
number are not necessarily the same. Neither are their internal capacitances. Interchanging of tubes in 
r-f amplifier, r-f oscillator, i-f amplifier, or sync circuits will require realignment or readjustment. This 
does not mean that tubes never should be switched around. As an example, you might find that a weak 
video amplifier would work all right as an i-f amplifier, while the original i-f amplifier makes a better 
video amplifier. If you make the exchange it will be necessary to re-align the i-f amplifier. 

DRESSING OF LEADS. The position of wiring connections between various circuit parts is called 
the "lead dress". We speak of dressing a lead close to or away from something else, or along some 
certain path. Correct dressing of leads has four principal purposes. 

1. Reduction of stray capacitances. This may be accomplished by keeping certain leads clear of one 
another or clear of the chassis metal and of insulation having low dielectric constant. 

2. Reduction of stray inductance. A lead less than an inch long, and of straight wire, has enough 
inductance to be resonant at television carrier frequencies when associated with stray capacitances or 
other capacitances. Inductance is reduced by using the shortest possible leads. Don't, however, change 
the lengths of leads in very-high or ultra- high frequency circuits, for the lengths may have been chosen 
to provide desired tuning inductances. 

3. Reduction of couplings which are not wanted. Couplings are reduced or prevented by reduction of 
stray capacitance and of stray inductance, by following the practices mentioned in items 1 and 2. 
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4. Prevention of frequency mixups. That is, frequencies which should exist in only certain sections 
of the receiver should be kept out of other sections. Extra care is needed with circuits of high impedance. 
A circuit in which there is high impedance or high resistance ordinarily operates with high signal volt-
ages. Such a circuit is more susceptible to pickup of unwanted frequencies than is a low impedance 

circuit. 

Some of the practical applications of the principles will be explained, but in other cases you will have 

to guide yourself in accordance with the general rules. 

Grid leads and plate leads should be kept well separated from each other, at least from the socket 
terminals as far as the decoupling capacitors, in order to prevent feedback couplings. Grid leads should 
be dressed away from the chassis metal, to avoid loss of signal strength through capacitance to the 
chassis. If the plate leads are long they may be dressed down fairly close to the chassis, since there 
are relatively strong signals in plate circuits. Both grid leads and plate leads should be short, but when 
a choice must be made on a line between stages it is best to keep the grid lead short and lengthen the 

plate lead. 

Leads from any kind of antenna to any antenna coupler or to a tuner should be treated like grid leads. 
Don't forget that the lead to the signal grid of a converter is a grid lead. 

Leads for r-f oscillators should be kept away from all other wiring, and from each other. Connections 
for amplifier and mixer circuits in a tuner should be as far as possible from r-f oscillator circuits in the 
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Fig. 77-9. There may be unwanted couplings and voltage transfer between any two circuits whose normal 
operating frequencies are in the same range. 
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tuner. Should it be necessary to replace any tuner wires that carry r-f or oscillator currents, always use 
the same length and same gage size as originally employed. 

Screen leads should be dressed close to chassis metal. This is true also of leads which are the buses 
for automatic volume control or automatic gain control. 

R-f and i-f circuits are not particularly susceptible to pickup of the much lower frequencies which exist 

in circuits carrying power line frequencies, audio frequencies, or vertical or horizontal sweep frequencies. 
The parts and wiring of these low-frequency circuits often are quite close to r-f and i-f circuits without 
causing trouble. 

All the parts and wiring of audio amplifier circuits and of video amplifier circuits are capable of picking 
up voltages from other sections in which the frequencies extend through similar ranges. This means that 
there will be pickup from circuits operating at power line frequencies, at vertical sweep frequencies, and 
at horizontal sweep frequencies. Power line frequency will cause hum from the loud speaker or wide 
horizontal blackout bands across the picture tube. Vertical sweep frequency sill cause a buzz from the 
speaker and black bars on the picture tube. Horizontal sweep frequency will cause a hissing sound from 
the speaker and black lines on the picture tube. Fig. 77-9 shows which frequencies may overlap or 
conflict. 

The video amplifier circuits will pick up audio frequtncies or audio modulation to cause "sound bars" 
across the face of the picture tube. Sensitive audio circuits can pick up the lower video frequencies. 

We must not forget that the audio system of a receiver begins in the transformer or coupler that feeds 
the detector or demodulator, including both secondary and primary leads for a transformer, and continues 
all the way to the loud speaker. The video amplifier system must be considered as starting in the trans-
former or coupler that feeds the video detector, and it continues all the way to the grid or cathode of the 
picture tube. 

There are many wires carrying power-line frequency. They include the wires from the power supply cord 
connection to the power transformer and to the on-off switch. They include also all the heater wires, and 
wires to a pilot lamp. Power-line frequency or twice this frequency is present in connections from the 
power transformer to the power rectifier, and from rectifier to filter. All these wires should be dressed 
close to the chassis metal, or run several inches from circuits sensitive to the low frequencies, or else 
be shielded wire. 

Shielded wire often is used for leads between the volume control and other audio-frequency parts 
farther back in the chassis. It is used also between separate sections of large receivers. Shielded wire 
usually is kept in contact with chassis metal as much as possible. The shield covering should be solder-
grounded to chassis metal at both ends, and at one or more intermediate points if the lead is long. 

Excess length of any lead should be cut off before making connections, not coiled or pushed into 
corners. If the lead is not to be cut, the excess length should be dressed back close to the part at 
lower a-c or signal voltage, toward whichever end of the connection comes closer to ground, to a B plus 
line, or to a decoupling capacitor. 
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Fig. 77-10. how the pattern or picture is affected by a strong 120-cycle hum voltage. 

HUM. The word "hum" originally referred only to the low pitched sound from a loud speaker caused 
by introduction into audio amplifier circuits of the power line frequency, or, with a full-wave power 
rectifier, of twice this frequency. Now we speak also of hum as affecting a television picture. The 
picture tube does not emit an audible hum, but patterns or pictures are affected by power line frequencies 
or double frequencies as shown by Fig. 77-10. Two black bands indicate a 120-cycle hum voltage, 
while one band would indicate 60 cycles. 

A 60-cycle audible hum is disagreeable, but usually does not sound very loud. This is partly because 
ordinary audio amplifier systems have relatively low gain at 60 cycles, and partly because our ears are 
not too sensitive to a 60-cycle sound. A 120-cycle hum from an equal a-c voltage sounds louder and 
interferes to a greater extent with enjoyment of music and speech. 

Fhen a low-frequency hum voltage gets into a circuit that is carrying a higher frequency signal voltage, 

the signal rides the hum as shown by Fig. 77-11. Each voltage retains its own amplitude. Zero for hum 
alternations is on line a of the graph, while zero for the signal rises and falls with alternations of hum 
voltage. Were both these alternating voltages to be components of a direct voltage, zero for the direct 
voltage might be on line b. 

) Ilum often originates in the low-voltage B power supply. The most common cause is insufficient filter-
ing, which leaves too much ripple voltage. Doubtless you will recall that we examined a two-section 
power filter with the output of the first section furnishing B voltage for the output amplifier and output 
of the second section furnishing B voltage for a preceding amplifier. Any hum voltage fed to the preced-
ing anplifier receives more amplification than hum voltage fed to the output amplifier, but since the 
11 voltage to the first amplifier is better filtered there is an overall reduction of hum in the output. 
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Fig. 77-11. A high-frequency signal voltage rides a low-frequency hum voltage. 

It is easy to determine the amplifier stage most affected by hum voltage, or in which stage a hum 
originates. Commencing with the output stage and working back, short circuit each grid or each input 
to ground or to ii-minus through a capacitor of one mf or more, or directly. If this shorting reduces the 

hum materially, the trouble originates in some earlier stage. 

Hum will result from an open or disconnected power filter capacitor, or from high resistance in an old 
electrolytic capacitor which should be replaced. Long leads between the power transformer secondary 

and the rectifier plates may cause hum. 

Hum may be due to the magnetic field from a power transformer or a power filter choke which gets into 
an iron-core audio output or speaker coupling transformer, or even into some air-core inductor. Turning 
the power transformer or choke into some different position may get rid of such hum by changing the 

direction of field lines. 

A power transformer with core laminations loose enough to vibrate may cause hum by vibrating the r-f 
oscillator tube or any parts of the oscillator circuit, even the wiring connections. A really defective 
power transformer is almost certain to cause hum. The fault may be a few short circuited turns in a 
winding. Some cheap power transformers have such deficient coupling between primary and secondary 

as to allow spread of their magnetic fields over large areas. 

hum may result from amplifier tube shields that are not well grounded. Socket lugs for the pins con-
nected to internal shields or to metal envelopes may have been left ungrounded. A high-gain amplifier 

tube may be exposed to an alternating magnetic field from the power system. 

Ineffective decoupling is very likely to allow hum voltages to get into amplifier stages. Decoupling 
and bypass capacitor connections should be examined, and the capacitors themselves should be tested for 
capacitance, opens, shorts, and leakage if there is any reason to suspect the stage in which they are used. 

Incorrect dressing of wiring connections is a common cause for hum pickup. As you will note from 
Fig. 77-9, low-frequency hum voltages are easily picked up by video and audio amplifiers. nen examin-

ing the dress of wiring look for loose or defective soldered joints. They too can be the cause for hum. 
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Fig. 77-12. Electron flows which may cause cathode-heater hum. 

Degeneration applied to audio amplifiers will reduce the effect of hum voltages, but it will not eliminate 
hum which is due to poor filtering. Degeneration applied to the stage in which the hum appears to originate 
may be very effective. The hum voltage from the plate circuit is fed back in negative phase to the grid, 
and is reduced. Signal voltage coming to the grid from preceding stages is not directly affected by this 
hum feedback, and there is a net improvement. 

\ It is possible for hum voltage to result from cathode-heater electron leakage within a tube, as shown 

at 1 in Fig. 77-12. Anything which makes a heater sufficiently positive with reference to the cathode 
will cause some of the emitted electrons to pass to and into the heater, just as they would pass into a 
positive element. The heater may become positive during positive alternations of a-c heater voltage. 
This can happen when peak values of the heater voltage exceed the cathode bias voltage. Then, during 
each positive alternation of heater voltage, there will be a pulse of current or electron flow from the 
heater through the bias resistor and back to the cathode. The accompanying pulses of voltage in the bias 
resistor are applied to the grid, and amplified by the tube affected and by following stages. The resulting 
hum voltage always will be at power-line frequency, since this is the frequency of heater voltage. 

Cathode-heater hum produced as described may be reduced or eliminated by a large decoupling or by-
pass capacitor across the bias resistor. The decoupling capacitance has to be very large, because the 
frequency of the hum voltage is only 60 cycles. Capacitors of 25 mf or more may be needed in high-gain 
audio amplifiers. In r-f and i-f stages the regular cathode decoupling capacitors usually are of small 
values, since only a little capacitance is needed at the high frequencies. These small paper, mica, or 
ceramic bypass capacitors for high-frequency decoupling may be supplemented by a large electrolytic 
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Fig. 77-13. Power line filters. 

capacitor for prevention of cathode-heater hum which otherwise could originate in these stages. If a 
cathAc connects directly to ground or to B-minus, with no biasing resistor, this kind of hum voltage 
will not develop. 

There are other cases, as illustrated at 2 in Fig. 77-12, where there may be a large resistance or a 
large difference of potential between the heater and ground, and consequently between the heater and 

cathode. This condition may exist in transformerless receivers having series heaters. Cathode-heater 

leakage currents in this resistance would not ordinarily reach the grid of the tube in which is the leakage, 
but may be carried to other stages through the heater connections. The remedy is adequate bypassing or 
decoupling around the heater line resistance, or from the heaters to ground or to B-minus. 

Cathode-heater hum is increased by operating tubes with excessively high heater voltages. Usually it is 
found that detectors and demodulators of all kinds are most likely to suffer from this kind of hum. 

A kind of trouble called modulation hum appears only while a receiver is tuned to receive some carrier, 

and disappears between stations. The carrier is being modulated by a hum voltage. This hum may result 
from poor filtering of the power supply, or there may be coupling to the power line through the transformer. 
Such coupling is reduced by an electrostatic shield built into the transformer, and well grounded, also by 
using a line filter. 

Line filter circuits are shown by Fig. 77-13. As at 1 the filter may be nothing more than a paper 
capacitor from either side of the power line to ground. There is better filtering with grounding capacitors 
on both sides of the line, as at 2 still better with both capacitors and r-f chokes as at 3 or with regular 

low-pass filters in both sides of the line, as at 4. The capacitors usually are of 0.01 mf value, and 
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never of working voltage rating less than 300 for use on HO-120 volt power lines. The r-f chokes must be 
made of wire large enough to carry the a-c power current, and suitable insulated for connection to building 
power lines. It is always best to purchase line filters manufactured for this class of work. 

hum which appears only while tuned to a station may result from pickup in r-f oscillator circuits of any 
low-frequency voltages from B-power lines that extend into other sections of the receiver. This trouble 
is caused by ineffective decoupling. 

CATHODE FOLLOWER. Earlier we spoke of the danger of coupling and signal pickup, and of possible 

regenerative feedback, into the conductors of a high-impedance circuit. In many cases it is worth while 
to reduce the impedance by using the arrangement of Fig. 77-14, which may be called a cathode follower, 
a cathode coupling, or an inverted amplifier. The signal input is to the grid, as usual. Here we may have 
an impedance as great as five megohms or more, by using a suitable grid resistor  Rg  and by biasing the 

tube sufficiently negative to prevent grid current. The output is taken from across cathode resistor jJRk. 

(tif 
elThe output impedance is the parallel impedance of the cathode resistor and of the effective plate 
• pedance of the tube. Since any parallel impedance or resistance always is less than either of its 

parts, the output impedance of the cathode follower always is less than the resistance of the cathode 
resistor, usually it is much less than half this resistance and quite often is as low as 50 ohms. Output 
impedance is decreased in three ways. First, by using a smaller cathode resistance at Rk. There is a 
limit to the reduction of this resistance, because oftentimes its primary purpose is for biasing the tube. 
Second, by using a tube with less plate resistance. Third, by using a tube with greater transconductance 
or mutual conductance, or one with a greater amplification factor. 

Ca 

HIGH-
IMPEDANCE 
INPUT 

Fig. 77-14. Circuit connections for a cathode follower stage. 
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Note that the plate of the tube is connected in the usual way to the B plus supply, but, so far as 
signal currents and voltages are concerned, the plate is grounded through a large capacitance and low 
reactance at Cp. 

Invariably there is a loss of signal voltage or a loss of gain between input and output of a cathode. 
follower. Rarely is the output signal greater than 0.90 of the input signal, and often it may be down 
around 0.60 to 0.70 of the input. This loss must be made up in other parts of the amplifying system. 
There is no inversion of signal voltage or polarity between input and output of the cathode follower. 

In a connection made through a cathode follower it is possible to preserve uniformity of frequency 
response at very low and very high frequencies, since there is very little phase shift and the shunting 
capacitance is small. By omitting the output coupling capacitor, Cc of Fig. 77-14, and making a direct 
connection, it is possible to transmit the d-c component of a signal to a following stage. 

Cathode coupling often is used to match the output of a video amplifier to a coaxial cable which runs 
to a remote picture tube unit, or to match the output of a high-fidelity high-gain audio amplifier to a 
remote loud speaker, or for matching to a cable which runs to any-remote control unit. Wherever there is 
any tube with high-impedance input and a following volume or contrast control element of low resistance 
a cathode coupling may be used. Such couplings are common also in vacuum tube voltmeters, oscillo-
scopes, and other measuring and testing instruments whose input impedance should be maintained at a 
high level. Even in television sweep amplifiers we find cathode followers used to prevent feedback of 
pulse voltages to preceding circuits. 
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NOISE AND INTERFERENCE 

The only variations of voltage that should affect the grid-cathode circuit of the television picture tube 
are th-ose of the video signal carrying the picture. Any other voltage f uctuations will more or less com-
pletely distort the picture. The only voltage variations that should reaclh the sweep oscillators by way of 
the sync section are those derived from the sync pulses. Anything else may prevent synchronization. All 
this is a way of saying that the grid- cathode circuit and deflection system of the picture tube should be 
affected only by voltages of the composite television signal. 

0 The number and kind of other voltage fluctuations which may reach the picture tube are astonishing, 
and they account for many of our more serious service problems. In a very general way we may classify 
all the unwanted voltages in accordance with their frequencies. If the undesired voltages occur simul-
taneously at scores of different frequencies with no regular pattern, and cover a very wide range of fre-
quencies, they are classified as noise. If the trouble is due to some certain radio frequency or band of 
radio frequencies which follow a regular pattern, as in any kind of signal, it is classed as interference. 

&NO/SE. Noise voltages may extend at the same time through frequencies from only a few cycles per 
second up to many megacycles. When such voltages get into the audio amplifier they may cause hissing, 
crackling, popping, snapping, and similar sounds from the loud speaker. When the same voltages get into 
the video amplifier thy may cause bright flashes, small white streaks, black speckled marks, jittery pic-
tures, and generally similar effects on the picture tube screen. Severe noise pulses may cause momentary 
loss of horizontal synchronization, vertical synchronization, or both. 

Noise voltages are caused primarily by irregular changes of current or electron flow in circuits or parts 
which are inside the receiver, or which are outside and so connected or coupled to the receiver as to affect 
reception. Noise which originates outside the receiver nearly always is from electrical devices in the 
same building, or in the immediate neighborhood, or from devices connected to the same electric power 
service line as the affected receiver. A few of the things which may be suspected are as follows. 

Any household appliance or convenience operated by an electric motor or vibrator, such as: Vacuum 
cleaners, mixers for foods or drinks, food grinders, dish washers, hair dryers, electric razors, sewing 
machines. Less commonly the noise comes from refrigerators, oil burners, and fans in heating or cooling 

systems. 

Electric devices or machines in offices or factories, including: Anything driven by an a-c motor or any 
type of d-c motor. Elevators. Cash registers. Office machines which are motor driven. Electric welders. 

In some cases the noise comes frr”, fluorescent lamps. 
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Fig. 78-1. One effect of noise voltages occuring at random frequencies. 

A few of the noise sources found out of doors include: Busses and trucks on an adjacent street. Street 
and elevated cars and trains which run close to the building in which is the receiver. All types of flashing 

Fig. 78-2. Opening or closing a switch for nearby electrical apparatus may cause a bright flash on the 
picture tube screen. 
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signs. Automatic traffic signals. Some neon signs. Rarely the noise comes from private automobiles, 
since most of them have noise suppression for their own radio sets. 

Picture flashes may be caused when any electrically operated device or machine is switched off or on. 
Fig. 78-2 shows a flash due to switching. Atmospheric static or lightning, which strongly affects standard 
broadcast radio sets, has but little effect on the very-high and ultra-high frequency circuits used in tele-
vision and in f-m sound receivers. 

ONoise voltage fluctuations almost always have the form of amplitude modulation, not frequency modula-
tion. Consequently, they may strongly affect the television picture, which is transmitted by amplitude 
modulation, and also the sync pulse portion of the television signal. These voltages may be picked up by 
the antenna, or they may directly affect the i-f or video amplifier circuits. The frequency range is so wide 

that all channels ordinarily are affected to about the same extent. 

Noise voltages often enter a receiver through the power cord from a building circuit. Such trouble is re-
duced or eliminated by line filters and by power transformers having electrostatic shields. When noise 
effects are present you should try disconnecting the antenna or transmission line from the receiver. If the 
noise effects disappear, leaving a clear raster or a quiet loud speaker, the troublesome voltage probably 
is being picked up by the antenna or transmission line. If noise continues it probably originates in the 
receiver or else is entering from the power line. Noise filters may be used at any of the points shown by 

Fig. 78-3. 

POWER LINE 

SOURCE OF 
NOISE 

Fig. 78-3. Noise filters may be used at the transmission line, at the receiver power cord, or at the source 
of noise voltage. 
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Noise which originates in any of the electrical devices previously listed is preferably stopped at its 
source rather than at the affected receiver. When filters and shielding are used at the receiver, the noise 
pulses still can come into the power lines and be radiated in the form of magnetic and electric fields which 
enter the receiver, or there may be field radiation from the offending device directly to the receiver. 

Noise filters, usually called interference filters, are available in wide variety for installation at the 
source of trouble. Filters for large devices are designed for permanent mounting where the power wires 
enter the housing. Filters for small appliances are constructed to plug into the power receptacle or con-
venience outlet, and have openings that take the plug on the power cord for the appliance. Any filter must 
have sufficient current-carrying capacity for the apparatus to which connected. 

Filter chokes have duolateral windings to reduce the distributed capacitance which would allow escape 
of high-frequency noise pulses. Inductances usually range from about 1/10 to more than 1/2 millihenry. 
The larger filters have bypass capacitors, and accordingly require a connection to ground. 

Noise which originates within the receiver because of defective connections or parts may be due to any 
of a long list of faults, a few of which are as follows. 

Any parts which are mounted so loosely as to vibrate when jarred or when reached by sound waves from 
the speaker. The noise is due to intermittent contacts of the loose parts with metal of the chassis. Look 
especially for shields which are loose or poorly grounded. 

All soldered joints and screwed or riveted terminal connections are open to suspicion. Often there is 
looseness where two or more wire ends are soldered into the same lug. There may be cold solder or rosin 
joints, which may be corrected by melting the solder with a hot iron and letting it re-harden, or better by 
using a very little additional rosin-core solder while heating the joint. Screwed or riveted terminals may 
have corroded, and require cleaning or tightening. There may be defective insulation, although this usual-
ly would allow a dead short circuit. To locate the position of any of these faults, carefully and lightly 
tap, press, or pull on each suspected connection while the receiver is in operation. A change in the noise 
effects means that the trouble has been located. 

Any adjustable control potentiometer or rheostat may cause noise, which usually becomes worse or 
better as the control is rotated. Resistance elements may have become rough along the surface contacted 
by the slider, or there may be looseness of part of a wire winding. The usual cause is overloading and 
overheating due to leakage, shorts, or grounds in other connected parts. Sometimes there is excéssive 
direct current in a control unit whose primary purpose is to regulate an alternating current, with resulting 
noisy operation. The remeey is to connect a fixed capacitor of ample size, or low reactance, in series 
with the control unit. 

ü‘ The contacts in tuners, band switches, or in any other switches may be dirty or corroded. They may be 
cleaned with carbon tetrachloride on a small moderately stiff brush. Contacts which have become bent or 
which have insufficient pressure for any other reason sometimes may be corrected by careful pressing or 
very slight bending while the rotor is turned to some other position. If the contacts are scored, grooved, or 
badly worn the only correct remedy is replacement of the switch. 

Variable tuning capacitors will cause noise voltages if there is dirt between the plates. Remove the 
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dirt by turning the rotor all the way out and working a pipe cleaner in between each pair of plates of the 
stator and the rotor. Rotor and stator plates may touch against each other with the rotor in certain posi-
tions. The spacing usually may be corrected by turning the rotor into full mesh with the stator and then 
pushing between each pair of adjacent plates a stiff card which slides snugly into the spaces. Sometimes 
the entire stator section will have been pushed back or forth. With some constructions it is possible to 
loosen screws that hold the stator, then insert several spacing cards between rotor and stator plates, and 
tighten the stator support screws while the plates are held thus. 

Effects similar to very strong noise voltages may be caused by flashovers or by corona discharges be-
tween any conductors in the high-voltage circuits for the picture tube anode. These troubles usually occur 
where there are sharp projections, as at joints where the solder has not been flowed smoothly and evenly 
into place. The most common location is at lugs on sockets for high-voltage rectifier tubes. 

Even though none of the internal faults mentioned in preceding paragraphs are present there still will 
be thermal noise voltage produced in conductors and in the tubes there will be noise voltage due to shot 

effect. 

Thermal noise results from irregular movements of free electrons in conductors, whether or not there is 
electron flow or current into one end and out of the other end. All the free electrons are constantly moving 
one way and another between the atoms. At any one instant more of the electrons whirh are not part of a 
through current may be moving toward one end than toward the other end of the conductor. This causes an 
instantaneous difference of potential or a voltage between the ends of the conductor, with the polarity of 
the voltage varying in accordance with the direction in which there happens to be a greater net movement 
of free electrons. These thermal voltages exist at all times, no matter what may be the material of the con-
ductor, and regardless of whether there is current flowing all the way through the conductor. 

Thermal noise voltages increase with higher resistance of the conductor, which means that fixed and 
adjustable resistors are the principal sources, and that high resistances tend to cause relatively high noise 
voltages. This thermal effect increases also with rise of temperature. A rise from 70° to 250° F would 
theoretically increase the thermal noise voltage by about one-third. Appreciable noise Voltage may origi-
nate in filament-cathodes when the filament forms part of an amplifier circuit, this is because of the very 
high temperature of the filament. Thermal noise may be reduced to some extent by using resistors having 
wattage ratings great enough to insure operation at low temperature. 

Thermal noise voltages are of a kind which would cause a continual hiss from a loud speaker or small 

flecks of light on a picture tube. Obviously, these effects will be apparent at all frequencies. 

The shot effect in tubes is due to the fact that electron emission from a cathode is not at an absolutely 
uniform rate even when there are constant plate and screen voltages applied. Each electron jumps out of 
the cathode all by itself, and more of them may emerge at one instant than at another. If there is no space 
charge, and all emitted electrons go to the plate or screen as soon as emitted, the irregularity can causé 
considerable noise voltage. Uany phototubes -are operated in this manner. 

Shot effect noise still is present, although greatly reduced, when the tube is operated with a space 
charge — as is the usual practice. Under this condition the tube noise is lessened by high mutual con-
ductance or transconductance and by working the tube with plate current well under the maximum rating. 
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Fig. 78-4. A picture or pattern is filled with "snow" by thermal and tube noise whose strength exceeds 

that of the television signal. 

® Small screen current helps to reduce ttibe noise. Triodes tend to produce less tube noise than pentodes. 
If a given pentode tube is connected to ope.rate as a triode, with plate and screen connected together, the 
noise voltage with the triode connection may be only one-half to one-fourth of that with the pentode con-
nection. Cathode temperature lower than normal tends to increase the tube noise, because then there is 
less emission and a smaller space charge while a given plate current is drawn through the tube. 

Tube noise may be especially troublesome in high-frequency broad band amplifiers wherein the grid cir-
cuit impedance is rather low. The low impedance reduces the signal voltage put onto the grid, and leaves 

the noise relatively larger compared to the signal. 

Tube noise caused by irregularities of emission always is present to some extent in good tubes operated 
with suitable voltages on plate, screen, and grid. Should the plate voltage drop far enough below the 
screen voltage to allow secondary emission of electrons from the plate, or if there is secondary emission 

from any other cause, the tube noise will increase. Tubes which are not well evacuated, and which are 

"gassy", will produce strong noise voltages. 

ubes which are microphonic may also be the cause of noise voltages. A microphonic tube is one in 
which some of the elements may move in relation to one another when the tube is vibrated or jarred. The 
result from a loud speaker is an intermittent sound, at a pitch corresponding to the rate of element vibra-
tion, or a continued howl if the vibration is continual. The result on a picture tube may be bright flashes 
or else flickering or irregular displacement of the image. Television oscillator tubes, either r-f or sweep, 
cause the most trouble when they are microphonic. 1licrophonic audio amplifier tubes cause the character-

istic sounds from the speaker. 
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The test for a microphonic tube is light tapping with the eraser on a pencil or with the end of a non-
metallic alignment tool. When you tap the tube that is microphonic the trouble will become more apparent 
at the picture tube or speaker. This test should be made with the receiver in its cabinet, because vibra-
tions which cause the microphonic effect often are due to sound waves in air partially confined within the 
cabinet. 

Noise voltages which originate in the first stage of an amplifying system or which are introduced by any 
means into the first stage may cause serious difficulty, while noise of equal amplitude originating in or 
introduced into following stages is relatively unimportant. How this comes about is illustrated by Fig. 

78-5. 

We are assuming that signal amplitude reaching the grid of the first amplifier tube is four times as great 
as noise voltage amplitude coming to this same grid, as shown by the voltage waves between antenna and 
first grid. Were the amplification of this tube to be eight times, both the signal and the noise would be 
equally amplified and would appear in the plate circuit as shown by waves a and b. 

Supposing now that additional noise voltage appearing between the output of the first amplifier and the 
input to the second amplifier is of the same amplitude as noise voltage going into the first amplifier. This 
added noise amplitude would be as reprepented at c. It does not add a great deal to the original amplified 
noise, and total noise input to the second amplifier would be of the amplitude shown at d. 

Signal to noise ratio at a and b is 4.00 to 1.00. Adding the same noise amplitude that went into the 
first amplifier reduced the ratio only to 3.56 to 1. If another equal noise voltage were added between the 

SIONAL 

n/V\P 

NOISE 

1 st 

AMP 

a 1 1 On, 

e 

ti 

2nd 

AMP 

Fig. 78-5. A given.noise voltage in an early amplifying stage may cause serious trouble, while the same 
noise amplitude in a later stage is much less important. 
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ADDED NOISE 

+ 10 VOLTS 

+ 50 VOLT SIGNAL 

— 7.5 VOLT NOISE 

Fig. 78-6. How a degenerative feedback reduces the effect of noise originating in the plate circuit of the 
tube. 

second amplifier and a third one, and were the amplification again 8 to 1 for both signal and noise, the 
ratio of signal to noise in the output of the second amplifier would drop to 3.51 to 1.00, which is a negli-
gible change from the signal to noise ratio in the output of the first amplifier. 

Noise which is introduced in the output of an amplifier may be greatly reduced by employing a degenera-
tive feedback from plate to grid. Fig. 78-6 is an example in which certain definite voltage values are used 
merely to illustrate what may happen. Assume that in the plate output of the tube there is a 50-volt signal 
to which is added 10 volts of noise. We shall call the polarity or phase positive in order to identify in-
versions which occur. 

With a 3 per cent degenerative feedback there is applied to the grid+1.5 volts of signal and+0.3 volt 
of noise. The signal from a preceding stage is - 3.5 volts, from which we subtract the j-1.5 volts of de-
generative feedback to leave - 2.0 volts of signal on the grid. Amplification is assumed to be 25 times. 
There is inversion of polarities between grid and plate. Then the amplified output consists of + 50 volts 
of signal, as originally assumed, and of - 7.5 volts of noise. Polarity of this amplified noise voltage is 
negative, whereas the polarity of the original added noise is positive. Thus the noise voltage remaining 
for a following amplifier is reduced to+ 2.5 volts. 

We have assumed that no noise comes to our amplifier from the preceding stage. Noise that does ac-
tually come from that preceding stage will be amplified without any reduction due to the regeneration. 

However, noise produced in the output of the amplifier considered will be reduced by degenerative feed-
back from its plate to its grid. 
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GNOISE LIIIITING FOR SYNC PULSES. Strong pulses of noise voltage which add themselves to the 
composite television signal may act like sync pulses, and trigger the sweep oscillators at incorrect times. 
This will destroy synchronization while the noise continues. In many television receivers there are means 
for limiting the strength of noise pulses. The noise limiting circuits usually are located somewhere be-
tween the video detector and signal input to the picture tube, or somewhere in the video amplifier. This 
location is chosen because signal takeoff for the sync section ordinarily is from some point in the video 
amplifier system. 

Fig. 78-7 shows a noise clipper connected to the signal transfer line between two video amplifier tubes, 
to the output of an amplifier in which sync pulses are positive and picture signals negative. The clipper 
is a diode with its cathode grounded. The diode plate is connected to the signal line through capacitor C 
and to ground through resistor R. 

The positive sync pulses make the clipper plate positive and cause conduction through capacitor C, and 
the diode to ground, until the capacitor is charged to a voltage nearly equal to the sync pulse amplitude. 
Most of this charge is retained on the capacitor because capacitance at C and resistance atjj are of such 
values as to provide a long time constant. The capacitor charge now makes the diode plate negative, and 
conduction drops to the small flow needed to maintain the capacitor charge. If there are noise voltage 
pulses more positive than the tips of the regular sync pulses the noise makes the clipper plate momen-
tarily positive. Then there is conduction, and noise voltage passing on to the second amplifier is pulled 
down to a level only slightly above that of the sync pulse peaks. 

Fig. 78-8 shows the circuit for a video amplifier operated as a noise limiter, riere the sync pulses are 
negative and the picture signals positive as they come from the video detector and go to the grid of the 
limiting amplifier. The amplifier is operated with very low plate voltage and a small negative bias, to al-

VIDEO VIDEO 

AMP AMP 

CLIPF'ER 

Fig. 78-7. A Iliode noise clipper between 
two video amplifiers. 

gp 

VIDEO 

DETECTOR 

-=- -.7. • 

VIDEO AMP. 

Fig. 78-8. A video amplifier operated as 
a noise limiter. 
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low about one-third of the normal plate current. Any strong noise voltage will cause a negative pulse of 
greater amplitude than the regular sync pulses. The increased negative voltage thus applied to the ampli-
fier grid drives this tube beyond plate current cutoff. Thus the noise pulses are cut down to the level of 

the sync pulses. 

Other and more elaborate methods may be used for limiting the effect of noise on the sync system. In 
some receivers the last i-f amplifier feeds not only the video detector in the usual manner, but also an 
additional i-f amplifier whose pass band is only about 0.1 mc, centered at the video intermediate frequency 
where the low-frequency sync pulses appear. This additional narrow-band amplifier then rejects all noise 
frequencies that are appreciably higher than the horizontal sync frequency. Its output goes to a separate 
diode detector from which the sync pulses pass to the sync section and the sweep amplifiers. 

INTERFERENCE 

You will recall that we originally classified interference as consisting of undesired voltages at a radio 
frequency and having some regular pattern, such as a steady alternating frequency.or a signal frequency. 
We must remember that radio frequencies include all those from about 30 kilocyclesup to hundreds of mega-

cycles, and that interference may be anywhere in this wide range. 

In the discussion to follow we shall explain almost every kind of r-f interference except the few kinds 
which we talked about in connection with traps used in i-f amplifier systems. These few include adjacent 
channel video and sound frequencies, and accompanying sound frequencies. The other kinds of rf inter-
ference are most bothersome in localities where signal strength is low and receivers have to be operated 
with high gain, also where there are great numbers of receivers close together, and in areas close to radio, 

f-m, and television transmitters of any kind. 

As a general rule the interference signals are picked up by the antenna or the transmission line. By the 
combined action of the r-f oscillator and the mixer of the receiver these interference signals then are con-
verted to frequencies which may be amplified by the i-f amplifier of the receiver. If the interference can-
not cause a frequency to which the i-f amplifier responds it cannot be classed as interference at all, for it 
will not get through this amplifier to the video detector and the sound system. Our first step in determin-
ing what signal frequencies can cause interference is to consider the response of the i-f amplifier system. 

Just what frequencies can cause interference will depend on two factors. The first factor is the particu-
lar intermediate frequency employed in the receiver on which you are working. There will be a different 
set of interference frequencies for every different intermediate frequency which may be employed. For all 
following examples we shall assume that the receiver uses a video intermediate frequency of 25.75 mc and 
a sound intermediate of 21.25 mc. We could use the newer standard video intermediate of 45.75 mc and 
sound intermediate of 41.25 mc, but the ones first mentioned have been used in a large number of receivers 
and they allow certain interferences which are either impossible or else become relatively unimportant with 
the newer standards. Should you wish to do so, it is not difficult to work out the possible interference fre-
quencies for any other set of receiver intermediate frequencies. 

The second factor which affects the frequencies which may cause interference is the range of frequen-
cies covered by the channel to which the receiver is tuned. The interfering frequencies are different for 
every different channel. In our examples we shall assume that the receiver is tuned for channel 5. You 
may compute the interference frequencies for other channels without too much trouble. 
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INTERMEDIATE FREQUENCIES — 21.25 

RESPONSE LIMITS — 20.50 — 

CARRIER FREQUENCIES — — 81.75 -.1‘e— 

RESPONSE LIMITS — 
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— 82.50 

82.00 

VIDEO 

25.75 

4.5 mc — 77.25 
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27.50 

— 75.50 

76.00 

Fig. 78-9. The i-f amplifier response and the carrier-frequency response for channel 5 with a video inter-

mediate frequency of 25.75 mc. 

The frequency response of the i-f amplifier may be represented by the curve in Fig. 78-9. The response 

does not fall to zero until about 0.75 mc below the sound intermediate and about 1.75 mc above the video 
intermediate. Since the r-f oscillator frequency for our assumed intermediates must be 103 mc on channel 

3, the response between the two zero points will be through carrier frequencies from about 0.50 mc below 
the channel limit on one side to about 0.50 mc above the channel limit on the other side. Thus we deter-

mine that any signal frequency between 75.50 mc and 82.50 mc may cause interference when our receiver 

is tuned to channel 5. 

The first kind of interference to consider is that of image frequencies. Doubtless you remember that an 
image frequency is one that is just as far above the r-f oscillator frequency as the desiredcarrier frequency 
is below this oscillator frequency, and that the image frequency is higher than the desired carrier frequen-

cy by twice the intermediate frequency. 

Fig. 78-10 illustrates some of the relations of image frequencies to our present investigation of inter-
ference. Diagram 1 shows the normal performance in the front end of a television receiver tuned to channel 
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and operating with our assumed intermediate frequencies. Subtracting the sound and video carrier fre-
quencies from the r-f oscillator frequency gives the sound and video intermediate frequencies, because 
these intermediates are beat frequencies equal to the differences between oscillator and carrier frequen-
cies. 

Diagram 2 shows image frequencies which go from the antenna through the r-f amplifier to the mixer. 
The r-f oscillator frequency is, of course, unchanged. If you subtract this oscillator frequency from the 
image frequencies, the difference beat frequencies are exactly the same sound and video intermediate fre-
quencies as obtained normally in diagram 1. If the r-f amplifier and antenna coupling are of tuned types 
they will be tuned to receive the regular carrier frequencies, and the images should be greatly attenuated. 
If, however, there is insufficient selectivity between antenna and mixer it will be possible for image fre-
quencies to get through and cause interference, because they produce the intermediate frequencies to which 
the i-f amplifier is sensitive. 

Diagram 3 of Fig. 78-10 shows image frequency limits as based on the response limits of our i-f ampli-
fier system. The Si-f response was shown in Fig. 73-9 as extending from 20.50 mc to 27.50 mc, and the 
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Fig. 78-10. Some examples of image frequencies. 
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Fig. 73-11. How interference may result from oscillator second harmonic frequency. 

image response limits will be proportionately extended as shown in Fig. 73-10. The image limits are 
equal to the sum of the r-f oscillator frequency plus the i-f amplifier limit frequencies. 

Unfortunately our r-f oscillator cannot be depended upon to send to the mixei• only the fundamentaloscil-
lator frequency. Nearly always it. produces a second harmonic strong enough to beat with any other fre-
quency reaching the mixer, and to thus form beat frequencies in the range for which the i-f amplifier is 
sensitive, provided the other frequencies are suitable for such action. 

The first thing that may happen with the oscillator second harmonic is shown at 1 in Fig. 78-11. The 
second harmonic for our oscillator tuned to 103.00 mc for channel 5 is 206.00 mc. If you subtract from this 
second harmonic frequency the two frequencies marked "Second Harmonic Interference" the difference beat 
frequencies will be the limiting frequencies between which the i-f amplifier is sensitive. Consequently, 
signal frequencies within the range here shown as from 185.50 mc to 178.50 mc can cause interference 
which will pass through the i-f amplifier of the receiver. 

Still another range of interference signals is based on image frequencies for the second harmonic oscil-
lator frequency, as shown by diagram 2 of Fig. 78-11. Subtracting the oscillator second harmonic frequency 
of 206.00 mc from these image frequencies of 226.50 mc and 233.50 mc gives the difference beat frequen-
cies that are the limits of sensitivity or of response for the i-f amplifier of our receiver. 

If the receiver has a tuned antenna coupler or a tuned r-f amplifier with any reasonable selectivity there 
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Fig. 73-12. Intermediate frequency interference may reach the amplifier in various ways. 

should be little interference trouble from the signals shown in Fig. 78-11. The antenna coupler.and r-f 
amplifier would be tuned for response in a normal carrier range of 32.50-mc to 75.50 the, as shown in Fig. 
78-9. But there are many receivers with untuned inputs, and as a result there may be and often actually is 
interference due to oscillator second harmonics and to images based on these harmonics. 

GAlthough most of the interference signals get into the receiver by way of the antenna and transmission 
line it is quite possible to have pickup on circuit wiring in the i-f amplifier provided the interference fre-
quency is within the response limits of this amplifier. In our present example these limits are 20.50 mc 
and 27.50 mc. Also, should strong interference at frequencies within these limits be picked up on the 

antenna or transmission line it could' get through a non-selective r-f amplifier, or might be coupled from the 
antenna input circuits over into the i-f amplifier. These possibilities are indicated in Fig. 73-12. 

The final possibility for entrance of interference signals to the receiver is direct pickup by the input 
circuits of the video amplifier. Since this amplifier is sensitive to frequencies all the way from around 30 
cycles per second up to nearly 1.5 mc, any radio frequency below 4.5 mc might thus become interference. 
The interfering signal in this frequency range would have to be very strong. 

There are simple tests for the last two classes of interference. If you remove the mixer tube or short 
its grid to ground and the interference effects continue, it is quite probable that pickup is in the i-f ampli-
fier circuits. If you remove or disable the last i-f amplifier, the one preceding the video detector, and the 
effects of interference continue, there probably is pickup by the video amplifier circuits. 

By looking back through the diagrams showing possible interference frequencies in Figs. 78-9 to 78-12 
you will see that all of these frequencies, except that of the video amplifier, are determined in accordance 
with the frequency response or pass band of the i-f amplifier and the oscillator frequency for the channel 
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considered. The oscillator frequency really depends on the i-f pass band, for it always is equal to the sum 
of the video intermediate frequency plus the video carrier frequency of the channel, or to the sum of the 
sound intermediate frequency and the sound carrier frequency of the channel considered. 

If you know the intermediate frequencies used in a receiver, and look up the video and sound carrier fre-
quencies for the channel on which there is interference, the possible interference frequencies may be de-
termined as shown in the accompanying table. In the right-hand column are listed possible interference 
frequencies for a receiver using intermediates of 21.25 mc and 25.75 mc, and tuned to channel 5. These 
possible interference frequencies would be different for other intermediates and for other channels, but 
they could be computed as shown. 

POSSIBLE INTERFERENCE FREQUENCIES 

Band In Which 
Interference slay Occur 

I-f pass band 

Carrier frequencies 

Image frequencies 

Osc'r 2nd harmonic 

Image, 2nd harmonic 

Video amplifier 

lbw the Interference Ranges 
Are Computed 

From Sound intermediate - 0.75 mc 
To Video intermediate + 1.75 mc 

fl-f osc'r freq. — i-f pass 

R-f osc'r freq.. + i-f pass 

(2 x osc'r freq.). — i-f pass 

(2 x osc'r freq.) + i-f pass 

band 

band 

band 

band 

Same for all receivers and channels 

Ranges (mc) for 
Example Assumed 

20.50 to 27.50 

75.50 to 82.50 

123.50 to 130.50 

178.50 to 185.50 

226.50 to 233.50 

0.03 to 4.5 

The manner in which the interference ranges of our examples would be distributed in the r-f frequency 
spectrum is shown along the top bar of Fig. 78-13. Any of these frequencies might be those generated by 
the sources of interference, or they might be harmonics of the fundamental frequencies atwhich the sources 
are operating. That is, the interference frequency affecting our receiver could bee harmonic of the source 
frequency rather than its fundamental frequency. 

If the receiver is being affected by a second harmonic, the fundamentals at which sources are operating 
are shown along the second bar of Fig. 78-13. If trouble results from a third harmonic, the fundamentals of 
the source would be as shown along the third bar. Along the bottom bar are combined all the frequencies 
which may be received as either fundamentals or second or third harmonics. From zero to 130 mc there are 
almost as many possible interference frequencies as there are frequencieson which interference is improb-

able or impossible. 

SOURCES OF INTERFERENCE. Interfering signals at radio frequencies may come from any of a wide 
variety of sources, some of which are as follows. 

Television broadcast transmitters operating on the channel to which the receiver is tuned or on other 

channels. 

F-m broadcast transmitters giving services in either the entertainment or educational field. 
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Fig. 78-13. Interference frequencies for receiver with video intermediate of 25.75 mc, tuned for channel S. 
Bars show frequencies reaching the receiver on line for fundamentals, also fundamentals which 
may result in harmonics at the receiver. 

Short-wave transmitters of all kinds. In this class are amateur radio stations ind international short-
wave broadcast stations. 

Aviation services of many kinds; direction finding, landing beacons, airport control, civil aviation, and 
others. 

Marine services such as drrection finding, beacons, coastal harbor, ship to ship, fire, and others. 

Police radio systems, state and local. 

Newspapers; mobile transmitters, facsimile transmission, etc. 

Weather reporting and forecasting. 

Medical apparatus operating at radio frequencies. 

Industrial devices operating at radio frequencies, as some types of heating and drying equipment, some 
sterilizing apparatus, etc. 

There are many experimental and other more or less temporary services which may cause interference. 
The signals may be modulated with voice, music, code ( dot and dash) or in any other manner, or they may 
be unmodulated. R-f signals which are being used for any kind of communication usually extend over a 
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Fig. 78-14. Herringbone interference pattern from medical or industrial apparatus using radio frequencies 
at a 60-cycle pulse rate. 

Fig. 78-15. Strong interference from medical diathermy apparatus. 
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requency band narrow enough to affect only one television channel, or two at the most. Interference from 
non-communication sources, such as those classed as medical and industrial, may extend over such a 
range of frequencies as to cause interference in many or all channels. 

Industrial and medical apparatus which operates at radio frequencies causes interference patterns of 
the general type illustrated by Fig. 7841. There is a more or less distinct herringbone extending horizon-
tally all the way across the picture tube screen. The higher the interfering frequency the closer together 
will be the adjacent wavy lines of the pattern. Unless the interference frequency is continuous the pattern 
will consist of separated bands running horizontally. The example shown by the drawing would indicate 
that the interfering frequency comes on and off at a rate of 60 times per second, because there is one hori-
zontal band during each vertical deflection perbd of 1/60 second, and the interference must be reaching a 
peak strength and then a minimum strength within each such period. 

Two horizontal bands of the interference effect would indicate that the source is on and off, or goes 
through maximum and minimum, at a rate of 120 cycles per second, while three bands would indicate 190 
cycle operation, and so on. If the interference is of low strength the pattern will be weak, but still will 
distort all or part of the picture. Extremely strong interference of this general class may cause almost 
complete blackout of parts of the picture, as illustrated by Fig. 78-15. 
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REMEDIES FOR INTERFERENCE 

The best method for getting rid of the effects of any given kind of interference depends largely on the 
frequency at which the source of interference is operating. If we can determine this frequency, even 
approximately, our problem is greatly simplified. Oftentimes a knowledge of the probable frequency allows 
not only identifying the source of interference, but quite likely also its direction from the receiver. 

To illustrate one method of determining an interference frequency we shall assume, for example, a 

frequency of 157,500 cycles or 157.5 kc per second. During one alternation of each interference cycle 
the grid-cathode voltage on the picture tube will be made less negative, and on the opposite alternation 
of interference it will be made more negative. The result on the screen of the picture tube will be one 
light-toned vertical line or bar followed by a dark-toned line or bar for each cycle of interference fre-
quency. The effect is illustrated by Fig. 79-1. 

We know that there are 15,750 horizontal picture lines per second, this being the horizontal scanning 
frequency. If there are 157,500 interference cycles per second it follows that during each horizontal 
scanning line there must be 10 interference cycles, since dividing 157,500 by 15,750 gives 10. Then, as 
in Fig. 79-1, there will appear along each horizontal line 10 light-toned sections with each followed by 
a dark-toned section of the line trace. 

OEvery horizontal trace will consist of 10 pairs of light and dark sections. With the interference fre-
quency an exact multiple of 15,750, as in our present example, all the horizontal traces will start on the 
same point of an interference cycle. Then all the horizontal traces will be alike, and the light and dark 
toned sections will be vertically in line to form vertical bars as illustrated. 

(-.) The interference bars will be vertical on the picture tube screen only when the frequency interfering 
with a picture is some exact or integral multiple of 15,750. If division of the interference frequency gives 
some whole number plus a fraction left over, the light and dark bars will slope either to the left orto the 
right. This is because the fraction of an interference cycle left over at the end of each horizontal trace 
appears at the beginning of the next trace. All the interference cycles on this next trace are pushed a 
little to the right or the left. The same thing happens on a third horizontal trace, and on all following 
traces down to the bottom of the picture area. Then the interference pattern will slope either to the left, 
as in Fig. 79-2, or else to tie right as in Fig. 79-3. 

The interference frequency is computed by counting the pairs of interference bars, or else by counting 
either the light-toned bars or else the dark-toned bars, all the way across the pattern or picture. This 
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Fig. 7Q-1. Interference pattern from a frequency of 157,500 cycles per second. 

number multiplied by 15,750 gives the approximate interference frequency. In Fig. 79-1 we have 10 pairs 
of interference bars which, multiplied by 15,750, gives 157,500 cycles per second for the interference. In 
Fig. 79-4 there are 20 pairs of interference bars from left to right across the pattern, and multiplying 20 

Fig. 79-2. A typical pattern of high-frequency interference. 
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Fig. 79-3. The interference lines or bars may slope in either direction. 

and 15,750 gives 315,000 cycles or 315 kc per second as the approximate interference frequency. Any 

other interference frequency may be determined similarly. 

Fig. 79-4. Interference pattern from a frequency of 315 kilocycles. 
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It is often difficult to count the interference bars all the way across the width of the picture or pattern, 
because as a rule the bars shift their positions due to slight changes of interference frequency or of hori-
zontal line frequency in the receiver. It is, however, relatively easy to measure the distance between 
centers of two adjacent light bars or two adjacent dark bars, then divide this separation distance into the 
width of the pattern or picture to determine the approximate number of interference cycles per horizontal 
line. This number of cycles then is multiplied by 15,750 to learn the approximate frequency in cycles per 
second of the interference. 

The method of identifying an interference frequency by counting the number of cycles per horizontal 
line gives fairly accurate results when a television signal is being received along with the interference, 
and when this signal is holding the picture or pattern in horizontal synchronization. If you could cut off 
the television signal to leave only the interference, were the interference frequency not too far from an 
exact multiple of 15,750, and were the interference rather strong, it could synchronize the horizontal 
sweep oscillator at a frequency corresponding to a multiple of the interference frequency. Then the inter-
ference bars would remain vertical and steady, but the sweep rate would depend on the interference rather 
than being 15,750 times per second as from a television signal. 

When the r-f interference frequency is constant or very nearly constant it is characterized by diagonal 
or vertical bars or lines which may be wide or very narrow. The bars may shift sideways slowly or rapid-
ly, but they remain straight or have only moderate curvature. 

If the interference frequency is shifting above and below some average value at a greater or less rate, 
but is remaining close to the same average, the effect may be a sort of herringbone pattern as illustrated 
by Fig. 79-5. The bars slope first one way and then the opposite way between top and bottom of the 

Fig. 79-5. 79-5. Herringbone pattern as from low-frequency interference. 
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Fig. 79-6. A crosshatch interference pattern. 

picture or pattern area. Any pattern of zig-zag form from top to bottom, or any which consists of curves 
that bend back and forth from top to bottom, usually is referred to as a herringbone pattern. We looked at 
a narrow herringbone pattern when discussing industrial interference and interference from medical ap-

paratus. 

When the interference consists of two radio frequencies, or when there is rapid increase and decrease of 
the interference frequency, the effect may be described as a crosshatch pattern. Such a pattern will have 

lines or bars at two different slopes, and criss-crossing each other about as shown by Fig. 79-6. 

herringbone and crosshatch patterns may result from modulation of the r-f interference. Modulation also 
causes single sets of interference lines to weave back and forth, or to ripple in regular or irregular short 
curves along the length of the lines. The modulation may be of either the amplitude or frequency type, 
and may be carrying voice, code, or any other kind of signals. The pattern will change with every change 
of modulation strength or modulation frequency. 

When interference bars run horizontally across the picture or pattern, rather than vertically or at a slant, 
the number of horizontal bars is related to the vertical scanning frequency of 60 cycles per second in the 
same way that vertical or slanting bars are related to the horizontal scanning frequency. That is, multi-
plying the number of light or dark horizontal bars by 60 gives the interference frequency in cycles per 

second. 

Horizontal bars of the general type illustrated by Fig. 79-7 result from interference frequencies of 60 
cycles or more, but less than 15,750 cycles, or they result from frequencies somewhere between the verti-

cal and horizontal scanning rates. At any frequencies within this range one cycle of interference takes up 
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Fig. 79-7. Interference pattern produced by a frequency of about 255 cycles per second. 

a time which is more than the period for one horizontal scanning line. Therefore, the effect of any such 

interference frequency will continue all the way across one or more horizontal scanning lines, and it 
must show up as horizontal bars. 

Fig. 79-8. Interference at about 480 cycles per second. 

"="" 
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In order to have a clearly visible effect or to produce bars of enough width to be seen, each cycle of 
interference frequency must continue during at least two horizontal trace periods or must cover a height 
of two trace lines on the screen. To extend over two lines the frequency would have to be 7,875 cycles 
per second, which is one half the horizontal scanning frequency. The lower the interference frequency 
or the fewer its cycles per second the greater will be the number of horizontal scanning lines affected 

by each cycle, and the greater will be the width of the interference bars. 

In Fig. 79-7 there are four light-toned bars alternating with four dark-toned bars, and there is part of 
another dark-toned bar. Each interference cycle is represented by one light bar and the adjacent dark 
bar. Here we have about 4% such cycles. Multiplying 414 by 60 gives the interference frequency as about 

255 cycles per second for this particular example. 

In Fig. 79-8 there are eight dark-toned bars, seven complete light-toned bars, and parts of other light 
toned bars at the top and bottom of the pattern. The number of interference cycles is apparently a little 
less than eight. Eight cycles multiplied by 60 would give an interference frequency of 480 cycles per 

second, so the actual interference frequency is slightly less than this value. 

C;1Interference bars that are horizontal usually are called sound bars, because they result from interfer-
ence frequencies in the audio range or in the range of audible sound, at the video amplifier. 

If the low-frequency (sound bar) interference is the modulation on a higher frequency which, by itself, 
would cause narrow vertical or diagonal bars, the effect on the picture tube screen will be somewhat as 

illustrated by Fig. 79-9. Here we have the same low-frequency horizontal bars as in Fig. 79-7, but in 

Fig. 79-9. Sound bars combined with a high-frequency interference pattern indicate a modulated radio 

frequency as the source. 
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addition there are narrow sloping bars which characterize radio-frequency interference. If the low-fre-
quency modulation is quite strong the horizontal bars may be of herringbone form or possibly of the cross-
hatch type. 

Any low-frequency horizontal bars will remain stationary on the picture or pattern only when the low 
frequency is an integral multiple of 60, which is the vertical scanning rate. The multiple may be 120, 
180, 240, or something like that. If the low frequency is a fractional multiple of 60 the horizontal bars 
will move up or down more or less rapidly on the screen when the picture or pattern is being held in 
vertical sync by a received television signal. If there is no signal, but only the low-frequency inter-
ference, the interference may synchronize the vertical sweep oscillator. Then the horizontal bars will 
remain stationary. 

If the interference pattern seen on the picture tube indicates that there • modulation at an audio fre-
quency it may be possible to listen to the modulation and thus identify the source of interference. In spite 
of the fact that television receiver sound systems are designed for reproduction of f-m signals most of 
these systems will have sufficient response to strong a-m signals to allow recognizing the words of sta-
tion call letters and other voice announcements. 

l'he sound takeoff of the television receiver is tuned for response at the sound intermediate frequency. 
The sound intermediate is originally formed from the sound carrier frequency. The r-f interferer ce which 
is carrying audio modulation often may be heard quite clearly by adjusting a fine tuning control of the 
receiver to alter the r-f oscillator frequency enough to pass the interference through the receiver sound 
system. This usually is more successful on high-band channels than on low-band channels, because a 
fine tuning control can cause a wider shift of r-f oscillator frequency in the high-band channels. A much 
greater shift of frequency may be brought about by temporarily readjusting the alignment of the r-f os-
cillator for the channel in which interference is apparent. This latter method will, of course, require that 
the oscillator be returned to its correct alignment after the source of interference has been identified. 

ithout making any adjustments on the television receiver it often is possible to listen to announce-
ments and other messages which are the modulation for high-frequency short-wave stations of all kinds. 
As a general rule these stations operate with amplitude modulation. 

The source of f-m broadcast interference often may be identified by listening for the call letters and 
other announcements. F-m interference may affect television reception in channel 6, which is just below 
the f-m band in the frequency spectrum. Adjustment of the fine tuning control or temporary readjustment 
of the r-f oscillator frequency usually will bring in the f-m program quite distinctly. 

The frequency of r-f interference may be determined by using an accurately calibrated r-f signal gene-
rator loosely coupled to the antenna input of the receiver. The coupling may be made from the high-side 

lead of the generator through a fixed capacitor of 10 to 25 mmf to an antenna terminal. There may be 
sufficient coupling with the output lead of the signal generator laid close to the transmission line where 
it connects to the antenna terminals of the receiver. % hen the signal generator is tuned to produce the 
same frequency as that of the interference there will occur a distinct change in the interference pattern. 
The interference frequency then is read from the tuning dial setting of the generator. 

You must take care that the actual interference frequency is not a harmonic of the frequency to which 
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the generator is tuned when the pattern is altered. After obtaining one indication, try tuning the signal 
generator to twice the frequency. 11 this produces the same result, try three times the original frequency. 
The actual frequency of interference is the frequency to which the generator may be tuned in order to pro-

duce the strongest change in the interference pattern on the picture tube screen. This identifies the 
frequency of interference coming to the antenna or transmission line of the receiver. We must not forget 
that this identified frequency may be a harmonic of the frequency at which the source of interference is 

operating. 

As a final check it is advisable to tune the signal generator back and forth through the assumed inter-
ference frequency. If the same changes of interference pattern occur every time the generator output goes 
through the one frequency, you may assume that the changes really are due to the generator signal and not 

to something else which may reach the receiver input. 

It is quite possible to have interference from some signal whose frequency is within the intermediate-
frequency pass band of the receiver rather than at a carrier frequency. I-f interference may come from the 
antenna or transmission line through the tuner to the i-f amplifier, but it is just as likely or even more 
likely to be picked up in wiring and parts of the i-f amplifier. 'I'he effects as they appear on the picture 
tube are so nearly like those from carrier-frequency interference as to make it difficult to tell whether the 
trouble is from carrier or intermediate frequencies. 

One of the easiest ways to determine which range of frequencies is causing the trouble is to change the 
adjustment of the fine tuning control. If the interference is at an intermediate frequency the fine tuning 
control will cause the pattern to shift and turn one way and the other, even with small changes of control 

81- MC RADIATION 

MIXER 

R - F 
AMP. 

OSCILLATOR 
81 MC 

TUNED TO CHANNEL 2 

R- F 
AMP. 

OSCILLATOR 

MIXER 

TUNED TO CHANNEL 5 
(76 TO 82 MC) 

Fig. 79-10. The r-f oscillator of a television receiver may cause radiation and interference pickup by 
other nearby receivers. 
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adjustment in many cases. If the interference is at a carrier frequency, changes of the fine tuning control 
11 have little or no effect on the interference pattern. 

Another check consists of tuning the receiver to different channels. If the interference effects are 
apparent on all channels it is quite probable that the interference is within the intermediate-frequency 
range of the receiver. Interference which appears on only one or two channels is at a carrier freqnency, 
or it is at a harmonic producing a carrier frequency from some lower frequency fundamental. 

OSCILLATOR RADIATION. There are many television receivers in which voltage from their r-f oscil-
lator goes not only to tht mixer tube but also in the wrong direction through the r-f amplifier to the trans-
mission line and antenna. Then there is radiation from the receiving antenna at the r-f oscillator fre-

quency, and this radiation may be picked up by the antennas of any other nearby television receivers. If 
the frequency of the radiation from the first receiver is within the limits of a channel to which the second 
receiver happens to be tuned, there will be radio-frequency interference on the picture tube screen of the 
second receiver. 

An example is illustrated by Fig. 79-10. Receiver 1 is tuned for reception on channel 2. 1‘.e shall 
assume that its video intermediate frequency is 25.75 mc. The video carrier frequency for channel 2 is 
55.25 mc. The r-f oscillator of this receiver must be operating at a frequency which is the sum of the 
video carrier and video intermediate, which is 81 mc. This 81-mc frequency is getting to the antenna of 
receiver 1, and from this antenna is radiated to the antenna of receiver 2. Receiver 2 is tuned for recep-
tion on Channel 5, whose frequency band is from 76 to 82 mc. This receiver is thus responsive to the 81-
mc oscillator radiation from receiver 1. This radiation frequency will go through the r-f amplifier of recei-
ver 2 and in the mixer will beat with the oscillator frequency of receiver 2. Since the resulting beat 
frequency is within the intermediate-frequency band pass of receiver 2 the beat will be amplified to pro-
duce r-f interference in this second receiver. 

There are many other possible combinations of frequencies which may cause interference. Fig. 79-11 
illustrates the combinations when the radiating receiver operates with a video intermediate frequency of 

25.75 mc. At the top are represented the channels to which may be tuned the receiver that is interfered 
with. Next below are shown the r-f oscillator frequencies of the radiating receiver when tuned to certain 
channels. These channels include numbers 2, 3, 7, 8, and 9, with which there is interference respectively 
with another receiver tuned to channels 5, 6, 11, 12, and 13. 

The offending receiver may radiate also at the second harmonic of its oscillator frequency. In this case 
there will be radiated interference when the receiver is tuned to channels 3, 4, or 5, as shown at the bot-
tom of Fig. 79-11. The interference with another receiver then will be at the low end of channel 7, at the 
top of channel 8 and the bottom of channel 9, and near the middle of channel 12. 

All our frequency computations are here based on the offending receiver having a video intermediate 
frequency of 25.75.mc. Any higher intermediate would cause a correspondingly high radiated frequency. 
If the video intermediate frequency were the newer standard of 45.75 mc none of the radiated frequencies 
would fall into another television channel. No change that could be made of the intermediate frequency of 
a receiver being interfered with would have any effect, because the radiated interference frequency would 
remain unchanged. 
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Fig. 79-11. Oscillator frequencies and their second harmonics which may be radiated from a receiver 
using a video intermediate of 25.75 mc when tuned to various channels. 

Oscillator radiation may originate from f-m receivers and from any other high-frequency receivers as 
well as from television sets. The f-m broadcast band extends from 88 to 108 mc. Vihen using an inter-
mediate frequency of 10.7 mc the r-f oscillator frequencies of f-m broadcast receivers will be in the range 
between 98.1 mc and 118.1 mc, which does not extend into any of the television channel frequencies. 13ut 

second harmonics of the higher f-m broadcast oscillator frequencies might cause interference in television 

channels 10 through 13. 

Iscillator radiation is most troublesome where many receiving antennas are close together, also in 

localities where television signal field strength is rather weak and where receivers have to be operated at 

nearly maximum gain. Radiation is worse from receivers having atitenna input to the grid of a triode r-f 
amplifier than when this amplifier is a grounded grid triode or a pentode. Oscillator voltage goes more 
easily from plate to grid in a triode than through a grounded grid triode or a pentode. Radiation is rechced 
by suitable design of tuner circuits. Recently designed tuners seldom allow oscillator radiation to exceed 

a strength of 10 microvolts, whereas some of the older types would allow radiation at several thousands of 

microvolts. 

(.2). DOUBLE CONVERSION INTERFERENCE. Double conversion interference includes all the kinds which 

result when the r-f amplifier of the receiver interfered with is operating as a mixer or converter. Then 
there can be two frequency conversions, one in the f-f amplifier and another in the regular mixer or con-
verter. This general class of interference may be called also r-f conversion interference, because the 

r-f amplifier is acting as a mixer or converter. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.79 — Page 12 

II 

STRONG NEGATIVE BIAS 

LESS NEGATIVE BIAS 

LINEAR OUTPUT 
NO MIXING 

NON-LINEAR OUTPUT 

INPUT 
GRID VOLTAGE 

MIXING ACTION 

Fig. 79-12. An r-f amplifier may act also as a mixer when operated on the bend of its mutual characteristic. 

A mixer, as doubtless you recall, is a rectifier, a detector, or any tube having a "non-linear" output in 
which variations of plate current and voltage do not follow the changes of applied grid voltage. A triode 
or pentode r-f amplifier tube will operate as a mixer when it is worked with such a combination of plate 
voltage and negative grid bias as to cause operation on the bend of the transfer characteristic. 

Fig. 79-12 shows two alternating grid input voltages that are alike. One of these voltagesswiags back 
and forth around a strong negative bias voltage. One side of the alternating grid voltage is amplified more 
than the other side, and we have a non-linear output which can cause mixing action and a beat frequency 
whenever a second alternating voltage is applied to the grid. The other input grid voltage shown on the 

graph swings back and forth around a less negative bias. This brings the transfer action onto a straight 
portion of the characteristic curve. Then there is linear output, with both sides of the grid voltage equ-
ally amplified, and there will be no mixing action in case a second alternating voltage is applied to the 
grid. 
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The second alternating voltage on the r-f grid will be the r-f oscillator voltage when a small amount of 
this voltage goes the wrong way through the r-f tube and reaches its grid. This oscillator voltage then 
can beat in the r-f amplifier (working as a mixer) with any signal frequency coming from the antenna to the 
grid of the r-f amplifier. The output of the r-f amplifier then will contain sum and difference beat frequen-
cies of the signal voltage and oscillator voltage. These frequencies go from the r-f amplifier to the regu-
lar mixer, and there they beat again with the r-f oscillator frequency. If the result of this second mixing 
or second conversion is within the i-f pass band of the receiver there will be interference which is ampli-

fied and delivered to picture tube or to the loud speaker. 

An example of how all this may happen is illustrated by Fig. 79-13. Our receiver is tuned for reception 
on channel 5. The video carrier of channel 5 is at 77.25 mc, our assumed video intermediate frequency is 
25.75 mc, so the r;t oscillator must be operating at the sum of these two frequencies, or at 103.00 mc. 
Part of the voltage at this oscillator frequency is getting to the grid of the r-f amplifier and thus to the 

antenna input circuit of the receiver. 

To the antenna of the receiver is coming also an interference frequency of 181.25 mc. This is the video 
carrier frequency of a transmitter operating on channel 8. The interference frequency and the r-f oscillator 
frequency beat together in the r-f amplifier (operating as a mixer) to produce a difference frequency of 

78.25 mc. 

Now the interference beat frequency of 78.25 mc goes from the r-f amplifier to the regular mixer tube, 
where it beats with the r-f oscillator frequency of 103.00 mc which is being fed to the mixer as usual. The 
difference between 103.00 mc and 78.25 mc is 24.75 mc. This difference beat frequency goes from the 

mixer to the i-f amplifier system of the receiver. The frequency response of the i-f amplifier is shown by 
the curve at the right in the figure. The interference frequency at 24.75 mc is just one mc below the 
video i-f point on the response., and the interference falls right on top of the response curve, to get maxi-

mum amplification. 

This particular variety of double conversion interference usually is called inter-channel interference, 

because it is due to a signal in one channel when the receiver is tuned to a different channel. It is ap-
parent from Fig. 79-13 that the interference beat frequency which finally reaches the video i-f amplifier 

of the receiver might be of any value falling within the limits of the response curve. Working backward 
from this i-f response to the antenna we would find that any interference frequency between 178.50 and 
185.50 mc would be a possible cause of interference. Transmission in channel 8 extends from about 
180.50 to 185.75 mc, so everything except the sound in channel 8 could come through the i-f amplifier 

of our receiver tuned to channel 5, assuming a video intermediate of 25.75 mc for the receiver. 

It would appear also that the sound from channel 7 would interfere with the receiver tuned to channel 5. 
Were the receiver tuned to channel 6 there could be interference from all except the sound from channel 9 
and from all except the sound in channel 10. 

Were the video intermediate frequency of our receiver to be 45.75 mc instead of 25.75 mc there could be 
interchannel interference when tuned to channel 4 (coming from transmission on channels 7 or 8), when 
tuned to channel 5 (from channel 11), and when tuned to channel 6 (from channel 13). 

One remedy for double conversion interference of any kind is evident from examination of Fig. 79-12. 
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ig. 79-13. An example of double conversion which results in interchannel interference. 

If we operate the r-f amplifier on a straight portion of the transfer characteristic the output will be linear 
and there will be no mixing action in this tube. This could be accomplished by making the grid bias less 
negative or by increasing the plate voltage. 

The r-f grid bias often is varied by the automatic gain control system. On strong signals the age system 

makes the bias more negative, and there is likely to be double conversion and interchannel interference. 
en weak signals the agc system makes the bias less negative, and such interference becomes unlikely. 
When this kind of interference is very troublesome in a receiver having agc for the r-f amplifier, service 

technicians sometimes disconnect the r-f grid return from the agc bus and connect the return to a point 
of small fixed negative bias. If the r-f amplifier has cathode bias in addition to control from the ape sys-
tem, the grid return may be connected to ground or to B-minus, whereupon the cathode bias usually insures 
operation on a straight portion of the characteristic. When such a change is made, it is quite likely that 
the mixer and the i-f amplifier may be overloaded when strong signals are amplified by the r-f amplifier. 

OTHER TV CARRIER INTERFERENCES. Signals from transmission in an unwanted television channel 
may interfere with reception on another channel to which a receiver is tuned when the r-f oscillator of the 
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receiver produces a strong second harmonic frequency. This is a form of interchannel interference, al-

though it is not due to double conversion. 

An example is illustrated by Fig. 79-14. The receiver is tuned for reception of channel 3, in which the 
video carrier frequency is 61.25 mc. With a video intermediate of 25.75 mc the r-f oscillator must operate 
at a fundamental frequency of 87.00 mc. The second harmonic from oscillator to mixer then would be 
174.00 mc. The receiver antenna is picking up the sound carrier from channel 10, at 197.75 mc, and some 
of this carrier frequency is getting through to the mixer of the receiver. The difference between the car-
rier at 197-75 mc and the oscillator second harmonic at 174.00 mc is 23.75 mc, which is the beat frequency 
going from the mixer to the i-f amplifier. The interference beat of 23.75 mc falls on a part of the i-f re-
sponse where there is maximum gain, and the interference will go to the picture tube. 

This second harmonic interchannel interference can come from channels 8 or 9 when the receiver is 
tuned to channel 2, from channels 10 or 11 when tuned to channel 3, and from channels 12 or 13 when 
tuned to channel 4 - all this when the video intermediate of the receiver is 25.75 mc. With a video inter-
mediate of 45.75 mc this kind of interference does not exist. With the higher intermediate the r-f oscil-
lator frequency is increased by 20 mc, and the second harmonic by 40 mc. This, combined with the higher 

frequency of i-f response, throws the interference out of the response range. 

Another kind of trouble, sometimes called co-channel interference, results from reception of signals 
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Fig. 79-14. Interchannel interference resulting from a second harmonic of the r-f oscillator frequency. 
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from two television transmitters on the same channel at the same time. This can happen when the re-
ceiving antenna is located between the two stations and is so far from each as to be in the outer fringe 
area of reception. The strongest parts of the carrier signals are the sync pulses, and as a consequence 
the interference effects are caused by horizontal or vertical sync pulses, or both kinds, acting together 
in the affected receiver. 

GIf there is a slight difference between vertical sync frequencies of the two transmitters the effect will 
be a number of dark horizontal bars moving up or down on the picture tube screen. This may be called 
the Venetian blind effect. A slight difference between the two horizontal sync frequencies will cause 
one or more dark vertical bars to move from side to side on the picture tube screen. This may be called 
the windshield wiper effect. 

Still another interference effect is due to what is called airplane flutter. This occurs when the trans-
mitted signal that is being received on a direct line is also reflected from low flying planes passing over 
the receiving antenna. As a plane moves across the antenna position the phase of the reflected signal 
first adds to the total strength of received signal and then subtracts. The reproduced picture or pattern 
becomes alternately lighter and darker until the plane moves away. An effective automatic gain control 
often will almost entirely prevent this effect of airplane flutter. 

It is possible for television image response to bring in interference from f-m broadcast stations when 
the video intermediate frequency of the television receiver is 25.75 mc or in this general range. To de-
termine the possible image frequencies you would add the range of i-f response to the oscillator frequency 
for the channel to which tuned. It turns out that image responses which are within the f-m broadcast band 
may exist only when the television receiver is tuned to channels 2 or 3. 'îçith a television video inter-
mediate frequency of 45.75 mc none of the image frequencies will be ;n the f-m broadcast band. 

REMEDIES FOR INTERFERENCE. The first step in attempting to eliminate interference usually is 
to try orienting or turning the receiving antenna to some position which reduces or cuts out the inter-
ference while retaining desired signal pickup as much as possible. It may be necessary to substitute an 
antenna with a sharper directional pattern in order that orientation may be effective. Reflectors and 
directors usually help matters. Since the interference usually is weaker than desired signals it may help 
to substitute an antenna having greater gain. Then the receiver may be used with its own contrast or 

gain control at a setting low enough to cut off the interference while holding desired signals. 

The effects of noise voltages reaching the antenna are lessened by using an antenna having greater 
gain, thus obtaining a better signal to noise ratio. Stacked antennas have marked ability to cut off noise 
impulses coming from above or below a horizontal line through the antenna position. 

An unshielded transmission line may pick up any kind of interference, including all the r-f varieties. 
This pickup may be prevented by using coaxial line if the receiver is designed for 72- or 75-ohm input, 
or by using shielded twin conductor line for a 300-ohm balanced input. florizontal runs of unshielded 
transmission line should be made as short as possible, and this type of line should be twisted about 
one full turn for every foot of run, both horizontal and vertical. 

A test for transmission line pickup is made by temporarily disconnecting the line from the antenna while 
leaving it connected to the receiver. If the interference effects continue, all or most of the pickup is on 
the line rathnr than the antenna. 
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AGC 

Fig. 79-15. Interference traps connected to antenna input circuits and r-f amplifier inputs. 

A television booster or preamplifier connected between the transmission line and receiver may help to 
reduce interference. The booster increases the gain on the channel to which it and the receiver are tuned, 
and usually narrows the frequency response both above and below the range of channel frequencies. 

ANTENNA TRAPS. Many receivers are equipped with adjustably tuned resonant trap circuits connected 
to some point in the antenna input for elimination of r-f interference frequencies. A few connections are 
illustrated by Fig. 79-15. In diagram 1 there are series resonant traps from each side of the transmission 
line to ground. At 2 there is a series resonant trap from the cathode of the r-f amplifier to ground. Dia-
gram 3 shows a series resonant trap from the grid of the r-f amplifier tube to ground. Series resonant 
traps may be connected also from the mixer grid to ground,or between the two sides of a transmission line 
in order to short circuit the interference before it can go on to the r-f amplifier. In diagram 4 a parallel 
resonant trap is in series with the central conductor of a coaxial transmission line. 

Some of the antenna circuit traps have fixed ceramic or mica capacitors used with inductors tuned by 
means of an adjustable core. Other traps are made with fixed inductance and an adjustable air-dielectric 
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capacitor for tuning. Any of these traps ordinarily are mounted on the tuner or where the transmission 
line comes into the receiver. Fig. 79-16 is a picture of a double trap of the series resonant type which 
is constructed with two small ceramic fixed capacitors and two inductors having adjustable powdered iron 

cores in each. 

Any one trap or pair of traps may be tuned through a frequency range having a ratio of two or three to 
one. If a trap is to be installed in a receiver not originally fitted with one, it is necessary to know the 
interference frequency or the range of interference frequencies in order to make a suitable selection. 
Frequency ranges of antenna traps commonly available from supply houses are as follows. 

6 to 14 mc. R-f short-wave interference. 
10 to 30 mc. Short-wave, or any interference at the i-f response. 
13 to 28 mc. Same as preceding type. 
27 to 54 mc. Short-wave, and some intermediatt frequencies. 
41 to 47 mc. For the sound i-f at 41.25 and video i-f at 45.75 mc. 
54 to 108 mc. Low-band television carriers, also for f-m broadcast. 
80 to 110 mc. For f-m broadcast interference. 
108 to 216 mc. For television high-band interference. 

Fig. 79-16. A two-element antenna circuit trap of the series resonant type. 
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In our examination of television transmission frequencies which acted as interference it became evident 
that the interference usually originates from high-band frequencies, and affects receivers tuned to chan-
nels in the low band. To handle this general class of interference a trap tuned to a high-band interference 
frequency often is switched into the antenna input circuit as the tuner is changed to the low-band group 
of channels, then is switched off as the tuner is moved frcm the low-band to the high-band range. If this 
scheme is not used, and a trap is tuned to some high-band frequency, the trap must be switched off where-
ever reception is wanted from the channel in which the trap is tuned. 

Also available for installation between transmission line and antenna terminals of receivers are various 
high-pass filters. These filters consist of series capacitors and bypass inductors to ground, chosen of 
such values as to pass quite freely all frequencies above 40 or 50 mc, while cutting off all lower fre-
quencies. Thus the television carrier may go through the trap with but little attenuation, while r-f inter-

ference at lower frequencies is sharply reduced or eliminated. 

‘i5 In cases where interference is being picked up directly in the i-f amplifier, rather than coming through 
the antenna, a trap tunable to the interference frequency may be connected to the grid or plate circuit of 
the first or a following i-f amplifier tube. A trap of this kind would be similar to those used in i-f ampli-
fiers for reduction of adjacent channel video or sound interference and accompanying channel sound, 
except that the added trap would be tuned to the particular interference frequency giving trouble. This 
frequency would have to be just outside the normal pass band of the amplifier system in order to avoid 
distortion of pictures or sound. The trap should be connected to the interstage coupler that is tuned 
closest to the trap frequency in order to have maximum rejection or absorption of the interference. 

ADJUSTMENT OF ANTENNA TRAPS. An antenna trap may be adjusted for an approximately correct 
setting without the use of test instruments. At a time when the interference effect appears on the picture 
tube, adjust the fine tuning control or a continuously tunable channel selector to make the effect as bad 
as possible. If there is only a single trap element, adjust th; trap core or capacitor for minimum inter-
ference effect, then return the fine tuning or the channel selector to their usual settings. 

If there are two trap elements, as in Fig. 79-16, commence by adjusting the receiver tuning for maximum 
interference effect. Then turn both trap cores or both trap capacitors to the same or equal positions for a 
start. Next, turn the adjustment of either trap element a little ways in either direction, being sure to note 
which element is adjusted and which way it is adjusted. If this reduces the interference effect, continue 
turning the same adjustment in the same direction until there is minimum interference. If this first ad-
justment makes the interference worse, turn the core or capacitor in the opposite direction until there is 

minimum effect. 

Now adjust the other trap element one way or the other to further reduce the interference effect if pos-
sible. Leave this second element as now set, go back to the first element, and try its adjustment to see 
whether any further improvement can be made. It is necessary to work back and forth between the two trap 

elements until both are adjusted for maximum reduction of the interference. 

An antenna trap or traps may be adjusted by using an r-f signal generator which will tune to the inter-
ference frequency, and a vacuum tube voltmeter as an interference indicator. Proceed as follows. 

1. Disconnect the transmission line at the receiver and connect the output of the r-f generator to the 
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antenna terminals of the set. The output impedance of the generator leads should match the input imped-
ance of the receiver. 

2. Connect the high side lead of the VTVM through a fixed capacitor of 0.01 mf or more to the high 
side of the video detector load resistor, or to any plate or any grid in the video amplifier, or to the picture 
tube control grid or cathode, depending on which of these latter elements is used for signal input. If the 
meter is connected to a plate circuit be sure that the blocking capacitor has a high enough voltage rating. 
Set the VTVM function control for measurement of a-c voltages. 

3. Tune the signal generator to the interference frequency. Use audio modulation on the generator 
output, and set the output attenuator to deliver a strong signal. 

4. Set the receiver channel selector to the channel in which interference appears. 

5. Set the contrast control for normal reception, or else to the maximum position which would not 

cause distortion of a picture or pattern. 

6. Adjust the fine tuning control as for normal reception. 

7. Adjust a single trap element for minimum reading on the VTVNI. If there are two trap elements, 
adjust them alternately (as previously explained) until both are set for minimum reading on the vrvm. 

If an antenna trap is fitted to the receiver, but is not required for interference reduction, do not leave 
the trap at a random adjustment. This might cut the response in one or more channels. Adjust the trap 
core for minimum inductance or the trap capacitor for minimum capacitance. This should throw the reso-
nant frequency of a high-band trap out of the television range, or the resonant frequency of a low-band 
trap into the range between low and high television bands. Always check reception on all active channels 
before assuming that a trap will not cut a desired response. 

STUBS FOR INTERFERENCE TRAPS. Resonant line stubs cut from pieces of transmission line often 
are used as traps for interference at the high-band television frequencies. A stub may be cut to a half-
wavelength and shorted, as at the left in Fig. 79-17, or cut to a quarter-wavelength and left open, as at 
the right. Either of these stubs acts as a tuned series resonant circuit. When connected to the antenna 
terminals of the receiver, as illustrated, the interference frequency is short circuited through the stub and 
and is kept out of the receiver circuits. This method is most often used for double conversion interchan-
nel interference and for interference resulting from oscillator second harmonics, but may be used also for 
f-m and other high-frequency interferences. 

Vshen a half-wave shorted stub is cut for the carrier frequency of some high-band channel, for the pur-
pose of reducing interference on a low-band channel, the stub will greatly weaken or completely prevent 
reception when the receiver is tuned to the high-band channel. This reduction of the high-band signal 
may be lessened while still reducing interference on the low band by connecting a quarter-watt carbon 

resistor between the free ends of the stub instead of connecting the conductors together for a dead short. 

It is best to commence with a shorting resistor of about 150 ohms, then decrease the shorting resist-
ance if the interference is not reduced to a satisfactory degree. It may be necessary to go down to around 
50 ohms, or even as low as 20 ohms to cut out the interference. Always use the greatest shorting resist-
ance that reduces the interference effect. 
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Fig. 79-17. Connections for resonant stubs used as interference traps. 

If the interference is not at a frequency of a channel which it is desired to receive, the short should be 
made by twisting the line conductors together. This gives maximum attenuation of the interference fre-
quency. If a direct short or a low-resistance short is used for a high-band frequency it will be necessary 
to connect the stub to the antenna terminals through a small knife-type double-pole switch. This switch 
can be closed for low-band reception and opened for reception on the high-band channel for which the 

stub is cut. 

An interference stub may be made from 300-ohm twin conductor transmission line no matter what the 
type or impedance of the regular transmission line may be, and no matter what may be the input impedance 
of the receiver. The approximate length in inches for a half-wave shorted stub is found by dividing 4,900 
by the frequency in megacycles. For a quarter-wave open stub the length is found by dividing 2,450 by 
the number of megacycles. Always commence with a piece of line a few inches longer than the computed 

amount, then cut off pieces about one-quarter inch long until there is maximum reduction of the interfer— 
ence. A shorting resistor is connected after the stub length has been determined by trial. 'ftiarter-wave 
open stubs ordinarily are used only when the half-wave shorted stub would be inconveniently long, since 
the half-wave type will give better attenuation of the interference. 

'àhen installing an interference stub keep it well away from the chassis and from all other metal objects. 
[Jo not run the stub close to the transmission line. It is quite possible- that an interference stub will up-
set the impedance match between receiver and transmission line to a greater or less extent. 
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When first tracing the television signal through the receiver we progressed from the antenna to the picture 
tube grid-cathode circuit by way of the tuner, the i-f amplifier, and the video amplifier. Then we traced from 
the video amplifier through the sync and sweep sections to the deflection system for the picture tube. Now 
we shall go back and follow the sound portion of the signal as it travels the path from the sound takeoff to 
the loud speaker. 

The television sound carrier is frequency modulated. The modulated carrier is changed to a frequency-
modulated intermediate by the television tuner. Then, in a dual channel or split sound system shown at the 
top of Fig. 80-1, the i-f sound signal is taken from the tuner output or else from the first or second i-f stage 
to a separate i-f amplifier for sound. The output of this sound i-f amplifier goes to the sound demodulator, 
thence to the audio amplifier and loud speaker. In this dual channel sound system the sound intermediate 
frequency always is 4.5 mc lower than the video intermediate. For example, with a video intermediate of 
25.75 mc the sound intermediate would be 21.25 mc. 

'tà The majority of recently designed television receivers do not use split sound, but employ the intercarrier 
sound system shown at the bottom of Fig. 80-1. The sound and video intermediate frequencies travel together 
from the tuner all the way through the television i-f amplifier to the video detector. This detector is a type 
of rectifier with non-linear output. Consequently, it acts as a mixer for the two intermediate frequencies and 
the detector output contains a beat frequency equal to the difference between the two intermediates. This 
difference always must be 4.5 mc, regardless of what intermediate frequencies may be used in the receiver. 
It always is 4.5 mc because the difference between video and sound carriers in all channels is 4.5 mc, and 
the difference between video and sound intermediates must likewise be 4.5 mc. 

The 4.5-mc beat frequency in the detector output is frequency modulated with the sound or audio signals. 
Italso is amplitude modulated with the video or picture signals and with the sync pulses. The sync frequen-
cies are 15,750 cycles and6Ocycles per second. The videofrequencies extend no higher than 4.0mc. There-
fore, to pick off the 4.5-mc sound-modulated signal we need only provide a takeoff circuit tunedquite sharply 
to 4.5 mc and thus leave behind the video and sync signals with their amplitude modulation. 

The sharply tuned takeoff circuit is satisfactory because maximum frequency deviation for frequency mo-
dulation in television sound is only 25 kilocycles above and below the 4.5-mc center frequency, The sound 
signals will be carried within a frequency range between 4.475 mc and 4.525 mc, which is a deviation of 25 
kc or 0.025mc each way. To accomodate the full range of sound signals the frequency response of the take-
off and of the following sound i-f amplifier need be only a little greater than this range. You will remember 
that maximum deviation for f-m broadcast signals is 75 kc. 

Fig. 80-2 shows circuits for the portions of a dual channel sound system immediately following the mixer 
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Fig. 80-1. The dual channel or split sound system ( top) and the intercarrier sound system ( bottom). 

tube. Between the plate of the mixer and the grid of the first video i-f amplifier tube is a tuned impedance 
coupling coil. To this interstage coupling coil is coupled the sound takeoff coil. From a tap on the takeoff 
coil a lead goes to the grid of the first sound i-f amplifier. The interstage coupling coil is tuned by its own 
movable core to the frequency required for the video i-f passband. The takeoff coil is tuned by its separate 
movable core to the sound intermediate frequency, which might be 21.25 mc or 41.25 mc or whatever sound 
intermediate is used in the receiver. One style of double tuned coupler and takeoff is illustrated by Fig. 
80-3. Many other equivalent circuits are in general use. 

Fxcept for the difference between operating frequencies, the television sound i-f amplifier with a dual 
channel system is like the i-f amplifier for an f-rn broadcast receiver. There may be one or more amplifying 
stages and a limiter stage. The sound demodulator usually is a discriminator, although it could be a ratio 
detector. The output of the demodulator goes through a volume control to an audio amplifier. We are familiar 
with all these parts of the dual channel soundsystem from having studied them in connection with f-m broad-
cast receivers. 

Fig. 804 shows typical circuit connections between a video detector and a sound ratio detector for an 
intercarrier sound system. The output of the video detector goes to the grid of a video amplifier. In the plate 
circuit of the video amplifier is one winding of a sound takeoff transformer. Both windings of this trans-
former are tuned by movable cores to a frequency of 4.5 mc. Thus the takeoff transformer picks from the vi-
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deo amplifier plate circuit the 4.5-mc beat frequency which is frequency-modulated with the sound signals 
of the television program. 

The secondary winding of the inttrcarrier takeoff transformer is connected between the grid and cathode 
of a driver amplifier. The driver takes the place of tire sound i-f amplifier section of a dual channed system. 
We need only one stage of driver amplification because the signal can be brought up to any desired strength 
in the television i-f amplifying stages which are between the tuner and the video detector. The f-m output 
signal from the driver tube goes through a transformer to the sound demodulator. The demodulator usually is 
a ratio detector in intercarrier sound systems, although it could be a discriminator were an extra tube to be 
used as a limiter or were the driver operated to have limiting action. 

The sound takeoff transformer acts as a tuned parallel resonant circuit in series with the output of the 
video amplifier. The high impedance of this circuit at 4.5 mc, combined with the energy extracted at this 
frequency from the amplifier plate circuit, prevents the sound signals from going to the picture tube. Thus 
the takeoff transformer acts much like a trap for sound signals. There are no accompanying sound traps in 
the i-f amplifier of a receiver using intercarrier sound, because the sound intermediate frequencymust reach 
the video detector, where it beats with the video intermediate to produce the 4.5-mc f-m sound signal. 

It is apparent that television receiver sound sections, to and including the demodulators, are not essen-

SOUND 1-F AMP 

MIXER 

VIDEO I-F AMP 

TAKEOFF 

B+ 

Fig. 80-2. Typical circuits which immediately follow the mixer tube for a dual channel or split sound system. 
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Fig. 80,1. A sound takeoff coupler used with a dual channel sound system. 
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Fig. 80-4. Circuits between the video detector and sound demodulator for a typical intercarrier sound system. 
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daily different from i-f amplifiers and demodulators with which we became well acquainted when studying 
f-m broadcast receivers. The demodulator outputs are audio-frequency signals, no different from the audio 
signals obtained from any of the detectors used in a-m broadcast receivers. Therefore, we may proceed to 
an examination of audio amplifiers for television receivers of f-m or a-m sound receivers. 

AUDIO AMPLIFIERS. The great majority of all television receiver audio amplifiers are resistance coup-
led types. An a-f resistance coupled amplifier is like a broad-band video amplifier without the broad-band 
features. That is, if we omit from a video amplifier the special features required for low-frequencyand high-
frequency compensation the remainder will be a resistance-coupled audio amplifier of usual design and con-
struction. The elementary principles of all resistance-couf led amplifiers were covered in detail during our 
study of broad-band amplifiers. 

()Fig. 80-5 shows circuit connections for an audio amplifier of the general type used in .many television 
receivers. At the left is a ratio detector whose output goes through the usual de-emphasis circuit used for 
f-m reception and to the volume control. The slider of the volume control potentiometer is connected to the 
grid of the a-f amplifier tube. This a-f tube would be classed as a voltage amplifier, since its purpose is to 
increase the a-f amplitude rather than add power to the audio signal. 

()Between the plate of the a-f amplifier and the grid of the output amplifier tube is an ordinary resistance 
coupling, with plate load resistor Ro, coupling or blocking capacitor Cc, and grid resistor Rg. The purpose 
of the output amplifier is to produce a moderate increase of audio signal amplitude, butchiefly to add power 
to the audio signal. The power is required for operation of the loud speaker which is coupled to the plate 
circuit of the output amplifier through an iron-cored transformer. 

TONE CONTROLS. Tone control circuits are used to alter the apparent strength of certain audio frequen-
cies as reproduced by a loud speaker. Tone controls usually are designed to add apparent strength to the 
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B+ 

Fig. 80-5. Resistance coupled audio amplifier section such as used in many television receivers and f-m 
sound receivers. 
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Fig. 80-6. Tone control elements used in an audio amplifier for emphasizing low or high frequencies. 

low audio frequencies or bass notes, or they may be designed to emphasize the high audio frequencies or 
treble notes. Controls of one or both kinds are found on most f-m broadcast receivers and on a good many 
television and a-m sound receivers. 

()Atone control can add no sound frequencies that are not in the received signal, unless the added frequen-
cies were to be in the nature of distortion. A tone control can reduce the audio signal amplitude at high fre-
quencies, to leave the lows relatively stronger, or it can reduce the low-frequency amplitude to leave the 
highs relatively stronger. Also if the characteristics of the audio amplifier and loud speaker are such as to 
over-emphasize either the high or low frequencies, a tone control can help to flatten the response through-
out the audio-frequency range. 

Fig. 80-6 illustrates several methods of attenuating some frequencies and thus emphasizing other frequen-
cies. The simplest and most commonly used tone control consists of a fixed capacitor Ca in series with an 
adjustable resistor Ra, connected from a signal coupling circuit to ground or B-minus. The reactance of the 
capacitor is large at low audio frequencies and is small at the high frequencies. The impedance of Ca and 
Ra together is equal to the sum of the capacitive reactance and the resistance, and maybe varied by adjust-
ing the resistor. 

The impedance of the tone control elements is in parallel with grid resistor Rg. Consequently,varying the 
resistance atRa varies the impedance of the entire circuit across which is developed the audio inputvoltage 
for the grid of the amplifier. This signal input impedance is being varied at the same time in accordance with 
frequency by the changing reactance of capacitor Ca. 

Assuming that the audio signal voltage applied to the amplifier grid is proportional to impedance in the 
grid circuit, the action of this tone control is shown by Fig. 80-7. The graph is based on the use of 0.005 mf 
capacitance at Ca, of resistance adjustable from zero to one megohm at Ra, and of 0.470 megohm or 470K 
ohms resistance atRg. Each curve shows relative signal amplitude at frequencies from 100 to12,800cycles 
per second with the tone control resistor Ra set for a certain resistance. 

With the tone control resistor set for one megohm there is very little control effect, the amplitude is very 
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nearly the same at all frequencies. We are taking it for granted that the amplifying system has uniform gain 
at all frequencies when used without the tone control, which is not quite true, but simplifies the explana-

tion of tone control effect. 

As the tone control resistance is reduced there is greater and greater difference between the signal amp-
litudes at low and high audio frequencies. For example, with the control set at 250K ohms the amplitude at 
1,600 cycles is down to about 35 on the relative scale but is down only to about 53 at 100 cycles. With the 
control resistance at zero the relative amplitude still is about 38 at 100 cycles, but is down around 4 at 
1,600 cycles. This zero resistance curve shows the effect of capacitive reactance of capacitor Ca as this 
reactance varies with frequency. Note that the tone control always reduces the amplitude atall frequencies, 
but it provides greater reduction at high frequencies than at low frequencies. A tone control of the same 
type may be connected to a plate circuit, as shown by Cb and Rb of Fig. 80-6. 

The cathode bypass capacitor Ck of Fig. 80-6 may be chosen of such value as to attenuate the low fre-
quencies and emphasize the highs. The reactance of Ck is large at low frequencies, and it tends to force 
more of the signal current through cathode resistor Rk. The greater the signal current through Rk the great-
er is the degenerative feedback and the more the output is reduced. By using a rather small capacitance at 
Ck we may cause considerable degeneration at low frequencies, which leaves the highs emphasized. The 
reactance of Ck at the higher frequencies will drop low enough to bypass most of the signal current around 
Rk, so that there will be very little degeneration at these higher frequencies. 
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Fig. 80-7. How sound amplitudes at low and high frequencies are affected by adjustment of the most common 
type of tone control. 
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Fig. 80-8. Relations of tube voltages in a two-stage direct-coupled audio amplifier. 

The capacitance of the coupling or blocking capacitor Cc of Fig. 80-6 affects the frequency response. 
lUen this capacitance is large its reactance will be small, even at low frequencies, and it will have little 
effect at any audio frequency. If the capacitance is made smaller its reactance will rise at the low frequen-
cies. This attenuates the lows and emphasizes the highs. An adjustable tone control resistor may be con-
nected in parallel with capacitor Cc, and an additional series blocking capacitor inserted between plate and 
grid. Increasing the resistance which is in parallel with the coupling capacitor then reduces the low frequen-
cy response and emphasizes the highs. 

Tone controls are not always continuously adjustable. Many of them are operated with a selector switch 
that connects any of several tone control circuits to the amplifier. One control circuit and one switch posi-
tion may give maximumlow-frequency response, another may give fairly uniform response, and a third may 
give emphasis to the high frequencies. 

DIRECT-COUPLED AMPLIFIERS. The coupling and blocking capacitor ordinarily used betvteen the 
plate of one amplifier and the grid of a following amplifier tube may be omitted when using a direct coupled 
circuit such as illustrated in principle by Fig. 80-8. The voltages used in the example are chosen merely to 
illustrate the relations which are required. Actual voltages would depend on the type of tubes to be used. 

The grid of amplifier A is connected through resistor Rg to zero voltage or B-minus on the voltage divider 
of the power supply system. The cathode of this amplifier is connected to a point on the divider which is10 
volts positive. Consequently, this amplifier works with a 10-volt negative grid bias, and there is no current 
in Rg. 
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The plate of amplifier A is connected through resistor Ro to 160 volts on the divider. We are assuming a 
30-volt drop in Ro, which leaves 130 volts at the amplifier plate. Since this tube now is working with 130 
volts on the plate and 10 volts on the cathode, it operates with the difference or with 120 plate volts. 

The plate of amplifier A is conductively or directly connected to the grid of amplifier 13,80 the gridof am-
plifier B works at 130 volts positive. To provide 15 volts of negative bias for amplifier B we connect its 
cathode to 145 volts on the divider system, leaving the grid 15 volts negative with reference to the cathode. 

We assume that amplifier B is to be operated with 200 plate volts, which requires that the plate be at 200 
volts positive with reference to the cathode, or at 345 volts. Plate current of amplifier B goes through the 
output load resistance, in which we assume a drop of 25 volts. Adding this drop to the voltage at the amp-
lifier plate gives a total of 370 volts required from the power supply. 

To prevent undesirable resistance couplings in the voltage divider resistors it would be necessaryto use 
large decoupling capacitors for allplate and grid returns, as shown by the symbols in broken lines. Although 
an amplifier laid out in this general manner, to have direct coupling from plate to grid, will handle very low 
audio frequencies it will not amplify sudden changes of direct current without distortion. This is because of 
the varying reactances of the decoupling capacitors and of the stray and tube capacitances as the direct 
current changes its value. At the instant of each change in direct current we have the equivalentof a change 
in an alternating current, and there are response delays due to time constants of the resistances and capaci-
tances. 

Were the rectifier power supply and voltage divider system to be replaced with batteries of suitable vol-
tages, the very low internal resistances of the batteries would allow omitting the decoupling capacitors. 
Time constant delays then would practically disappear, and we would have what usually is called a direct-
current amplifier system. The changes of output current in a resistance load then would follow changes of 
d-c input voltage almost instantly. 

OUTPUT TUBES. Audio output tubes or audio power amplifiers in television, f-m, a-m, and combination 
receivers nearly always are beam power types or power pentodes. Both these types can provide power out-
puts up to two watts or even more, they have good sensitivity or good power amplification,and do not cause 
too much distortion of the audio tones. 

In transformerless receivers of all kinds the power tube heaters may be rated and operated at 12.6 volts, 
or at 25, 35, or 50 volts. The tubes may be octal, lock-in, or miniature types. When the output tube is a mi-
niature type it is common practice to have miniatures for the demodulator and a-f amplifier, although octal 
or lock-in output tubes often follow miniature tubes in the earlier stages. 

The beam power tubes which have heater ratings of 25, 35, and 50volts are designed to give satisfactory 
power outputs, up to around two watts, when used with plate voltages between 100 and 117. Some of the mi-
niature power tubes in this class are designed for maximum plate voltages of 117 or sometimes up to 135. 
The octal and lock-in types permit higher plate voltages, and when so used will provide greater power out-
puts. The beam power and power pentode tubes designed for 6.3-volt heater operation require higher plate 
voltages for normal power outputs. 

In a-m receivers and in combination fm-am sets a single output tube of any of the types mentioned is fed 
for a-m reception from a dual diode triode in which the diodes are the detector and the triode is the a-f amp-
lifier. 

In manytelevision receivers a triple-diode triode tube is used as the demodulator and a-f voltage amplifier. 
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Fig. RO-9. Moving coil cone speakers of 12-inch and 5-inch sizes. 

Fig. 80-10. A pennanent-magnet or PM cone speaker. 
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The triode section is used for the amplifier function. The diode plate that operates with a separate cathode 
is used for one section of the demodulator. The other section of the demodulator makes use of the other two 
diode plates tied together. These two diode plates operate on the same cathode as the triode. This triple-
diode triode tube is the same one used in combination fm-am sets for the three functions of a-m diode de-
tector, f-m demodulator, and a-f voltage amplifier. 

SPEAKERS. The speakers or loud speakers which are parts of all home radio and television receivers 
are of the moving coil type with a cone radiator. A 12-inch size and a 5-inch size of this type are shown by 
Fig. 80-9. Details of one of the smaller speakers, as viewed from its rear, appear in Fig. 80-10. Fig. 80-11 
is a part sectional drawing showing all the principal parts of a small permanent magnet or "PM" cone 
speaker. 

The part of the speaker that vibrates to produce sound waves in surrounding air is a cone of stiff fibre or 
paper. The conical form is adopted to obtain greatest possible rigidity. On a cylindrical extension of the 
center or apex of the cone is wound the voice coil. In this coil flow audio-frequency currents coming from the 
secondary of a speaker coupling transformer whose primary is in the plate circuit of the output tube or tubes 
of the receiver. Fig. 80-12 shows a voice coil, and part of the surrounding spider, attached to a cone. The 
ends of the coil are connected to tv.o flexible leads which may be seen coming through the cone. These 
leads are connected to terminals for the coupling transforrnm. secondary. 

The voice coil is supported, by the cone and spider, in the exact center of a cylindrical air gap wherein 
is a very strong and concentrated magnetic field. In the type of speaker being examined the magnetic field 
for the gap is produced by a permanent magnet. The magnetic circuit passes from one pole of the magnet 
throue the soft steel pot to the outside of the cylindrical air gap. From the other pole of the magnet the 
circuit is completed to the inside of the air gap through a soft steel cylindrical pole piece. 

CABINET 
OR BATTLE 

CONE 

VOICE COIL 

POLE PIECE 

POT 

DUST CAP 

t " BASKET 

SPIDER 

DUST CAP 

MAGNET 

Fig. 80-11. Airangement of parts in a typical small speaker of the PM type. 
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Fig. 80-12. The voice coil, the cone, and part of the spider from a small speaker. 

Audio-frequency currents in the voice coil produce around this coil an electromagnetic field which varies 
in strength andpolarity according to the audio signals. This field reacts with the permanent magnet field in 
the air gap to make the voice coil and attached cone vibrate at the audio frequencies of the signal. This vi-
bration sets the surrounding air into motion, or produces sound waves, at these frequencies. 

Dirt and dust are kept from the air gap by two dust caps. One, usually of thin felt, covers the center open-
ing of the cone from the front. The other, of pressed steel, covers the pole piece and air gap from the rear 
of the speaker. This rear dust cap also supports and centers the pole piece. In small speakers one end of 
the permanent magnet may be cemented to the pot, and the pole piece cemented to the other end of the mag-
net. In larger units these parts usually are swedged into recesses or may be held with screws. 

The outer edge of the cone is supported in the pressed steel basket. The center of the basket is welded, 
staked, or screwed to the pot, and the outer edge is attached to the cabinet or baffle which supports the 
speaker. The spider is a disc usually corrugated, made of paper, stiffened cloth, or thin plastic material. 
The outside of the spider is fastened to the basket and the inside is cemented to the extension of the cone. 

Sound waves from the cone, or any other sound source, travel through air at a velocity of 1,127 feet per 
second when the temperature is 70° F. One complete sound wave consists of a region in which air particles 
are compressed, followed by another region in which the particles are more widely separated than in quiet 
air. Such a wave corresponds to the positive and negative alternations composing one cycle of the sound 
signal. 

It is obvious that a forward motion of the speaker cone produces the portion of a sound wave which is a 
compression of the air. The same motion produces at the back of the cone the portion of a sound wave which 
is a separation. We call such a separation a rarefaction of the air, and say that waves consist of compres-
siors and rarefactions. If the rarefaction produced at the back of the cone gets out to the edge of the cone 
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and there meets the compression coming from the front, the two parts of the wave cancel or, at least, the 
sounds are badly distorted. 

To prevent such cancellation or distortion of sound it is necessary to provide all around the outer edges 
of the speaker a baffle which will keep the parts of the waves separated until the front wave can move away 
and be heard by listeners. In most radio and television receivers the speaker is mounted in the cabinet, 
and the walls of the cabinet act as a baffle. If the cabinet is almost completely closed, sound waves from 
the back or enclosed side of the speaker cone are unlikely to interfere with waves from the exposed side. 
Otherwise, the greater the distance through unobstructed air from the back around to the front of the cone, 
the lower will be the sound frequencies reproduced without partial cancellation. This is because low-fre-
quency sound waves are longer than high-frequency waves. A 100-cycle sound wave is11.27 feet long, while 
a 5,000-cycle wave is only about 2.7 inches long. 

Loud speaker frequency responses are typically of the forms illustrated by Fig. 80-13. That is, for equal 
input signal powers at all audio frequencies, the output sound powers will be about as shown. The two cur-
ves apply to two different speakers, both of excellent quality. The responses would not be nearly so smooth 
from one frequency to another as shown here, but would be full of short, sharp dips and rises all along their 
lengths. Always there will be a decided drop below 200 or 100 cycles, another drop above 2,000 or 3,000 
cycles, with fairly uniform response through the middle frequencies. 

At the lowest frequencies the cone remains nearly rigid, with the entire surface area vibrating like a solid 
piston. As frequency increases, the vibrations imparted to the center of the cone do not reach the outside 
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Fig. 80-13. Typical frequency responses of good quality cone speakers. 
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in full amplitude, and the cone acts as though it were of smaller diameter. At the highest frequencies the 
vibrations do not get far from the center, and the high-frequency limit is determined largely by the weight 
of the moving coil, the center of the cone, and by the stiffness of the spider. In general, the larger the dia-
meter and the stiffer the cone the better will be the reproduction of lowest sound frequencies. 

Except in a few channels, standard broadcast transmissions cannot carry audio frequencies exceeding 
5,000 cycles per second without the modulation side bands getting into adjacent channels. Also, there is 
little or no transmission of frequencies below 100 cycles. There may be a somewhat wider frequency range 
in fin broadcast transmission, also in television sound transmission. 

The average sensitivity of human hearing is maximum around 2,000 to 3,000 cycles per second, and drops 
relatively little through frequencies down to about 500 cycles. There is an almost steady drop of ear sen-
sitivity below 500 cycles and above about 4,000 cycles. If we could barely hear a sound at 2,000 cycles the 
intensity would have to be more than 50 times as great to barely hear a sound at around 100 cycles. As the 
volume control of a receiver is turned down, the low frequencies commence to disappear, while highs still 
are clearly audible. If notes of 1,000 cycles and 100 cycles have equal intensity at one volume level, and 
the intensity of both notes is dropped at the same rate, the 1,000 cycle note will remain after the lower note 
is gone. Doubtless you have noticed this effect when listening to radio; there is not a full range of musical 
tones when the volume is turned down unless the receiver has some special form of frequency response com-
pensation. 

One of the published ratings or characteristics of speakers is the maximum power in watts which they are 
designed to handle. This wattage rating must at least equal, and preferably should exceed, the maximum 
rated undistorted output of the power tube or tubes used in the receiver. These undistorted power outputs, 
in watts, are listed in tables of tube characteristics and average performances. The undistorted power rating 
does not mean complete absence of distortion, but a percentage distortion which is generally unobjectiona-
ble. A speaker of insufficient power handling ability will cause rasping and rattling sounds, and possibly 
burn-out of the voice coil or destructive vibration of the cone structure. Most receivers for home receivers 
have power ratings of 3-1/2 to 5 watts maximum, and sometimes less for small sets. 

Speakers for home receivers! usually are within the power handling limits of 2 to 12 watts and have dia-
meters between 4 and 12 inches, or are of oval shapes such as 4 by 6, 5 by 7, and 6 by 9 inches. Approxi-
mate relations between maximum power in watts and diameters of the cones are in general as follows. 

2 watts: 
3 watts: 
4 watts: 
5 watts: 
6 watts: 
8 watts: 
10 watts: 
12 watts: 

Diameter 4 inches. 
Diameter 4 or 5 inches. 
Diameter 4 to 7 inches. 
Diameter 4-1/2 to 8 inches. 
Diameter 5 to 10 inches. 
Diameter 6 to 12 inches. 
Diameter 7 to 12 inches. 
Diameter 8 to 12 inches. 

In the cataolgued or published ratings of permanent magnet speakers you nearly always will find the mag-
net weight in ounces as one of the items. The greater the weight of the magnet, with other design factors 
unchanged, the greater will be the speaker sensitivity and the longer the magnet will last. Magnet weights 
run all the way from around 3/4ounce to 5 ounces and more for speakers with power ratings of 3to 12 watts 
and cone diameters of 4 to 12 inches. A 3/4 ounce magnet might have a diameter of 11/16 inch and a length 
of about 7/16inch in Alnico V material. A 1/8ounce magnet might be 7/8inch diameter and 11/16 inch long. 
Dirr ensions for given weights will vary with requirements of the speaker design. 
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SPEAKERS WITH 'FOUND FIELDS Some radio and television speakers do not have a permanent magnet 
to furnish the constant field for the air gap but employ instead a wire winding on a core which forms the 
pole piece. Otherwise the construction is like that of PM speakers. Rectified direct current from the low-
voltage power supply of the receiver is passed through the speaker field coil. This coil ordinarily is used 
as a filter choke, sometimes as the only choke and again as a choke for a second section of the power filter. 

The ohmic resistance of a wound field coil may be almost anything between 50 and 5,000 ohms. Resis-
tances of 450, 1,000, and 1,500 ohms are common for sound radio receivers, while in television sets the 
field resistances more often are between 60 and 100 ohms. The magnetic strength depends, of course, on 
the number of ampere-turns of the winding, or on the product of d-c current in amperes and turns in the field 
coil. Catalog specifications for wound field speakers include the ohms of field winding resistance, the vol-
tage required across the field for the necessary current, ard, if used as a filter choke, the inductance in 
henries. Naturally the specifications include also the rated maximum power in watts, the cone diameter, 
and other details. 

Speakers with wound fields instead of permanent magnet fields are called electrodynamic speakers or 
electromagnetic speakers. Fig. 80-14 shows how such a speaker may be connected when its field winding 
is used as a choke for the low-voltage B power filter. 

The rectified direct current throne the speaker field winding will have some ripple voltage. This ripple 
would vary the strength of the speaker field and cause slight vibration of the speaker cone at the power rip-
ple frequency, which would be 120 cycles with a full-wave power rectifier and 60-cycle line power. To get 
rid of this effect most electromagnetic speakers are provided with a hum bucking coil connected as shown 
in the diagram. 

The hum bucking coil consists of a few turns of wire placed on the outside of, or at one end of the field 
winding, so that this coil picks up some ripple-frequency voltage. The hum bucking coil is connected in se-
ries with the speaker voice coiland the secondary of the speaker coupling transformer or output transformer. 
The connections are made in such manner that voltage from the bucking coil is in opposite phase to the ef-
fect of ripple voltage or current in the field winding, and thus the power ripple effect is cancelled out so 
far as the speaker cone vibration is concerned. 

Connections between the hum bucking coil, the voice coil, and speaker terminals for the secondary of the 
output transformer ordinarily are contained within the speaker structure, and are made to cancel hum effect 
no matter which way the transformer leads are connected to the speaker terminals. 

®141PEDANCE MATCHING. It is highly desirable that the audio power output from the final tube or tubes 
in the receiver be transferred to the voice coil and cone of the speaker and thus to sound waves with the 
least possible energy loss or distortion. This is the function of the speaker coupling transformer. There is 
maximum power transfer between any source of energy and a load only when the internal resistances or im-
pedances of source and load are equal. 

The output impedance or plate resistance of the power tube always is several thousands of ohms, while 
the impedance of the voice coil on the speaker cone is in the range of three or four ohms up to maybe thirty 
or forty ohms. The speaker coupling transformer must allow the output tube to work into a load impedance 
(the transformer primary) of 2,000 to 10,000 ohms while the voice coil is fed from a source (the transformer 
secondary) whose impedance is very close to that of the coil itself. 

The power tube " looks into" a load impedance comparable to its own internal impedance. The voice coil 
"looks into" its own impedance in the transformer secondary. Thus the unequal impedances of the tube and 
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I i;;. RO-14. Circuit connections for a speaker having a wound field and a hum bucking coil. 

the voice coil are matched. Unequal impedances may be matched with various combinations of resistors, 
with tuned circuits, with quarter- and half-wave sections of transmission line, and numerous other ways, all 
of which introduce considerable losses of energy. An impedance matching transformer will do the job with 
very little attenuation. Unless there is effective matching of impedances the actual power from the output 
tube will be far less than the norn al or rated power output for the voltages andcurrents with which the tube 
is operated. 

Hearn power tubes of types commonly used in transform erless receivers of all kinds have plate resistances 
of 10,000 to 15,000 ohrrs when operated with about 110 volts on their plates. These tubes usually are work-
ed into plate load resistances or impedances of 2,000 to 2,500 ohms, whereupon total distortion due to for-
mation of harmonics is around 10 per cent. The relatively small load resistances or impedances are permis-
sible because of the relations which exist between plate voltages and currents in beam power and power 
pentode tubes. A power triode should be worked into a plate load resistance at least equal to its plate re-
sistance, and preferably much greater. 

lieam power and power pentode tubes of the 6.3-volt heater class have plate resistances usually around 
20,000 to 70,000 ohms, and they are worked into load resistances or impedances of 5,000 to 8,000 ohms with 
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total harmonic distortion of 8 to 12 per cent. Plate resistances and desirable load resistances for typical 
operating conditions are listed in the published data for all types of output or power tubes. 

The impedance of the coupling transformer primary is very nearly proportional to the inductive reactance 
of this winding, because the ohmic resistance is so small in comparison with the reactance as to have little 
effect on impedance. Often the inductive reactance of the primary is made approximately equal to the recom-
mended plate load resistance at the lowest audio frequency for which low-frequency and middle frequency 
amplifications ar e to be nearly equal. Greater impedance in the transformer primary will raise the low-fre-
quency response. Standard types of speaker coupling transforniers used for service replacements are avail-
able with primary impedances all the way from 1,500 ohms to 15,000 ohms and higher. 

The RTMA standard voice coil impedance as measured at a frequency of 400 cycles per second is 3.2 
ohms. This impedance, or an impedance of approximately 3 to 4 ohms, is found in the voice coils of speak-
ers from the smallest sizes up to 8-inch cone diameter, and often in sizes up to 12-inch or ever greater dia-
meter. Voice coils with 400-cycle impedances of 6 to 8ohms are common in speakers having cone diameters 
of 10 inches and more, and may be used in smaller sizes. 

Voice coil impedance varies with frequency about as shown by Fig. 80-15. Impedance is minimum at 400 
cycles. It increases with drop of frequency until reaching a value which may be four to six times more than 
the minimum at what is called the bass resonant frequency, then there is a rapid drop at still lower frequen-
cies. The impedance increases rather slowly as frequency rises above 400 cycles. These variations of im-
pedance are due largely to variations of the air load or to variations of opposition of the air to being set 
into motion by the cone. 

When designing an impedance matching transformer the number of turns for the primary winding would be 
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Fig. 80-15. The manner in which voice coil impedance varies with frequency. 
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selected to provide the desired plate load impedance for the output tube. The number of turns required would 
depend on many factors, such as size and kind of core material, on closeness of coupling between the wind-
ings, on ti e operating frequencies to be considered, and so on. Then the required ratio of primary to secon-
dary impedances, for matching the tube load to the voice coil would be obtained by making the ratio of secon-
dary to primary turns equal to the square root of the ratio of voice coil impedance to the tube load resistance. 
Knowing the number of primary turns and the two impedances, the number of secondary turns would be given, 
appmximately, by this formula. 

Secondary voice coil impedance x (primary turns) 2 
turns V primary impedance 

The computed number of secondary turns will be approximate because of iron losses, copper losses, and 
other losses during energy transfer in the transformer. In matching for 2,500 ohms of plate load impedance 
to 3.2 ohms of voice coil impedance the number of secondary turns would be about 1/28 of the number of 
primary turns. 

In selecting a replacement transformer the primary impedance never should be more than lOper cent under 
the recommended load resistance for the output tube or tubes, although this impedance may he as much as 
25 per cent greater than the recommended load resistance and still have excellent performance. If a given 
transformer were designed for some certain primary and secondaryimpedances, or for a voice coil of certain 
impedance, it could be successfully used on a voice coil of greater impedance but noton one of less impe-
dance. The higher impedance voice coil would "reflect" into the primary an impedance greater than the 
rated primary impedance and the output tube would work into an impedance somewhat higher than the one 
recommended. 

Sometimes you may use what is called a universal output transformer. The primary winding is tapped at 
various numbers of turns providing impedances for two or three values of recommended tube loads, and the 
secondary is tapped for two or rr.ore voice coil impedances. Should there be no voice coil tap within about 
10 per cent of the rated voice coil impedance of the speaker, use a tap whose number of ohms is less than 
the rated voice coil impedance. This will increase the impedance reflected back into the plate circuit of 
the output tube. 
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AUDIO POWER AMPLIFIERS 

Power is required to drive or operate the speakers which produce the audible sounds from AM., FM. 
receivers, Public Address systems and etc. Therefore a power amplifier stage must be used in conjunc-

tion with the speaker in these electronic devices. Any beam power, power pentode, or triode tube de-
signed to deliver several watts of audio power is classed as a power amplifier tube. 

One method of obtaining a large power output employs two or more power tubes connected in parallel. 
Typical circuits for two paralleled tubes are shown by Fig. 81-1. The a-f voltage amplifier is a triode, 
such as might follow any detector or demodulator. The output of the voltage amplifier is resistance 

coupled to the grids of two beam power tubes by means of load resistor coupling capacitor Cc, and 
grid resistor  Rg. The plates of the two power tubes are connected together and to the primary of the 
speaker coupling transformer. The two cathodes are connected together, and to ground through cathode 
bias resistor Rk and bypass capacitor Ck. The power tube screens are connected together an,! to ii plus. 

.C)With the same grid signal voltage and with the same d-e voltages on all the elements of each paralleled 
tube as would be used on a single tube, the audio output power is proportional to the number of power 
tubes in parallel; twice the power for two tubes, three times for three tubes, and so on. The effective 
transconductance of the stage is doubled when using two paralleled tubes. The effective plate resistance 
of the two tubes is half that of one similar tube. Consequently, the load resistance or impedance for two 
paralleled tubes may be half that required for a single similar tube. 

With two paralleled tubes operated on the same d-c voltages as a single similar tube the total plate 
current is doubled, and so is the total screen current. This, of course, means a doubling of total cathode 
current. Since cathode current is doubled, the resistance for cathode bias must be only half that used on 
a single similar tube for any given bias voltage. The value required for a cathode bypass capacitor de-
pends on frequency considerations, so is not altered when the tubes are paralleled. 

Were the paralleled grids and plates connected directly to each other, one of the tubes might carry 
more of the total load than the other. Also, it is quite likely that oscillation would occur. These effects 
are prevented by connecting in series with each grid, right at the tube socket, a non-inductive resistor of 
about 100 ohms. Such resistors are marked a and a in Fig. 81-1. To further lessen possibility of unequal 
load division and oscillation, non-inductive resistors of 25 to 100 ohms may be connected to each plate,at 

the tube socket. These resistors are shown as b and b. 

INTERSTAGE AUDIO TRANSFORMERS. The power amplifiers to be examined next will be the type 
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Fig. 81-1. Parallel power tubes in an audio amplifier. 
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using two power tubes in a push-pull connection, but before proceeding it will be well to learn something 
about audio-frequency transformer couplings which sometimes are found in such amplifiers. Audio trans-
formers of the kind commonly used in receivers and many power amplifiers are rather small in size, as 
may be seen from Fig. 81-2 where a typical interstage transformer stands at the left of an ordinary power 

transformer. 

Four classes of interstage audio transformers are shown in Fig. 81-3. At 1 we have a single plate to 
single grid transformer. At 2 there is a single plate to push-pull grids type. Diagram 3 shows a type 
classed as push-pull plates to push-pull grids. At 4 is a seldom employed type classed as push-pull 
plates to single grid. Where there are two tubes on either side of the transformer the winding for that 

side is center tapped. 

There is no conductive connection between primary and secondary windings or between plate and grid 
windings of an audio transformer. Coupling is inductive, and no blocking or coupling capacitors are 
needed. In the primary winding or plate winding there is a direct plate current varying at audio frequency, 
or a direct current with an a-f component. Every increase and every decrease of primary current induces 
a corresponding emf in the secondary. This secondary emf is of one polarity when primary current in-
creases, and is of opposite polarity when primary current decreases. Therefore, the a-f component of 
priniary current induces an alternating a-f voltage in the secondary, and this a-f secondary voltage is 
applied to the grid. or grids of following tubes. The direct plate current flows only in the primary. There 
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Fig. 81-2. An ordinary interstage audio transformer compared for size with a radio power transformer. 

is no current in the secondary, but only a varying voltage, so long as the grid of the following tube re-
mains negatively biased and so long as positive peaks of signal voltage do not exceed the negative 
bias voltage. 

Ohmic resistance of the primary or plate winding in an interstage audio transformer is only a few 
hundred ohms, usually something between 200 and 1,000 ohms at most. For any given plate current the 
voltage drop in this small resistance is considerably less than in any plate load resistance used for 
resistance coupling. Then there is better regulation of é-c plate voltage than with resistance coupling. 
Also, it is possible to have any given voltage on the tube plate with a smaller voltage from the B supply. 

An iron-cored audio-frequency transformer may have a step-up turns ratio and voltage ratio between 
primary and secondary. This increases the overall voltage gain of the amplifying stage, since the gain 
of the tube is multiplied by the effective step-up ratio of the transformer. The primary to secondary or 
plate to grid step-up ratio is approximately equal to the ratio of primary to secondary turns, although it 
always is somewhat less because of energy losses in the transformer. 

@ Turns ratios and voltage ratios usually are somewhere between 1:1'/Z and 1:31/Z when there is a step-up. 
The ratio is increased by using fewer primary turns, using more secondary turns, or both. Too few pri-
mary turns will so reduce the inductance and impedance of the primary as to severely cut the low-frequency 
response. Too many secondary turns so increases the distributed capacitance of the winding that there 
may be self-resonance between capacitance and winding inductance at some frequency in the audio range. 
Such resonance causes excessive peaking of the amplification at the resonant frequency, and there is 
undesirable distortion. These are the reasons for limiting the step-up ratio when good tone quality is to 
be preserved. 
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Fig. 81-3. Types and connections of interstage coupling transformers. 

Primary inductance and resulting primary impedance must be great enough to provide a satisfactory 
load impedance for the connected tube. This tube most often is a triode for which desirable load im-
pedances, and transformer primary impedances, range from 10,000 to 15,000 ohms. The ratio of imped-
ances between primary and secondary is equal approximately to the square of the turns ratio. For example, 
with a primary to secondary turns ratio of 1 to 3 the impedance ratios will be as 1 to 9, because the 
square of 1 is 1 and the square of 3 is 9. Then, with a primary impedance of 10,000 ohms there would 
be a secondary impedance of about 90,000 ohms. 

Few interstage transformers are designed to carry more than about 10 milliamperes of d-c plate current 
in the primary. This is satisfactory because tubes connected to the primaries are voltage amplifiers, 
and require only small plate currents. Excessive primary current will so increase the steady magnetism 

or magnetic flux as to "saturate" the core iron. Then the variations of flux which induce secondary emf's 
cannot be as great as they should be in following the audio signal. There is a reduction of inductance, 
of inductive coupling, and of signal transfer from plate circuit to following grid circuit. 

Effective transfer of low-frequency signals requires maintaining a high impedance at the low frequen-
cies. high impedance or high inductive reactance at low audio frequencies requires large inductance. 
Large inductance requires a primary winding of many turns on a large core of high permeability steel. 
Consequently, if an interstage transformer is to have good low-frequency performance it must be rather 
large and costly. For a limited frequency range,such as speech only, the transformer may be smaller in 

both core size and number of turns. 
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PUSH-PULL AMPLIFICATION. Fig. 81-4 shows, in an elementary way, the connections for a stage 
of push-pull amplification employing transformer coupling. There are many good reasons for using the 
push-pull method for power amplifiers. For one thing, it greatly reduces or entirely eliminates the pro-
duction of second, fourth, and other "even order" harmonic frequencies which are troublesome in single-
tube and in parallel connected power amplifiers. There also is nearly complete cancellation of hum 
effects due to poor filtering in the B supply. With some methods of operation it becomes possible to 
obtain from a push-pull stage more than twice the power output of a single-tube stage and more than the 
output from a parallel stage using similar tubes. 

When an audio signal causes a change of plate current in the plate of the preceding a-f voltage ampli-
fier and in the primary of the push-pull transformer, a corresponding emf is induced in the center-tapped 
secondary of the transformer. Opposite ends of this secondary are connected to the grids of the push-
pull amplifier tubes. Then the grid of one tube is driven more positive (or less negative) while the grid 
of the other tube is driven more negative. There is inversion of voltage polarity between grids and 
plates, just as in all amplifiers, so the first plate becomes less positive (effectively more regative) 
while the other plate becomes more positive. :low of plate current then is increasing in the tube whose 
grid is going positive and is decreasing in Luc tube mho.se grid is going negative. Now we have changing 
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Fig. 81-4. Voltage and current variations in a push-pull audio amplifier. 
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electron flows in both halves of the center-tapped primary of the output transformer. The combined in-
ductive effects of these primary current changes act together to induce a single emf and resulting current 
in the secondary of the output transformer. 

The small graphs at the bottom of Fig. 81-4 show changes that are occurring at the same instants of 
time in grid voltages, plate currents, and plate voltages of the two push-pull tubes. Note especially the 
two plate currents, which are d-c currents with an alternating signal component. While one of these 
currents increases by any certain amount the other is decreasing by the same amount. As a result, 
total current for the two plates, taken through the B power supply, remains constant. 

The coupling between plates of push-pull amplifier tubes and the speaker voice coil always is through 
an iron-cored output transformer with center-tapped primary. The coupling between the preceding a-f 
voltage amplifier and the push-pull grids of radio and television receiver amplifiers very seldom is by 
means of an interstage transformer, nearly always it is a resistance coupling. 

The audio signal from the plate of the single a-f voltage amplifier must be made to furnish two signal 
voltages that are of opposite phase or are 180 degrees out of phase. These out-of-phase signal voltages 
are applied to the push-pull grids. The signal voltage for one of the push-pull grids may be taken from 
the plate of the a-f voltage amplifier. The opposite-phase signal voltage for the other push-pull grid is 
obtained from an inverter tube. You will find that the action of push-pull inverters of the types commonly 
used, is almost identical with that of inverters used with picture tubes of the electrostatic deflection 
type. In such picture tubes it is necessary to apply to opposite plates of a pair, two voltages which are 
of the same wave-form, of equal amplitudes, but opposite in phase. This is just what we need for the 
two grids of the push-pull tubes. 

A widely used method of phase inversion is illustrated by the circuits of Fig. 81-5. From the plate of 
the a-f voltage amplifier tube the audio signal goes through capacitor Ca to the grid of push-pull ampli-
fier A. This signal passes also through resistors Ra and Rb to ground, and through ground back to the 
cathode of the a-f voltage amplifier. Resistors Ra and Rb form a voltage divider. Resistance at Ra is 
much greater than at Rb, so that only a small part of the signal voltage appears across Rb. 

The relatively small signal voltage across divider resistor Rb is applied through capacitor Cb to the 
grid of the inverter tube. The inverter amplifies this signal voltage, and from the inverter plate the 
amplified signal voltage goes through capacitor Cc to the grid of push-pull amplifier tube B. 

The polarity or phase of signal voltage at the grid of the inverter is the same as at the plate of the a-f 
voltage amplifier and at the grid of push-pull tube A. Signal voltage is inverted between the grid and 
plate of the inverter tube. Therefore, the polarity or phase of the signal voltage applied to the grid of 
push-pull tube B is opposite to that of the signal voltage applied to the grid of push-pull tube A. 

Amplitude of audio signal voltage applied to the grid of push-pull tube B must be equal to the ampli-
tude of this signal voltage at the grid of push-pull tube A. If signal amplitude  at the inverter grid were 
to be the same as from the a-f amplifier plate and at the grid of push-pull tube A, the amplification in 
the inverter tube would increase the signal amplitude and make it much greater at the grid of push-pull 
tube B than at the grid of A. This amplification in the inverter is counteracted by a proportional reduc-
tion of signal amplitude applied to the inverter grid. 
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Fig. 81-5. Using an inverter tube and a voltage divider to furnish grid voltages to two push-pull amplifier 
tubes. 

In a typical case the voltage amplification of the inverter might be 60 times. Then the signal ampli-
tude at the inverter grid should be only 1/60 of that from the a-f amplifier plate and at the grid of push-
pull tube A. The necessary reduction of signal amplitude is provided by the voltage divider resistors lia 
and Rb. The resistance at Rb would be made 1/60 of the total resistance in ita and fa, together. 

The inverter circuits based on the voltage divider principle may be altered in many ways without 
changing the basic principle. A few variations are shown by Fig. 81-6. The a-f voltage amplifier and 

inverter functions are combined in a single twin-triode tube. The signal dropping voltage divider con-
sists of resistors ;la and lib, just as in the preceding diagram. The connection of grid resistor lic has 
been changed from ground to the junction between Ra and Rb. With this new arrangement the total arid 
resistance for amplifier A consists of Ra and Rb in serles. Total grid resistance for amplifier ii con-
sists of tic and ¡lb in series. If lie and ; lc are made equal, which is convenient for construction, both 
push-pull amplifiers will have equal grid resistances to ground. With the arrangement of Fig. 81-5 this 
equality of grid resistances to ground would require making the resistance at lic equal to the sum of the 
resistances at Ra and lib. 
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Fig. 81-6. The inverter and voltage divider principle may be utilized in various circuit combinations. 

In Fig. 81-6 there are small non-inductive resistors in series with the grids and the plates of the two 
push-pull amplifiers. These resistors are used, as with the paralleled power amplifiers, to insure equal 

division of the load and to prevent oscillation. 

An entirely different method of phase inversion is illustrated by Fig. 81-7. The grid of push-pull 
amplifier A is fed from the plate of the triode phase inverter tube. The grid of push-pull amplifier B is 
fed from the cathode of the phase inverter tube. When a signal voltage is applied to the grid of the 
triode phase inverter the polarity or phase of the signal is inverted at the plate of this tube, but it is not 

inverted at the cathode. This is a fact which we have encountered many times in various applications of 
triodes and pentodes. Here the result is application to the grids of the two push-pull amplifiers of audio 
signal voltages that are of opposite phase or polarity. 

You should note that the plate-cathode circuit for audio signals in the phase inverter tube passes 
from the plate through resistor Ro and capacitor Cd to ground, thence through ground to cathode resistor 
Rk through this resistor to the cathode, and from cathode to plate inside the tube. The load in the 
plate-cathode circuit consists chiefly of resistances at Ro and Ilk since capacitance at Cd is so great 
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B+ 

Fig. 81-7. A phase inverter delivering push-pull grid voltages from its plate and cathode. 

as to have very little reactance at audio frequencies. Resistances at Ro and Rk are made equal. Then 
signal voltages of equal amplitudes are applied to the two push-pull grids, although these signal voltages 
are of opposite phase. 

There is no voltage gain on either side of the phase inverter tube when the circuit is constructed as 
described. On the contrary there is a slight loss of signal amplitude, and signal voltage at the push-pull 

grids is slightly less than from the plate of the a-f voltage amplifier which precedes the inverter. The 
inverter tube merely replaces the interstage transformer shown in Fig. 81-4. 

In Fig. 81-8 are shown a few of the many inverter circuits used in connection with diode detectors for 
a-m sound signals. In each diagram the two leads to the grids of the two push-pull amplifier tubes are 
marked A and B. In diagram 1 the combined detector and a-f voltage amplifier is a dual diode triode 
tube. The detector circuit is of the type with which we are familiar. Voltage divider resistors are marked 
Ra and Rb as in earlier figures. The inverter tube is a dual diode triode type, but the two diode plates 
are grounded so that they take no part in the action. Oftentimes the triode section of a combination tube 
has the characteristics desired for some certain purpose, and the diodes are not needed or used. There 
is the incidental advantage that the same type of tube is used in two positions, reducing the number of 
types needed for servicing and also allowing an interchange of tubes in case the active diodes in one of 
them should give out while the triode section still functions. 

Diagram 2 shows another dual diode triode tube for detector and a-f voltage amplifier with a triode as 
the inverter. Voltage divider resistors again are marked Ra and Rb. 

In diagram 3 a dual diode triode tube is used as a combined diode detector and inverter instead of a 
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Fig. 81-8. Various ways of using push-pull inverters in connection with a-m diode detectors. 

detector and a-f amplifier. liere the a-f voltage amplifier is a separate triode, although it might be a 
dual diode triode type with the diode plates unused. Sometimes the diode plates that are not used for 
detection are employed in an automatic gain control circuit, or for any other purpose. Voltage divider 
resistors are marked lia and lib as in all other diagrams illustrating the use of a divider for the inverter 

signal. 

Diagram 4 of Fig. 81-8 shows a dual diode triode tube as the detector and a-f amplifier. The inverter 
is a triode feeding one push-pull grid from its plate and the other push-pull grid from its cathode. Re-
sistor Ilk consists of two sections. The section next to the cathode provides a voltage drop giving a 

suitable negative grid bias for the tube. The section connected to ground adds enough extra cathode 
resistance for inverter action, so that total resistance at Ilk is approximately equal to that at lia or so 
that plate and cathode signal voltages are of suitable amplitudes for the push-pull grids. 
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Average plate current, or current taken from the B power supply, and also the screen current taken 
from this supply, will be twice as great for the two tubes in a push-pull amplifier as for one similar tube 
in a single-tube amplifier. This assumes, of course, that plate and screen voltages are the same in both 
cases. Push-pull operation will give twice the audio power output of a single similar tube only when the 
amplitude of the grid signal voltage is twice that on the single tube. Parallel operation of two power 
tubes allows twice the audio power output when the grid signal voltage is the same as that applied to a 
single tube. The need for greater input signal voltage is the only operating disadvantage of push-pull 
amplifiers as compared with parallel and single tube amplifiers for power. 

Upon examining the connections to the primary winding of the output transformer used for push-pull 
amplifiers you will realize that plate currents for the two tubes flow in opposite directions in the two 
parts of the secondary which are on either side of the center tap. When there is no audio signal on the 
grids, these plate currents remain of constant value. The magnetizing effect of one plate current tends 
to produce a magnetic flux in one polarity, while the effect of the other plate current tends to produce a 
flux of opposite polarity. Actually, the two magnetizing effects cancel each other, and with no signal 
there is no flux in the transformer core. This removes the possibility of core saturation which could 
result from excessive d-c plate current, and allows using a relatively small and inexpensive output 
transformer, or allows using much greater plate currents with any size of transformer. 

If there are ripple voltages or hum voltages from the B power supply these voltages cause equal and 
opposite magnetizing effects in the two halves of the output transformer primary, if the two tubes are 
well enough matched to take equal plate currents. In any case there is a decided reduction of hum 
effects. Plate current for the push-pull tubes may be taken from a point on the power supply filter which 
is closer to the rectifier, and at which there is more ripple voltage, than at takeoff points for other ampli-
fier tubes. Any rapid fluctuations of supply line voltage which affect the power supply output voltage 
are wholly or partially compensated for by the same balancing magnetization effects that reduce hum 
voltage. If hum voltages are picked up in parts of the receiver ahead of the push-pull stage they will act 
like signal voltages and will not be reduced by any compensating action in the push-pull stage. 

Since the two push-pull tubes take twice as much plate and screen current as would a single similar 
tube with equal d-c voltages on the elements, the cathode bias resistor for the two push-pull tubes need 
be of only about half the resistance that would be used for equal grid bias voltage on a similar single 
tube. Twice the cathode current in half the resistance gives the same voltage drop and same biasing 
voltage. Biasing resistances somewhat greater than half the value for a single similar tube are often 
used in practice, but excessive bias may cause plate current cutoff on strong signals. 

Cathode resistor bypasses usually are of large capacitance, often of 10 to 20 mf. This large capaci-
tance lessens the possibility of a degenerative feedback through the biasing resistance, and preserves 
maximum amplification. If the two push-pull tubes and other circuit parts were perfectly matched, the 
changes of plate current due to audio signals would be not only opposite but exactly equal for the two 
tubes. Then there would be no variation whatever in the current taken from the power supply and in the 
current through the biasing resistor on the tube cathodes. Under such ideal conditions there would be no 
need for a cathode bypass capacitor, for there would be no audio frequency currents to be bypassed 
around the biasing resistor. Sometimes a moderate amount of degeneration may be desired for improve-
ment of tone quality. Then the cathode bypass capacitor may be omitted. 
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Recommended load resistances or impedances for two tubes in push-pull normally would be double the 
values recommended for a single similar tube operated with the same d-c voltages. Actually it is possible 
to use much smaller load resistances, possibly one and one-half times that for a single tube or even less. 
Such a reduction of load resistance or impedance allows obtaining more than twice as much audio power 
output as from a similar single power tube without excessive distortion. 

REDUCTION OF HARMONICS. When an amplifier tube is operated with a bias more negative than 
normally used, or when a signal applied to the grid is stronger than usual, the results are as shown by 
Fig. 81-9. Positive alternations of the signal voltage receive linear amplification, meaning that changes 

of plate current follow the changes of signal voltage so far as waveform is concerned. Only a small 
portion of the negative alternations of grid voltage is amplified. The remainder makes the grid so nega-
tive that plate current drops to zero. There is plate current cutoff. 

The plate current waveform and the waveform of an output signal voltage produced by changes of plate 
current will be badly distorted and quite unlike the grid signal. The distortion lies chiefly in the flattened 
negative loops of plate current. When an engineer looks at a plate current waveform of this nature he 

knows that there are strong second harmonic frequencies in addition to the fundamentals. The second 
harmonics do not exist in the grid signal voltage. They are formed in the plate circuit by working the 
tube beyond plate current cutoff. 

o 

BIAS 

SIGNAL 
ON GRID 

OUTPUT 

(*el 
PLATE CURRENT CUTOFF 

Fig. 81-9. Plate current cutoff may result from grid bias insufficiently negative or from grid signals which 
are too strong. 
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Fig. 81-10. How a second harmonic affects a combination waveform, and how push-pull operation removes 
the distortion. 

How we know that the plate current waveform with flattened negative coops means the presence of a 
second harmonic frequency is shown by Fig. 81-10. At 1 is shown or represented a fundamental frequency, 
which may be a frequency of any number of cycles per second. At 2 is represented the second harmonic 
of the fundamental frequency. The harmonic frequency is twice that of the fundamental. 

If you add algebraically the positive and negative values at many instants of time during the formation 
of fundamental and second harmonic frequencies the resulting waveform will be as at 3. When we add 
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algebraically it means adding together the two values, when both are either positive or negative. To find 
resulting positive or negative values for the combined wave, it means subtracting one value from the 

other, when they are not of the same polarity. 

Comparing the waveform at 3 in Fig. 81-10 with that of the output current in Fig. 81-9 shows that the 
two waveforms are essentially alike or, at least, that they have the same general characteristic. We 
have proved that the waveform at 3 contains a second harmonic, so we may conclude that the similar 

current waveform also contains a second harmonic. 

Both tubes in a push-pull amplifier receive the same grid signal voltages, and both operate with the 
sanie grid bias and with equal plate and screen voltages. If one tube produces a second harmonic in its 
output the other tube will do the same. Signal variations of plate currents in the two push-pull tubes are 
of opposite polarity at any given instant, and they also are 180 degrees or a half-cycle out of phase with 

each other. 

The out-of-phase variations of distorted plate currents are shown together at 4 in Fig. 81-10. The full-
line curve represents the same current as shown at 3, which might be the current in either of the push-

pull tubes. The broken-line curve shows simultaneous variations of distorted plate current in_the other 

push-pull tube. The polarities are opposite and 180 degrees out of phase. 

If you add algebraically the values in the two waveforms shown at 4 the combined values will give the 
waveform at 5. This is just the way in which values in the primary of the push-pull output transformer 
add their effects in the secondary of this transformer. The effects of second harmonic distortion have 
disappeared. Vte have now a fundamental frequency like the one at 1 of Fig. 81-10, except that the 

amplitude is much greater. 

All even harmonics would be balanced out in the plate circuits of the push-pull tubes. That is, the 

effects of second, fourth, sixth, and other alternate harmonic frequencies would disappear. 

'I'he third, fifth, and other odd harmonics do not cancel out in the push-pull plate circuit. If you wish 

graphic proof of this statement draw a set of curves similar to those of Fig. 81-10, but substitute a third 
harmonic frequency for the second harmonic at 2. The combined waveform will be distorted. The dis-
tortions will be of the same form on both sides of the zero line, or there will be " mirror" distortion. 
When the distorted currents are placed in opposite polarity and 180 degrees out of phase, then combined 

as the final steps, the distortion will remain. 

The fact that even harmonics caused by very strong grid signals are cancelled in the push-pull plate 
circuits allows push-pull amplifiers to be operated with very strong applied signals and without excessive 

distortion. Such operation will be considered in following paragraphs. 

CLASSIFICATION OF AMPLIFIERS. There is a generally recognized system or code of letters and 
numbers for specifying the manner in which amplifiers are operated. The system is simple, for it uses 
only the capital letters A, B, and C, and the numbers 1 and 2 as subscripts to the letters. The three 

letters refer to biasing and its effects; whether or not the biasing allows plate current cutoff, and when 
there is cutoff, to the portion of the signal cycle during which it may occur. The numbers refer to grid 
current. If a letter or letters are followed by the subscript number 1 it means that the grid never becomes 
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zero or positive and that there is no flow of grid current under any conditions. If the numbef% is 2 it means 

that grid current does flow during some part of each signal cycle. 

Class A operation is illustrated by Fig. 81-11. Grid bias is of such value as to bring the zero signal 
point to the approximate center of the straight portion of the characteristic curve. Signal voltage must be 
limited to an amplitude which brings the peaks onto neither the lower nor the upper bends of the character-
istic; they must not approach plate current cutoff nor plate current saturation. Because there is no cutoff, 
plate current flows at all times. Since the positive peaks of signal voltage must not overcome the nega-

tive bias, but must leave the grid appreciably negative, there is no flow of grid current at any time. 

Because there is no grid current with class A operation this method may be called class Al. The letter 
A was used alone before adoption of the subscript number system. Class A operation and class Al oper-

ation now mean the same thing. 

® When tubes are operated in this manner the waveform of output plate current and of voltage in the load 
is like the waveform of input signal voltage. Single output tubes, as distinguished from push-pull, may 

be operated only as class A or Al when distortion is to be kept reasonably low. This applies to power 
triodes, power pentodes, and beam power tubes. All three types of power tubes are also operated class A 
or Al in push-pull amplifiers where the object is to obtain more power than from a single tube and to have 
minimum distortion. Degeneration often is used with either single tubes or push-pull tubes in this oper-

ating class. 
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Fig. 81-11. Input and output signals with class A or Al operation. 
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Fig. 81-12. There is plate current cutoff with class B operation. 

Class A or AI operation utilizes B power in the plate circuits less efficiently than with any other 
operating method. This is because the average plate current and the plate current at zero signal voltage 
is of rather high value, as you can see from Fig. 81-11. In other methods of operation you will see that 
average plate current is less, because there is cutoff during parts of the signal cycles, although audio 
power output may be greater. 

The operating characteristics of push-pull power amplifiers as described earlier in this lesson will hold 
true when the amplifiers are operated class A or Al. With operation in other classes the plate currents 
in the two tubes do not remain equal and opposite at all times. Then there is not a constant current from 
the B-power supply and through cathode resistors on the tubes, and there are other differences in per-
formance. 

Were the signal voltage amplitude sufficiently increased, the positive peaks of the signal would exceed 
the negative bias and the grid would become positive during these signal peaks. Then, provided that the 
negative signal peaks did not cause plate current cutoff, we would have class A2 operation. The same 
thing could happen were the bias made somewhat less negative than for class A or Ai operation, for then 
the original signal amplitude could overcome the less negative bias to make the grid momentarily positive 
and to allow pulses of grid current. 

Class B operation is illustrated by Fig. 81-12. Bias is sufficiently negative to bring plate current 
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down almost to the cutoff point when there is no signal or zero signal voltage. The signal applied to the 
grid has much greater amplitude or swing than with class A operation. On the positive half-cycles of 

signal the amplitude more than equals the negative bias. Then, during a greater or less portion of these 
positive half cycles there is flow of grid current. Because there always is grid current it might seem as 
though this method of operation should be called B2, and probably it could be. However, there is no BI 
class (with no grid current) and so there is no need for adding the subscript number. 

During the greater portion of the negative half-cycles of grid signal the grid voltage is driven more neg-
ative than for plate current cutoff. Then the negative loops of output current are flattened off as shown 
in the figure. This flattening is like that in Fig. 81-9, and it indicates the production of second and 
other even harmonics in the plate circuit. As a consequence, class B operation is used only with power 
tubes in push-pull, which allows cancellation of the even harmonics. The push-pull tubes most often are 
triodes, though both power pentodes and beam power tubes may be operated class B. 

Class B operation allows much greater audio output power than classes A, Al, or A2 with the same 
tubes and the same consumption of B power. Class B power efficiency is greater. Heat dissipated in 
the power tubes is less in relation to audio output power because plate current flows during only a little 
more time than in the positive half-cycles of input signal voltage. The B power supply must have good 
voltage regulation, because with plate current cutoffs there is not the exact balancing of the two plate 
currents as found when plate current flows during the entire signal cycle, and current from the power 
supply varies with signal amplitude. 
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Fig. 81-13. Operation of a zero-bias class B amplifier tube. 
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There are a number of tubes especially suited for class B operation. They are designed to work with 
zero grid bias. Among these types are the 6AC5G single triode and the 6N7 and 1635 which are twin 
triodes with a single cathode. All these tubes are high-mu types, with high amplification factors and 
with closely spaced grid wires. The close spacing gives enough control of plate current so that this 
current is of only moderate value, often only 5 to 10 milliamperes, when the bias is zero and plate poten-
tial is several hundreds of volts. 

Operation with zero grid bias is illustrated by Fig. 81-13. There is plate current cutoff during a large 
part of the negative half-cycle of input signal voltage. There is grid current during the entire pesitive 
half-cycle of signal voltage. In spite of this apparently wrong method of operation a zero grid class B 
push-pull stage will deliver 10 or more watts of audio power with total harmonic distortion of only 5 to 8 
per cent. 

With class B operation we have plate current flowing for only approximately half of each signal cycle, 
and with cutoff during nearly all of the other half. With class A operation the plate current flows during 
the entire signal cycle. It is not at all necessary to go to either extreme, we may work the tube or tubes 
in such manner as to have plate current during considerably more than the positive half-cycle of signal 
voltage, yet not during the whole time. This is called class AB operation; it is in between class A and 
class B. 

One kind of class AB operation is illustrated by Fig. 81-14. The grid bias is more negative than for 
class A operation, possibly one fifth to one-third more than with the same tube operated class A or AI, 
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Fig. 81-14. hith class A131 operation there is plate current cutoff, but no grid current. 
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but it is less negative than for class B. There is plate current cutoff during part of each signal cycle, 
so class AB operation can be employed only for push-pull amplifiers where the even harmonics cancel. 
The tubes may be triodes, power pentodes, or beam power types. Smaller sizes of tubes can be used than 
with class A for equal power outputs, because the lessened time during which there is plate current re-
duces the heating and the necessary power dissipation ratings of the tubes. Each class AB push-pull 
tube may take average plate current only about two-thirds that for a single class A tube. 

In Fig. 81-14 the positive peak amplitudes of signal voltage are less than the negative bias voltage. 
The grid remains negative at all times and there is no grid current. To indicate the absence of grid 
current we call this method of operation A111. In Fig. 81-15 we still have the same type of grid biasing, 
in between that for types A and B, but the applied grid signal is strong enough that its positive peaks 
exceed the negative bias. Then the grid goes momentarily positive during these signal peaks and there 
are pulses of grid current. The presence of grid current is indicated by calling this class AB2 operation. 

here is something of importance. If you have any particular tubes working with a given bias and with 
given d-c plate and screen voltages, and apply a very weak signal to the grid of a class AB stage the 
operation actually will be class A. The weak signal will not cause either plate current cutoff or grid 
current. If signal strength increases to some extent the stage will operate class A131, for the stronger 
negative peaks of the signal will cause plate current cutoff during small parts of each signal cycle. 
Should the applied signal become still stronger its positive peaks will rise enough to overcome the grid 
bias and allow grid current. Then the stage operates as class AB2. All this happens without change of 
element voltages, only because the signal changes in strength. 
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Fig. 81-15. With class AB2 operation there is plate current cutoff, also grid current. 
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Fig. 81-16. The distorted outrun signal resulting from class C operation. 

The audio power output for from a class ALil push-pull stage can be greater than from a class A or Al 
push-pull stage, and from a class AP.2 stage it can be greater than from the class AB1 stage, always 
provided the input signal is strong enough to work the push-pull amplifier in the class considered. An 
Atli push-pull stage can deliver one and one-half to two and one-half times as much audio power as a 

single similar tube operated class A or At. Considering the same tubes operated with the same plate and 
screen voltages, a class Ali2 push-pull stage can deliver two and one-half to four times as much audio 
power as a single class A amplifier. bon't forget, however, that these big powers call for strong input 
signals. The comparison means only that the push-pull stages mentioned are capable of handling the 

strong signals and of delivering high audio powers with distortions not exceeding and usually much less 
than with the single tube. It is not a matter of signal amplification, but only of signal and power handling 

ability. 

C) Class C operation is illustrated by Fig. 81-16. The negative bias is greater than for plate current cut-
off, and when there is no grid signal there is no plate current at all. The grid signal is so strong that its 
positive peaks drive the grid far positive, even to where there is plate current saturation and a flattening 
out of the characteristic curve. This flattens the tops of plate current alternations. Plate current flows 
only in pulses, between relatively long periods of cutoff. Class C operation causes such distortion that 
it cannot be used for audio amplifiers, even with push-pull stages. This method is used for r-f oscillators 
and for r-f amplifiers in the tuned circuits of some transmitters and for a few other special applications. 

r.hen audio amplifiers are operated in any of the classes allowing plate current cutoff, the current from 
the power supply and through the tube cathodes is not constant. nen cathode bias is used with any of 

these amplifiers it is necessary to provide a large bypass capacitance to get the plate current variations 
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around the biasing resistor and prevent these variations from adding themselves to the grid voltage. 
Capacitances of 50 mf or more are common. When fixed bias is used it is necessary to allow large bleeder 
current in the bias resistors on the power supply filter system; otherwise the bias voltage will fluctuate 
with variations of signal plate current. It is necessary also that the power supply have good voltage 
regulation. This may be brought about by using a choke input filter, by using chokes having low d-c or 
ohmic resistance, and a power transformer with a low-resistance plate winding. 

DRIVER STAGES. When a push-pull stage is so operated that there is grid current the tube itself acts 
like a resistance in parallel with the input circuit. The greater the grid current the lower becomes this 
effective resistance, because more current always goes v.ith less resistance in any kind of device. Power 
is required for the grid current flow within the tube, and also through the parts of the input circuit, just 
as power is required to maintain flow of plate current or screen current. 

This grid circuit power must be furnished from the amplifier stage which precedes the push-pull stage. 
To reduce the required grip power everything in the input circuit must have the least possible resistance 
or impedance. This prohibits the use of resistance coupling and inverter circuits between a preceding 
amplifier and the push-pull stage in all except a few special applications in the A132 classification. 

The preceding tube, which must furnish power as well as signal voltage, is called a driver tube. 
Coupling to the push-pull stage is through a driver transformer. The secondary of this transformer is 
part of the push-pull grid circuit, and as such must have low impedance. The primary of this transformer 
is in the plate circuit of the driver tube, and must have enough impedance to form a reasonable load for 
this tube. This means that the driver transformer nearly always has a step-down turns ratio and voltage 
ratio from primary to secondary. 

The driver tube itself should have the lowest possible plate resistance, so that transformer primary 
impedance won't have to be too great. Suitable driver tubes include power amplifier triodes, also power 
pentodes with their plates and screens connected together to act as a triode. Unless all these precau-
tions are observed in the driver stage and transformer it is likely that there will be troublesome harmonic 
frequencies produced in the grid circuit of the push-pull stage. 
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LESSON NO. 82 

MEASUREMENTS IN AUDIO AMPLIFIERS 

During service operations on receivers of all kinds and also on separate audio amplifiers it often is 
necessary, or at least desirable, to measure the audio power output. A rather simple method of doing this 
is illustrated by Fig. 82-1. The equipment is as follows. An r-f signal generator with audio-frequency 
modulation. The modulation frequency most often is approximately 400 cycles, so measured power output 
will be at this frequency. A vacuum tube voltmeter with an a-c range of zero to 5 or zero to 10 volts. An 
ohmmeter capable of accurately measuring resistances of 3 to 15 ohms. An adjustable non-inductive re-

sistor, such as a rheostat or potentiometer, with maximum resistance of less than 20 ohms and a power 
rating at least equal to the maximum rated power output in watts of the power tube or tubes in the appar-

atus tested. 

Connections are made as in Fig. 82-1. To one of the terminals at which the output transformer second-
ary is connected to the speaker voice coil, connect one lead from the VTVM and also one end of the ad-
justable resistor. Disconnect the other voice coil lead from the other secondary terminal, and connect to 
the transformer secondary the remaining lead from the VTVM. To this same secondary terminal tack solder 
or otherwise attach a short wire which may be connected alternately to either the voice coil or the remain-
ing terminal of the adjustable resistor. Connect the r-f signal generator to the receiver antenna input in 
any way that would be suitable for alignment of the receiver. The remaining steps are: 

1. Vith the transformer secondary connected to the voice coil, and to the VTVM, turn on the receiver 
and instruments, and let them warm up. Tune the receiver to a frequency where no broadcast station is 
heard, and with the volume control at a medium setting tune the signal generator for maximum reading on 
the VTVM. Do not alter the receiver and generator tuning dial settings during the remainder of the work. 

2. Turn the volume control to maximum, note the VTVM reading, then reduce the volume for a reading 
of about 80 per cent of maximum, this to avoid distortion effects. Note the new VTVM reading very care-

fully. 

3. Change the transformer connection from the voice coil to the adjustable resistor. If you don't want 
to do this with power on, pull the plug of the receiver power cord, but do not use the on-off switch, which 

usually is on the volume control. 

4. With the receiver turned on and warm, adjust the resistor until the VTVM reads exactly the same 

voltage as in step 2. 
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MODULATED 
R - F 

GENERATOR 

Fig. 82-1. Test connections for audio output power measurement with modulated signal generator, VTVM, 
and adjustable resistor. 

5. Without touching its adjustment shaft, disconnect the resistor and measure its adjusted resistance 
with the ohmmeter. One side of the resistor may remain connected to the transformer, the voice coil, and 
the VTVM, while the other side is disconnected. The measured resistance in ohms is equal to the effec-
tive impedance of the voice coil at the audio frequency of generator modulation. Here we have, incidental-
ly, a method of measuring voice coil impedance under operating conditions. 

6. Square the number of volts measured in steps 2 and 4, which is the same number in both cases. 
Divide the result by the number of ohms measured in step 5. The quotient of this division is the power in 
watts being put into the voice coil. 

It is advisable to- make voltage and resistance measurements at several settings of the receiver volume 
control. The measured resistance, and voice coil impedance, should remain almost unchanged in all the 
tests. Otherwise you are using too high a volume setting and are getting severe distortion. 

1 vacuum wipe voltmeter should be used in preference to an a-c rectifier voltmeter or an output meter 
ch as used for output measurements during alignment of a sound receiver. These other meters have rela-

tively low sensitivity, seldom more than 1,000 ohms per volt for a-c work, and their proportionately low 
voltage readings will cause computed power to be considerably less than the actual value. Also, some a-c 
voltmeters are accurate enough at power line frequencies but not at higher audio frequencies. 

An audio-frequency signal generator may be used with connections shown in Fig. 8 2-2, instead of the 
modulated r-f signal generator. Connections for the VTVM and adjustable resistor are made as shown at 
the right in Fig. 8 2-1. The high-side lead from the audio generator may be connected to the slider of the 
volume control, at a, in the receiver or an audio amplifier. The volume control is set at its maximum point. 

Signal strength will be adjusted by the attenuator of the audio generator. If the generator is connected to 
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AUDIO GENERATOR 

SERIES 
CAPACITOR 

1:1 

-•••-• 

Fig. 82-2. Connections for measuring audio power output when using an audio-frequency signal generator. 

the top of the volume control, at b, the signal strength to the a-f amplifier grid may be regulated either by 
the generator attenuator or the volume control. If the generator is connected directly to the a-f amplifier 
grid, as at point c, there must be a series capacitor in the lead. If there is no such capacitor built into the 
generator it is necessary to use a fixed paper type of about 0.01 or 0.02 mf connected externally as shown. 

The audio power measurement is carried out with the same steps outlined for the modulated r-f genera-
tor method. The audio generator allows measurements at various frequencies. If the generator frequency 

A -C 

VTVM 

Fig. 82-3. Correct and incorrect methods of measuring audio power in the plate circuit of an amplifier 

tube. 
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is gradually reduced below 400 cycles while watching the reading of the VTVM you will find a voltage 
laic for some frequency adjustment. This is the bass resonant frequency of the speaker or voice coil. 

Power output in the plate circuit rather than in the voice coil circuit may be measured as shown at 1 in 
Fig. 82-3 provided you know the actual impedance of the output transformer primary winding at the audio 
frequency to be used. This impedance sometimes is marked on the transformer, usually for 400 cycles or 
for 1,000 cycles. Measure the a-c voltage drop across the transformer primary, square the number of volts, 
and divide the result by the number of ohms impedance. This gives the power output in watts. 

At first thought it might seem possible to measure plate circuit power output and transformer primary 

impedance with the same general method employed in Fig. 82-1, by temporarily disconnecting the primary 
and substituting an adjustable resistor, as at 2 in Fig. 82-3. This will not work out. When the resistor is 
adjusted for the same voltage drop as obtained across the transformer primary, the ohmic resistance of the 
resistor is much greater than the ohmic resistance of the primary. This greater resistance drops the plate 
voltage at the tube below its value when using the primary, and all the operating conditions are changed. 

0f. POWER OUTPUT FROV LOAD LINES. It is possible to compute the theoretical power output by draw-
ing a load line on a family of plate characteristics, then measuring plate currents and voltages at oper-
ating points on the load line. To illustrate the method we shall use the plate characteristics of Fig. 82-4, 
which apply to one section of a 6SN7 twin triode voltage amplifier. A triode voltage amplifier rather than 
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Fig. 82-4. How a load line may be used for determining power output of a triode operated as a class A or 
A1 amplifier. 
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a triode power amplifier has been selected to show how power output may be computed for any kind of 
triode, whether or not it is intended for a power amplifier. The steps are as follows. 

1. Select the plate voltage and negative grid bias to be used. These voltages must, of course, be with-
in the maximum ratings for the tube. We shall use 200 volts at the plate and a negative grid bias of 6 
volts. On the curve for the selected bias place a mark at the selected plate voltage. This allows reading 
the plate current when there is no signal; in this case it is very close to 7.5 ma. 

2. Select a plate load resistance or impedance to be used. For our example we shall use 15,000 ohms. 

3. Through the point of zero signal current determined in step 1 draw a load line for the selected load 
resistance or impedance. Methods of drawing load lines are explained in another lesson. 

Here is a rather easy way to draw a load line. Divide the load ohms .by 1,000 to determine the slope of 
the line in volts per milliampere. Dividing 15,000 by 1,000 gives 15 volts per milliampere. Now select 
any fairly high current shown on the plate current scale of the graph. We shall take 14 ma. Multiply this 
by the volts per milliampere, which, in our example, means 14 times 15, or 210 volts. Draw a line from the 
number of milliamperes ( 14) to the number of volts just determined. This is the broken line of Fig. 82-4. 

Any other line drawn parallel to this one is a load line for 15,000 ohms. Draw a parallel line through the 
point of zero signal current (found in step 1). This is the full line on Fig. 82-4, and is the load line with 

which we are to work. 

4. Select the peak-to-peak audio signal voltage to be applied to the grid. We shall use 12 volts peak-
to-peak, which will swing the grid 6 volts each way from the zero signal point Mark the ends of the swing. 
In our example they will be at the intersection of the load line with the zero grid volts curve (6 volts less 

than the bias voltage) and with the 12-volt curve (6 volts more than the bias). 

5. For the two points on the load line found in step 4 determine the two plate currents, and subtract 

one from the other to find the difference in milliamperes. 

6. For the same two points determine the two plate voltages, and subtract to find the difference or 

change of voltage. 

In our example the currents are 13.1 ma and 2.8 ma, approximately. The change of current is 10.3 ma. 
The voltages are approximately 116 and 268. The change of voltage is 152. 

7. Use the changes of current and of voltage in this formula. 

Watts = milliamperes change x volts change 
output 8000 

Watts = 10.3 x 152 = 1566 (approx.) 
8000 8000 = 0.196 watt, approximately 

output 

This output of 196 thousandths of a watt would be called 196 milliwatts output. 
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Fig. 82-5. Flow plate current values are taken from a load line for computing maximum power output of a 
single class A or A1 beam power amplifier. 

The power output computation just explained applies to a single triode tube operated as a class Aor A1 
amplifier. It is very easy to compute the approximate maximum power output for two triodes used in aclass 
A or A1 push-pull amplifier by using a family of characteristics. For an example we shall use the charac-
teristics of Fig. 82-4. 

1. Select the plate voltage and negative grid bias to be used. We shall use 200 plate volts and 6 volts 
negative bias, as for the single tube in the preceding example. 

2. lultiply the operating plate voltage by 0.6. The product of 200 and 0.6 gives 120 volts for our ex-
ample. 

3. On the curve for zero grid voltage read the plate current in milliamperes for the plate voltage found 
in step 2. This is the maximum permissible plate current, for if we go beyond zero grid bias there will be 
grid current and class A2 operation. 

1. Use the maximum plate current and the zero signal plate voltage in this formula. 

Maximum watts = maximum milliamperes x operating plate volts 
two tubes 5000 
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On the zero grid curve we read the maximum current as 13.7 ma at 120 volts. Using this current and the 
operating plate volts (200) in the formula gives, 

Maximum = 13.7 x 200 = 2740 = 0,548 watt, for two push-pull tubes. 
watts 3000 5000 

The two push-pull tubes here would be the two sections of the 6SN7 twin triode. 

Audio power output for a single power pentode or beam power tube with voltages giving class A or A1 
operation may be determined from a load line drawn on a family of plate characteristics for the tube. Be 
sure that the characteristics apply with the screen voltage actually used. There is a different set of plate 
characteristics for every different screen voltage on a pentode or beam power tube. For an example we 
shall use the characteristics of Fig. 82-5, which apply to a 35A5, 35B5, or 35L5 tube with 110 volts on the 
screen. This is the nominal voltage for both plate and screen i a transformerless receiver having no 
voltage doubler in the power supply. 

1. Select the plate voltage, screen voltage, negative grid bias, and load resistance or impedance to be 
used. We shall assume 110 volts on the plate, 110 volts on the screen, a negative bias of 6 volts, and the 
recommended load for our type of tube, which is 2,500 ohms. 

2. Draw a load line for the selected load ohms through the intersection of the selected plate voltage 
line with the curve for selected grid bias. This line is shown on Fig. 82-5. 

3. Read one plate current where the load line crosses the curve for zero grid volts. This is 80 ma. 
Read another plate current where the load line crosses the curve for a grid voltage equal to twice the bias 

voltage. This would be the 12-volt negative grid curve. Plate current would be about 23 ma. 

1. Subtract the smaller from the greater plate current and call the difference maximum 1p (plate current) 
change. Our maximum Ip  change is 57 ma. 

5. Read a third plate current on the load line at a grid voltage point equal to 0.3 times the bias volt-
age. In our example 0.3 times 6 ( volts bias) gives 1.8 grid volts. We read a plate current of about 71 ma 
where we estimate the grid voltage of 1.8 to lie on the graph. 

6. Read a fourth plate current at a..grid voltage equal to 1.7 times the bias. Here we have 1.7 times 6 
giving 10.2 grid volts. As nearly as can be estimated where this grid voltage would come along the load 
line, the plate current is approximately 30 ma. 

7. Subtract the smaller plate current found in step 6 from the larger one found in step 5. Call this dif-
ference the optimum 1p change. It is the plate current change caused by an audio signal not so strong as 
to cause total harmonic distortion in excess of 10 per cent. Out optimum 1p change is 41 ma. 

8. Multiply the optimum 1p change (from step 7) by 1.41. 

41 x 1.41 = 57.81 A value of 57.8 will be plenty close enough. 

Add the maximum 1p change (from step 4) 57.8 + 57 = 111.8 
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Fig. 82-6. How the average human ear judges the loudness resulting from increases of audio power in 

watts. 

Divide this sum by 1000. 114.8 + 1000 = 0.1148 

Square the result or quotient. 0.1148 2 = 0.0132 approximately 

9. Divide the number of ohms load resistance or impedance by 32. 

4 

3 

o 

2500 + 32 = 78.1 

10. Multiply together the final results or quotients of steps 8 and 9. 

0.0132 x 78.1 = 1.03 watts ( approximate) audio power output. 

If you wish to compute power outputs of push-pull power pentodes and beam power tubes, which usually 
are operated in classes other than A or A1, the methods can be found in any radio engineering text. 

1.5 DECIBELS. Our next subject relating to power amplifiers and to sound in general is a very useful way 
of specifying changes of either the power or the resulting sound volume. How the average human being 
judges the relative loudness of sounds when all are at the same frequency is illustrated by Fig. 82-6. The 

vertical scale represents equal increases in apparent loudness of sound, and the bottom scale is for watts 

of audio power. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 82 — Page 9 

We may commence with the loudness produced by 1 wau of audio power. Because this is our starting or 
reference point for sound volume, we shall call it zero on the loudness scale, meaning that, as yet, there 
has been no increase of the original loudness or volume. If audio power is gradually increased, our aver-
age listener won't notice the change of sound volume until àudio power gets up to about 1.25 watt at a. If 

audio power is now held at a for awhile, to let the listener get used to the sound volume, and then is in-
creased some more, there will be no perceptible change of sound volume until the power reaches about 1.6 
watt, at b. If you are the listener, and base your impression of loudness on what happens at b, there won't 
be another noticeable increase of sound until the power gets up to about 2 watts, at c. It takes a little 
greater increase of audio watts every time there is a noticeable increase in sound volume. 

Now imagine that we switch back and forth between audio powers of 1 watt and 2 watts. The average 
listener would judge the 2-watt sound to be twice as loud as the 1-watt sound, which is entirely natural 

and to be expected. But if the same average person listens for awhile to the 2-watt sound, the audio power 
would have to be raised to 4 watts, at f, in order to make the sound seem twice as loud. An increase of 1 
watt doubled the apparent loudness in the first case, but it takes an increase of 2 watts to double it again. 

In going from the 2-watt to the 4-watt sound there would be a barely noticeable increase of sound volume 
at d, with about 2.5 watts of power, another noticeable increase from d to e, where we have about 3.17 — 
watts, and a third noticeable increase from e to f, where we arrive at approximately 4 watts of audio power. 
If you listen for awhile to the 4-watt sound, the power would have to be increased all the way to 8 watts, 
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Fig. 82-7. The loudness scale may be graduated in decibels of power, relating decibels to audio power in 
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at g, for the next apparent doubling of loudness. There would be perceptible increases at the two inter-
mediate points marked on the curve. 

There are many kinds of work during which it is more convenient to make measurements in units which 
are proportional to apparent changes of sound volume, than in watts of audio power. This is true with 
measurements of audio power outputs, with intensities of audible sounds, with either gains or losses of 
power in audio amplifiers, with the effects of frequency on gain or loss of either audio power or sound 
volume, and with almost everything relating to music, speech, and other sound effects. 

Because the sensitivity of our ears becomes less and less with increases of actual ear-drum pressure 

from sound waves, the unit based on ear response avoids such immense numbers as, for example, in the 
statement that an overall gain is 3,162,000 times. We say the same thing by stating the gain is 65 deci-
bels. We don't have to say that attenuation has dropped the power to 0.000000316 of its original value, we 
say that there is a loss of 65 decibels. 

One decibel is the amount by which sound loudness or volume must be altered to cause a change barely 
noticeable by the average listener. Therefore, we may put a decibel scale on the graph of loudness versus 
audio power in watts and have Fig. 82-7. The curves on our two graphs are logarithmic. Substituting a 
logarithmic power scale for the linear scale of audio watts changes the curve to a straight line, and we 
have the more convenient graph at the left in Fig. 82-8. 
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Fig. 82-8. Logarithmic power scales allow making straight line graphs for either watts or ratios of power. 
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In all these graphs the starting point, at zero decibels, has been taken as a power of 1 watt. The use-
fulness of this whole system may be greatly extended by substituting for the various numbers of watts the 
ratios of one power to another. That is, instead of thinking of the number 2 on the power scale as meaning 
2 watts, we consider it to be 2 times any amount of power represented at 1, and we think of the number 3 
as standing for 3 times whatever power may be represented at 1. On the right-hand graph of Fig. 82-8 the 
power scale numbers are called ratios. Everything else is exactly the same as on the graph at the left. 

Now a power equal to any number of watts or to any fraction of a watt may be assigned to the figure 1 
on the power scale. Then at 2 we have 2 times as much power, at 3 we have 3 times as much, and so on. 
The power in watts assigned to the number 1 becomes our reference power or reference level of power. 
This does not upset the significance of the decibel in the least. Every change of one decibel in audio 
power still causes a change in sound loudness just noticeable to the ear. 

It is highly important to note that one decibel is not any constant amount of power. The graphs show 
that a decibel sometimes means only a small change of power, and again means a big change. We cannot 
say that one decibel equals so many watts or any certain fraction of a watt. Nor can we say that one watt 
equals so many decibels or any fraction of a decibel. The actual power in watts that corresponds to one 
decibel depends on two things, on the reference power or reference level that has been assumed, and on 
how far above or below that reference level this particular decibel happens to be. 

When you say that an audio power or a sound volume is "up" a certain number of decibels, you are say-
ing that there have been that number of noticeable changes since leaving the reference level. If the power 
or volume is "down" a certain number of decibels, there have been that number of perceptible decreases 
since leaving the reference level. There are simple means for translating numbers of decibels into equiva-
lent watts of power, but only when we know the reference level — not otherwise. 

The chart at the right in Fig. 82-8 may be extended to any degree in every direction, to show relations 
between decibels and powers which are fractions of the reference power and also relations between deci-
bels and powers which are multiples of the reference power. 

In Fig. 82-9 the power ratios have been extended down to 1/100000 or 0.00001 of the reference power, 
whatever it may be, and also up to 100,000 times the reference power. The center of this extended chart 
is at a ratio of 1 (really 1 to 1) and at zero decibels. This is the lower left-hand corner of the original 
chart in Fig. 82-8. The first "cycle" on the new chart goes up to a ratio of 10 and to plus 10 decibels, as 
at the upper right-hand corner of the original chart. 

When the power ratio goes up by 10 times anywhere on the large chart we add 10 decibels, and when the 
power ratio drops by 1/10 anywhere on the chart we subtract 10 decibels'or say that the power is 10 deci-
bels farther down. Note that the total change of power in Fig. 82-9, from a ratio of 0.00001 to a multiple 
of 100,000, is an overall ratio of 10,000,000,000 to 1. The total change of decibels, from 50 down to 50 

up, is 100 decibels. 

leC)DECIR.EL IIETERS. Many a-c voltmeters of the rectifier tyne and many vacuum tube voltmeters capable 

of measuring a-c voltages are designed for measurement of power gains and losses in decibels. The only 
difference between an a-c meter that does not measure decibels and one that does measure them is the ad-
dition to the latter type of a decibel scale on the dial. The meter itself may be the same in both cases. 
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Fig. 82-9. A chart showing relations between decibels up or down and power ratios of gain or loss may be 
extended to any degree. A change of 10 times or of 1/10 in the ratio always means a change 

of 10 decibels. 

There are also special decibel meters, usually of the rectifier type but having greater internal resis-

tances than those corresponding to 1,000 ohms per volt, which are common in a-c rectifier voltmeters. 

8240 is a picture of the dial scales on a service type volt-ohm-milliammeter. From the top down 
the scales are for ohms, for d-c volts and milliamperes, for a-c volts, and for decibels. Ile decibel scale 
is immediately below the one for a maximum of 2.5 a-c volts. The left-hand end of the decibel scale is 
marked — t. A little ways up on this scale is zero, and at the right-hand end is + 10 decibels. Under the 
decibel scale is written, " 1 llilliwatt 0 Level 600 Ohm Line." Under the decibel scales of other a-c volt-
meters you may find "6 11illiwatts 0 Level 500 Chm Line" or "6 Milliwatts 600 Ohms" or possibly other 

combinations of milliwatts and ohms. 
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Fig. 82-10. The dial of a volt-ohm-tnilliammeter with decibel scale graduated for reference level of one 

milliwatt in 600 ohms. 

The reason for these legends on the decibel scales of a-c voltmeters is that watts cannot be measured 
with a voltmeter unless you bring in the matter of resistance or impedance in ohms. When the meter pointer 
indicates a certain number of decibels it really is measuring a-c volts. If the a-c voltage being measured 
and indicated is that existing across a resistance or impedance specified on the meter, then the reading on 
the decibel scale holds good. Otherwise the decibel reading requires correction. 

If you extend a line through the zero decibel mark on the scale of Fig. 82-10 it will cross the a-c 2.5 
volts scale at very nearly 0.775 volt. This is because a drop of 0.775 a-c volt across a resistance or im-
pedance of 600 ohms means that 1 milliwatt or 0.001 watt of a-c power is being used in that load. You can 
figure this out by putting the indicated a-c voltage and the specified ohms into the usual formula for watts, 

like this. 

= volts 2 0.775 2 = 0.6 Watts = 0.001, or one milliwatt 
ohms 600 600 

Fig. 82-11 shows the dial scales on a different volt-ohm-milliammeter. Underneath the bottom scale for 
decibels is written, "6 Nlilliwatts 0 Level 500-ohm Loar. The zero point on the decibel scale is much 
higher up than in Fig. -82-10. A line drawn through the zero graduation cuts the a-c 2.5 volts scale at 1.73 
or 1.732 volts. Putting volts and ohms into the formula for watts gives, 

1.7322 = 3 = 0.006, or six milliwatts. 
500 500 
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Fig. 82-11. Ills dial scale for decibels is based on a reference level of 6 rnilliwatts in 500 ohms. 

On some service type meters the decibel scale is not marked with the reference level in watts and the 

load in ohms for which the scale is calibrated. You can determine the reference level and load ohms by 
noting the number of a-c volts indicated when the pointer is at zero on the decibel scale, thus. 

0.775 a- c volt. 1 milliwatt in 600 ohms. 

1.732 a-c volts. 6 milliwatts in 500 ohms. 

1.897 a- c volts. 6 milliwatts in 600 ohms. 

Supposing that we had an a-c voltmeter with all the usual decibel scales on one dial. Without filling in 
all the graduations for decibels the combination dial would appear as in Fig. 82-12. At the top is an a-c 
volts scale, running from zero to 10 volts. Above this scale are marked several voltages which are of im-
portance in relating the reference levels of the decibel scales, one to another. 

To begin with, imagine that the meter pointer stands at 0.775 volt. This will also he zero decibels on 
the scale whose reference level is 1 milliwatt in 600 ohms, it will be —7 decibels on the scale for 6 milli-
watts in 500 ohms, and will be —7.8 decibels on the scale for 6 milliwatts in 600 ohms. 

Next, we shall imagine the pointer standing at 1.732 a-c volts. This ts the zero point on the scale for 
6 milliwatts in 500 ohms, it is +7 decibels for 1 milliwatt in 600 ohms, and is —0.8 decibels on the scale 
for 6 milliwatts in 600 ohms. Now go on imagining that the meter pointer stands at other values of a-c 
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Fig. 82-12. Relations between readings of a-c voltage and of decibels on scales graduated for three 
different reference levels. 

volts, and compare the numbers of decibels for the same a-c voltage on the three decibel scales. You will 
discover these facts. 

® For any given voltage, decibels always are 7 greater on the I. milliwatt 600 ohm scale than on the 6 
milliwatt 500 ohm scale, and they are 7.8 higher than on the 6 milliwatt 600 ohm scale. Naturally then, for 
any given a-c voltage, the number of decibels on the 6 milliwatt 500 ohm scale is 7 less than on the 1 

milliwatt 600 ohm scale. The whole thing sums up as shown by the accompanying table, where we are 
using the standard abbreviation for decibel, which is "db". 

CONVERSION OF REFERENCE LEVELS 

Original Reference Level 
(Scale on which readings taken) 

To Convert To These Reference Levels 

1 mw in 600 ohms 6 mw in 500 ohms 6 mw in 600 ohms 

1 mw in 600 ohms 

6 mw in 500 ohms 

6 mw in 600 ohms 

Add 7 db 

Add 7.3 db 

Subtract 7 db 

Add 0.3 db 

Subtract 7.8 db 

Subtract 0.8 db 

- - •   
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Notice that additions and subtractions must be "algebraic". For instance, if you read —7.8 db on a 6 
mw 600-ohm scale and convert to 1 mw in 600 ohms, it is necessary to add 7.8 db. When you add (+) 7.8 
db to —7.8 db, the sum is 0 db. It is like having the thermometer go up 7.8° from 7.8° below zero, the final 
temperature is 0°. 

It is fortunate that most meters of recent manufacture follow the uniform practice of having decibel 
scales with calibration or graduation based on the reference level of 1 milliwau in 600 ohms. When some 
other reference level is not mentioned in discussion of amplifiers and of sound in general, it is fairly safe 
to assume this reference level. 

The next problem with reference to reading decibels as measured by a-c voltmeters is that of converting 

a reading taken across some load other than that assumed for calibration into a corrected number of deci-
bels. If you are using a meter calibrated for a 600 ohm load, and measure across the 1-ohm load of some 
speaker voice coil, the actual number of decibels will be about 21.78 more than the scale reading. 

Unless you know or can measure with fair accuracy the actual resistance or impedance across which 
your meter is connected, it is useless to attempt reading decibels of power from the meter scale. When the 
actual load impedance or resistance is known it is easy to correct the meter reading and obtain the true 
number of decibels of power as based on the milliwatts of reference level for which the meter is calibrated. 

how we determine the number of decibels to be added or subtracted from the reading on the decibel 
scale is shown by Fig. 82-13. The horizontal scales along the bottom of the graph refer to the ratio be-
tween the actual load resistance or impedance and the load for which the decibel scale is calibrated. 
There are four ratio scales. The first scale, A, goes from 1 to 10. The next one, B, goes from 10 to 100. 
Then scale C goes from 100 to 1,000, and scale D from 1,000 to 10,000. We could add any number of ad-
ditional ratio stales, since each is 10 times the preceding one at each division of the graph. There are 
four vertical scales showing numbers of decibels to be added to or subtracted from the meter reading. 

Scale A extends from zero to 10 decibels, B goes from 10 to 20 decibels, C from 20 to 30 decibels, and D 
from 30 to 10 decibels. Each scale is formed by adding 10 to every number in the preceding scale, so we 
might add any number of decibel scales to accompany added ratio scales. 

Decibel scale Ais used with ratio scale A, scales 13 are used together, and so on. To illustrate using 
the chart let's go back to the problem of using the meter across a 4-ohm voice coil when the calibration is 

for 600 ohms load. The ratio of reference ohms to actual ohms is the ratio of 600 to 4, or is 150 to 1. On 
the ratio scales across the bottom of the chart we find the ratio of 150 on scale C and follow upward into 
the graph until coming to the diagonal line. From this intersection we follow to the left into the decibel 
scales. Our ratio is on the C scale so we read decibels on the C scale. On this scale we have followed 
into the section between 21 and 22 decibels, and from the intermediate graduations on the graph it can be 
estimated that the number of decibels should be about 21.78. 

the actual load resistance is less than the meter reference load, the number of decibels taken from 

the chart must be added to the meter reading. Why we add requires only a little thought. If you measure 
any certain voltage across a relatively small resistance or impedance (4 ohms in our example) there must 
be a lot of current in that resistance or impedance to cause such a voltage drop. At least there must be 
much more current than in a greater resistance or impedance (600 ohms reference level in our example). 

Large current means large power, so the power in our actual small load must be greater than in a larger 
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RATIO BETWEEN ACTUAL LOAD AND REFERENCE LOAD 

Fig. 82-13. • This chart shows decibels to be added or subtracted with the actual load impedance or 
resistance is not the same as the number of ohms in the meter reference level. 

load. Since actual power is greater than the power indicated by the meter we must add the decibels of 
power to the meter reading. 

If you measure decibels (really a-c voltage) across a resistance or impedance greater than the reference 
value for which the meter is calibrated, then the number of decibels taken from the chart would be sub-
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tracted from the meter reading. Supposing you were to make a measurement across a plate load resistor of 
12,000 ohms with a meter whose reference level is 600 ohms. Dividing 12,000 by 600 gives the resistance 
ratio as 20 to 1 or as 20. We find this ratio on scale Bof Fig. 82-13. Following upward to the diagonal 
line, then across to scale B for decibels, we find 13 decibels. Because the actual load is greater than the 
reference level load this number of decibels must be subtracted from the meter reading. You might have a 
reading of 16 decibels. Subtra cting 13 from 16 gives 3 decibels as the actual power based on the number 
of milliwatts for which the meter is calibrated. 

Now we might go back to Fig. 82-8 and note that 3 decibels means a power ratio of very nearly 2 times. 
Assuming that the reference power level of the meter is 1 milliwatt or 0.001 watt, this ratio of 2 times 
would mean that the actual power is 2 milliwatts or 0.002 watt. For proof it would be necessary only to 
note that the meter pointer at 16 db points to about 4.89 volts on the a-c volts scale. Power in watts is 
equal to the square of the volts divided by the load ohms. The square of 4.89 is 23.91 or very nearly 24. 
Dividing 24 by 12,000 (actual load ohms) gives the power as 0.002 watt. 

Even though you never make corrections for reference levels or for the resistance or impedance across 
which the meter actually is connected, the decibel scale still is useful in comparing powers. Every time 
the reading goes up by 3 db the actual power has doubled. You won't know the actual power in watts, but 
you will know that it has been doubled. If the increase between two measurements is 6 decibels, the power 
has doubled and doubled again, so has increased 4 times. If the increase is 9 db, or three 3's, the power 
has doubled three times and is raised 2 x 2 x 2 times, or 8 times. Conversely, every drop of 3 db indicates 
a halving of the power. If the reading goes down by 6 db (two 3's) the power has been halved and halved 
again, and is 1/4 the original value. 

The final correction when reading decibels is that which compensates for the range being used. Most 
meters having decibel scales have several ranges for a-c voltage. The decibel scale applies directly only 
when the range selector is set for the range in which a-c voltages match the zero point on the decibel 
scale. This we discussed before, and made a list of a-c voltages corresponding to zero decibels for the 
various common reference levels. We may call this the reference range. Usually but not always the refer-
ence range is the lowest of all those provided. The correction is made as follows. 

1. Divide the full-scale a-c volts of whatever range you use by the full-scale volts of the reference 
range. Call the result a ratio. 

2. Look up the number of decibels corresponding to this ratio. 

3. Double the number of decibels. 

4. If the range being used is higher than the reference range, add the doubled number of decibels to the 
number indicated by the meter pointer on the decibel scale. If the range being used is lower than the refer-

ence range, subtract the doubled number of decibels. 

If you compare the chart of Fig. 82-13 with the graph at the right in Fig. 82-8 you will see that the only 
difference is more and closer graduations in Fig. 82-13. This makes it possible to use this latter chart for 
determining the number of decibels corresponding to any power ratio, or the ratio corresponding to any num-

ber of decibels. 
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Here is an example in correcting for meter range being used. Assume that the reference range is from 
zero to 2.5 volts A.C. as on the meter of Fig. 82-10, and assume that you are making measurements on the 
10 volt range of this meter. Dividing 10 by 2.5 gives the ratio as 4. Figs. 82-8 and 82-13 show that this 
ratio corresponds to 6 db. Doubling the db figure obtained from the chart gives you 12 db, which is now 
added to any reading that you now obtain on a decibel scale. Were you using the 50 volt range, the ratio 
would be 20, because 50 divided by 21/2 equals 20. A ratio of 20 (Scale B of Fig. 82-13) corresponds to 
13 db; doubling this would give you a figure of 26 db which is what you would add to the number of de-
cibels read on the decibel scale of the meter. 

GAIN MEASUREMENTS. In technical descriptions and catalog descriptions of audio amplifiers you 
nearly always find the overall gain specified as some number of decibels, possibly something like 64 db. 
96 db, or 120 db. These are power gains. If you translate them to ratios the gains appear immense. This 
is because power in fractions of a watt applied to the grid of the first amplifier is exceedingly small, while 
power applied at the speaker may be many watts. The voltage gain, were input and output impedEInces 
equal, would be only the square root of the ratio of power gain. For example, a power gain in the ratio of 
one million to one would correspond to a voltage gain, between equal impedances, of one thousand to one. 

The method of measuring the power gain of an amplifier is, in brief, as follows. 

1. Measure the number of decibels at the amplifier input. Practically always this will be a minus num-
ber, a great many decibels below the reference level. 

2. Measure the output power in decibels. This should.be a plus number, above the reference level. 

a. If it is necessary to change meter ranges between input and output measurements, make the neces-
sary correction for this change. 

4. The input and output resistances or impedances will be different. Determine the ratio of input to 
output resistance or impedance and make the necessary correction for this ratio. 

5. The difference ( algebraic) between corrected input and output decibels is the gain of the amplifier 
at the frequency used for testing. 

VOLUME 
OR GAIN 
CONTROL 

Fig. 82-14. It is necessary to carefully consider the input circuit when measuring amplifier gain. 
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In practice it is advisable to connect the decibel meter, usually your VTVM, to the output for a start. 
Vary the strength of input signal, from an audio generator, to note the setting at which output ceases to 
rise and begins to drop back. Use an input that gives an output somewhat less than the peak, in order to 
avoid distortion and excessive noise effect. The meter is not "frequency selective", and is indicating 
total output power, which includes the amplified tube and circuit noises. These could be as great or even 
greater than the signal output. 

Assume that you are making measurements on the amplifier whose input and output stages are as shown 
by Fig. 82-14. First, make sure that the input signal really is applied across the resistance or impedance 
which you intend to use, or across one that can be measured. If you apply the signal to the regular input 
terminal this signal acts through the entire volume control resistance to ground, and the input resistance 
is practically that of the whole volume control, neglecting any reactance at Cc. But the volume control 
slider might be anywhere. The actual input to the grid would be only that through the volume control from 
the slider to ground, yet the generator still would work into the total resistance or impedance from the in-
put terminal to ground. The slider must be set for maximum volume or gain if you assume this total input 
resistance or impedance. 

It would be better to adjust the control slider for some certain resistance between it and ground by using 
an ohmmeter. Then connect the input lead from the generator to the slider, and you know the resistance 
actually used for input. 

In order to keep the output power below a value at which there is severe overloading of the amplifier it 
is necessary to apply a very small input signal. This signal ordinarily is so small that it cannot be meas-
ured accurately on the decibel scale of the usual type of service meter. One way to get around this diffi-
culty is to use a resistance voltage divider across the' audio generator output and take some known fraction 
of the total voltage as an input for the amplifier. Then it becomes possible to measure total generator out-
put with the meter, using points on the scale where reasonable accuracy is possible. 

If 1/10 of the total generator voltage is applied to the amplifier output, and if the meter is used to 
measure decibels across the entire voltage divider, you must subtract 20 decibels from the meter reading 
to determine the decibels of input to the amplifier. For example, if the meter connected across the entire 
divider indicates + 15 db, and 1/10 of the total generator voltage is being applied to the amplifier input, 
this input is —5 db. This is because subtracting 20 db from 15 db brings us down to 5 db below the zero 
level, or to —5 db. 

If your gain measurements do not exactly match the manufacturer's claims for the amplifier, remember 
that broad tolerances are allowable. 
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When you stop to think about it, the greater part of all our work in télevision and radio servicing is 
concerned with the variations of voltages and currents called signals. We deal with little else than signal 
variations of voltages and current all the way from the antenna until sound comes from the speaker and 
pictures form on the picture tube. If all the signal strengths, polarities, and waveforms remain exactly 
right there is no trouble and no need for service. If any of them go wrong there is a faulty picture or 
distorted sound. 

(-) In earlier lessons we have looked at many diagrams representing the variations or alternations of volt-
ages and currents which are signals and control pulses. Sometimes the signals and pulses were shown by 
photographs of traces formed on the screen of an oscilloscope. The oscilloscope, or oscillograph, is the 
only instrument which lets you see the voltage variations as they occur, and lets you watch the effect of 
every service adjustment as you alter its setting. The oscilloscope allows watching a sound signal all 
the way from the antenna to the voice coil of the speaker. It allows watching a television signal and 
everything that happens to it from the time the signal is formed at the antenna until it arrives at the grid 
circuit and the deflection system of the picture tube. 

On the oscillograph pictured by Fig. 83-1 appears the face of a cathode-ray tube which, in every struc-
tural detail, is like a picture tube of the electrostatic deflection type. On the panel are controls for 
brightness, focusing, width, height, centering, frequency selection, and synchronizing. We have what 
amounts to a television set for looking at signals in action, rather than at scenery and human beings 
in action. 

As at the left in Fig. 83-2, the oscilloscope will show something so simple as the alternating voltage 
wave from a 60-cycle power line, or, as at the right, it will show a wave having severe distortion caused 
by too little plate voltage on an audio amplifier tube. We may look at the horizontal sync pulses and the 
intervening active lines of a television signal, as at the left in Fig. 83-3. At the right the oscilloscope 
is displaying the frequency response of a television sound demodulator. 

In a picture tube the electron beam is moved continually from side to side and vertically to cover a 
rectangular area with the luminous raster. Image lights and shadows are formed by varying the control 
grid voltage and beam intensity. This method of tracing is not used in the oscilloscope tube. 

Traces are formed on the face or screen of the oscilloscope tube as shown by Fig. 83-4. The beam is 
swept continually in a horizontal direction, as in diagram 1, by applying a sawtooth voltage to the hori-
zontal deflection plates. The sawtooth voltage sweeps the beam at moderate velocity from left to right, 
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Fig. 83-1. The front panel controls and CRT face of a Du Mont oscillograph. 

then returns the beam to the left at very high velocity. Thus we have a horizontal trace and retrace, just 

as in a picture tube. 

Should there be no potential difference between the horizontal deflection plates while an alternating 
voltage is applied to the vertical plates, as in diagram 2 the beam will move up and down to form a verti-

cal trace line on the screen. 

In diagram 3 the beam is being swept horizontally by the sawtooth voltage, and during the early part 
of the horizontal sweep the upper vertical plate is made momentarily positive with reference to the lower 
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Fig. 83-2. A trace showing a single sine-wave cycle (left) and one showing distortion in an audio-

frequency voltage (right). 

Fig. 83-3. Horizontal blanking and sync pulses of a television signal (left) and crossed S-curves from a 

ratio detector (right). 
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Fig. 83-4. how traces are formed on the screen of the oscilloscope tube. 

plate. Then the beam moves upward and back again during its horizontal travel If, as in diagram 4, the 
lower plate of the vertical pair is made momentarily positive with reference to the upper plate, the beam 

will move down•and back again during its horizontal travel. 

In diagram 5 the voltage applied to the vertical deflection plates during one horizontal sweep of the 
beam is alternating in polarity. The beam moves up, returns to its zero position, goes on down, and 
again returns to zero. Thus we have a true picture of the a-c voltage acting on the vertical plates. 

Should there be exactly two a-c voltage cycles during the time of one horizontal sweep of the electron 
beam, as in diagram 6, the two cycles will appear on the screen of the oscilloscope tube. It is important 
that you realize just how this comes about. To have two cycles on the screen, the frequency of the ap-
plied a-c voltage must be double the horizontal sweep frequency. If the sweep frequency were to remain 
constant between diagrams 5 and 6 it would be necessary to double the frequency of the applied a-c 

voltage. 
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Ordinarily it is inconvenient or impossible to alter the frequency of applied voltage, for in examining 
any certain voltage we do not wish to alter it in any way. Then we may bring two cycles onto the os-
cilloscope screen by making the horizontal sweep period longer than before, by making this period as 
long as two cycles of the applied voltage. This means reducing the sweep frequency to one-half the 
value required for obseevation of one cycle, or making the sweep frequency half that of the applied a-c 
voltage. If the horizontal sweep frequency is made one-third that of the a-c voltage on the vertical de-
flection plates it will bring three a-c cycles onto the oscilloscope screen, as in diagram 7. Any other 
number of a-c cycles may be displayed on the screen by suitable adjustment of the sweep frequency. 

Inasmuch as a reduction of sweep frequency brings more and more a-c cycles onto the oscilloscope 
screen, an increase of sweep frequency might be expected to bring a half-cycle or any other fraction of a 
cycle into view. This is correct, but the results seldom are of any practical use for the reason illustrated 
by diagram 8 of Fig. 83-4. Assuming that the frequency is twice that of the applied frequency, there will 
be one complete horizontal sweep of the beam during the time of a half-cycle, and a second complete 
horizontal sweep during the next half cycle. Due to persistence in the phosphor of the screen and in your 
eyes, the positive and negative half cycles will appear together. But they will appear as in diagram 9 
or in some other relation to each other. A sweep frequency still higher would bring three, four, or more 

partial cycles onto the screen at the same time, and the resulting pattern would be confusing rather than 

helpful. 

Fig. 83-5 shows the relations between the principal parts of a typical service type oscilloscope. At 
the upper right is the cathode-ray tube, whose name commonly is abbreviated to CRT. There is a low-
voltage power supply for plates, screens, grid biasing, and heaters of the amplifier and oscillator tubes. 
For the elements and deflection plates of the CRT there is a high-voltage power supply. In the voltage 
divider system connected across the high-voltage supply are vertical and horizontal centering controls, 
a focus control, and an intensity control. The centering controls are of the same design used for elec-

trostatic picture tubes. The slider of the focus control goes to the focusing anode or grid of the CRT. 
The intensity control takes the place of a brightness control for a picture tube, its slider going to the 
control grid of the CRT to vary the grid voltage, beam intensity, and brightness of the trace formed on 

the tube screen. 

On the left-hand side of the diagram are three pairs of terminals for feeding various voltages into the 

oscilloscope circuits. The top pair is marked "Vertical Input", the next pair "External Sync", and the 
bottom pair " Horizontal Input". Each pair consists of one insulated terminal and one grounded terminal. 
Let's assume that a voltage to be observed is connected to the vertical input. In series with the insu-
lated lead is a blocking capacitor which prevents any d-c component of the observed voltage from entering 
the scope circuits. Then comes an adjustable potentiometer marked " Vertical Gain Control". This 

control often is marked "Vertical Attenuator". It regulates the strength of observed voltage fed to the 

vertical amplifier. 

The slider of the vertical gain control feeds into the vertical amplifier. This amplifier is much like 
the vertical amplifier for an electrostatic picture tube, but it amplifies the observed signal voltage rather 
than amplifying the output of a vertical sawtooth oscillator. The vertical amplifier ordinarily includes a 
phase inverter circuit for feeding two voltages of equal amplitude and opposite polarities to the vertical 

deflection plates of the CRT. 
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Fig. 83-5. Relations between the principal parts of a typical service oscilloscope. 

The sweep oscillator produces the sawtooth voltage for horizontal deflection or sweep of the beam in 
the CRT. Not shown in the diagram, but to be discussed later, are adjustments for varying the sweep 

frequency of this oscillator over a very wide range. After these adjustments are set for approximately the 
desired sweep frequency, the oscillator must be held in exact synchronization with that desired frequency. 
A synchronizing voltage comes into the sweep oscillator through the "Sync Amplitude" control, which is 

simply a potentiometer for regulating the strength of sync voltage. 

The sync amplitude control is fed from the " Sync Selector" switch. % ith this switch in the position 
shown, the sync voltage for the sweep oscillator is being taken from the vertical amplifier. A small por-

tion of the amplified voltage to be observed is thus used for holding the sweep frequency at some exact 
fraction of the frequency of the observed voltage. The need for doing this was explained in connection 

with Fig. 83-4. 

For some tests it is desirable to synchronize the sweep frequency with some voltage other than that 
being applied at the vertical input terminals, or it may be desirable to synchronize from a direct connec-

tion to the source of voltage being observed. Then the sync selector is set to connect the sweep oscil-
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lator to the external sync terminal. This terminal is connected to whatever voltage is to be used for 
synchronizing. 

For still other tests it is necessary to synchronize the sweep frequency at exactly 60 cycles, which is 
accomplished by setting the sync selector on the 60-cycle position. The 60-cycle source commonly is 
the 6.3-volt or 12.6-volt heater circuit for the amplifier and oscillator tubes of the scope, or this sync 
voltage may be taken in any other way from the power transformer or power line. For this reason the 
60-cycle sync position often is marked "Line". 

The synchronized output of the sweep oscillator goes to the "Horizontal Selector" switch in the dia-
gram of Fig. 83-5. With this switch in the "sweep" position, the sawtooth sweep voltage goes through 
the " Horizontal Gain" control to the input of the horizontal amplifier. This gain control acts for the 
horizontal amplifier as does the vertical gain control for the vertical amplifier. The horizontal amplifier 
usually is similar to the vertical amplifier, containing a phase inverter circuit for feeding two sawtooth 

voltages of opposite polarity to the horizontal deflection plates of the CRT. 

There are many important applications of the oscilloscope in which a sawtooth horizontal sweep volt-
age cannot be used. Then the horizontal selector switch is set at its "ext." position, which connects 
the horizontal amplifier through its gain control and a blocking capacitor to the horizontal input terminals. 
Then any alternating voltage which is to control horizontal deflection of the CRT beam may be connected 
to the horizontal input terminals. The sync selector and the horizontal selector may be combined in a 
single switch. 

Cathode-ray tubes for oscilloscopes usually have screen diameters of three, five, or seven inches, 
although smaller or larger sizes are used for instruments serving special purposes. 

The tubes used in service oscilloscopes most often have phosphor number one (P-1), for the screen 
coating. This phosphor produces a green trace of medium persistence. It is easily visible in a normally 
lighted room, having a decided contrast with either daylight, incandescent light, or fluorescent light 

which reaches the screen in moderate intensity. 

Among the special-purpose phosphors are the following. Number two, (P-2) giving a blue-green trace of 
long persistence, lasting five to 100 seconds to allow observation of very low frequencies and"transients" 
which occur between long intervals. Numbers five and eleven, both of which give a blue trace of short 
persistence well suited to high speed photography such as practiced with moving film. Number eleven 
may be used also for visual observation. Phosphor number seven produces a greenish-yellow trace with 
persistence so long that it may be observed for several minutes after the beam passes provided the sur-
rounding illumination is not too bright. This phosphor is used similarly to number two, also for radar 
indicators. 

Fig. 83-6 is a picture of the inside of an oscillograph. The cathode-ray tube, from its front face all 
the way back to the base, is enclosed within a grounded metal shield as a protection against stray elec-
trostatic fields which would affect deflection of the electron beam. The cirr shield is made of high 
permeability iron or steel to provide a magnetic shield against electromagnetic fields from power trans-
formers, filter chokes and other parts carrying power line freq. Such a shield must be completely de-

magnetized, and kept so. If you should bring a permanent magnet near an iron or steel shield, and thus 
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Fig. 83-6. A Du Mont oscillograph with its housing removed. 

magnetize the shield metal, the traces formed thereafter will have a permanent "set" toward the right, 
left, top, or bottom of the screen. 

SWEEP OSCILLATORS. The elementary circuit of a horizontal sweep oscillator such as used in a 
number of service oscilloscopes is shown at the top of Fig. 83-7. As you may readily see, the oscil-
lator is a cathode coupled multivibrator which operates in exactly the same way as this type of multi-
vibrator when employed in television sweep oscillator systems. The grid of the input triode A receives 
the sync voltage in the oscilloscope, and the sync pulses in the television receiver. The plate of A is 
coupled to the grid of triode B through capacitor Cc. The free running frequency of the oscillator may be 
adjusted within a moderate range by the "Vernier Frequency Control" marked Rf, which corresponds to 
the hold control in a television oscillator. 
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The sawtooth capacitor Cs charges from the B supply through resistors Rs, with the charge voltage 
gradually increasing on the capacitor to form the long slope of the sawtooth voltage wave which deflects 
the beam from left to right in the CRT. The sawtooth capacitor discharges through section Bof the multi-
vibrator, just as in a television sweep oscillator system, to form the sharp drop of voltage during retrace 

of the electron beam. 

One method of providing the very great range of sweep frequencies required in the oscilloscope is 
shown at the bottom of Fig. 83-7. The multivibrator is the same as in the upper diagram. The grid of 
section A is fed from the sync selector switch of Fig. 63-5. The single sawtooth capacitor Cs and single 
coupling capacitor Cc of the simplified upper diagram are replaced by a group of six fixed capacitors 
lettered from a through f. Various combinations of these capacitors are brought into the oscillator circuit 
by moving the two rotors of the range selector switch. AS shown in the diagram, the two contacts of the 
upper rotor connects to the upper terminals of capacitors a andj , while the lower terminals of these two 
capacitors are connected by the two contacts of the lower rotor of the switch. The two contacts on each 

rotor, and the two rotors, move back and forth together. 

By tracing the connections, and comparing the upper and lower diagrams, you will see that range capaci-
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Fig. 83-7. Typical circuits for a multivibrator sweep oscillator. 
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tor a is now the sawtooth capacitor, being connected between the plate of triode Band ground. Capacitor 
b is now the coupling capacitor, being connected between the plate of triode A and the grid of triode B. 
The capacitances become progressively smaller from a to f. Typical values might be: a 0.5 mf. b 0.1mf. 

c 0.02 mf. d 0.004 mf. e 750 mmf. f 100 mmf. 

As the range selector switch is moved, its two rotors will next make contact with capacitors b and c, 

with b acting as the sawtooth capacitor and c as the coupling capacitor. Since the sawtooth capacitance 
now is only one- fifth as great as in the first switch position, the sweep frequency will be proportionately 
higher. In its next position the range switch will bring in capacitors c and d then d and e and finally 
e and f, to make the sweep frequency higher and higher. Capacitor f never becomes the sawtooth capaci-
tor, it is used only as the coupling capacitor for the highest frequency. 

With the range switch in any one position the sweep frequency may be varied within limits by adjust-

ment of the vernier frequency control Ri. This control and the charging resistance Rs, are sometimes 
operated together, they consist of a dual potentiometer. With the range switch in its first position the 
vernier control might allow adjusting the sweep frequency from something like 15 cycles to 80 cycles, in 
the next position the range might be from 70 to 350 cycles, and so on until reaching a maximum frequency 
of possibly 30,000 cycles at the top of the highest range. In many oscilloscopes using this general. type 

of sweep oscillator the maximum sweep frequency is 60,000 cycles or even higher. 

The multivibrator sweep oscillator employs a vacuum tube, usually a twin-triode. In a large number of 
oscilloscopes the oscillator tube is a thyratron, which is a three element gaseous tube having a cathode, 
a control grid, and a plate or anode. During manufacture of the thyratron, the envelope or bulb is first 
thoroughly evacuated, as in the making of a vacuum tube, and then there is admitted to the bulb a very 
small quantity of some gas such as argon, helium, neon, xenon, or a mixture. This makes what is called 
a gaseous tube. 

In any gaseous tube there occurs the process of ionization, which is explained as follows. The atoms 
of gas within the tube envelope are normally neutral, each one with enough negative electrons to balance 

its positive charge. When electrons emitted from the cathode are drawn to the positive plate at high velo-
city, these electrons strike the gas atoms with enough force to knock one or more negative electrons out of 
each atom suffering a collision. The additional negative electrons thus freed from the atoms proceed to 

the positive plate. The atoms which have lost one or more of their negative electrons are now positively 
charged, and are called positive ions. The positive ions go toward the relatively negative cathode, there 
to pick up negative electrons from the space charge which is most dense near the cathode. This means 
that the negative space charge is lessened. Since the rate of emission from the cathode has been hereto-
fore limited chiefly by the repelling effect of the negative space charge, there is. now a tremendous in-
crease in the rate of emission. This means than an immense additional quantity of electrons can flow 
from cathode to plate, and the effective internal resistance or plate resistance of the tube drops to only 

a few ohms. 

In actual operation of the gaseous triode or thyratron the grid is made negative with reference to the 
cathode. The negative grid holds back the electron flow from the cathode and thus prevents the start 
of ionization until plate voltage is made sufficiently positive to overcome the retarding effect of the 
grid. If the plate voltage is maintained at some certain positive value, as usually is the case, then the 
grid may be made less negative until it no longer can hold back the electrons. Then ionization corn-
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menees, and within about 10 microseconds at most the electron flow through the tube increases from 

practically zero to its maximum rate. 

The circuit connections for a gaseous sweep oscillator, as shown by Fig. 83-8, are somewhat simpler 
than for the multivibrator because there is only a single triode and because there is no intertube coupling 
capacitor to be switched for various ranges of capacitance. The range switch connects any one of a group 
of sawtooth capacitors between the oscillator plate and ground. Adjustable resistor Rs is the vernier 
control for varying the sweep frequency through any one of the ranges. Reducing this resistance shortens 
the charging time constant for the sawtooth capacitor while increasing the plate voltage for the oscillator, 
both of which tend to increase the sweep frequency. This is the same function performed by resistors 
Rs in the multivibrator oscillator systems of Fig. 83-7. 

The purpose of resistor Ra in series with the oscillator grid, is to limit the flow of grid current during 
the operating period in which positive ions are being attracted to the negative grid. The value of resis-
tance at this point is about 1,000 ohms for each peak volt of synchronizing voltage used on the grid. 
The black dot within the circle of the oscillator symbol indicates that this is a gaseous tube. Such a dot, 
which may be anywhere within the circle, always indicates a gaseous tube. 

Fig. 83-9 shows average relations between positive plate voltage and negative grid voltage for the start 
of ionization in the two types of gaseous triodes most often employed as oscilloscope sweep oscillators. 
As an example in operation, supposing we have 70 volts on the plate of an 884 thyratron oscillator with a 
negative grid bias of 10 volts. The tube will not ionize or "break down" because, with 70 plate volts, the 
grid would have to be made about 8 volts negative for this to happen. If the synchronizing voltage applied 
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to the oscillator grid were to have amplitude of slightly more than 2 volts the positive alternations of this 
sync voltage would bring the grid down to 8 volts or slightly less negative, and ionization would take 

place. 

Supposing now that no sync voltage is being applied to the oscillator grid, and that we have available 
at ll+of Fig. 83-8 a supply voltage of 100. Whichever one of the sawtooth capacitors is connected through 
the range switch, now will charge through the resistance at Rs of that figure. The time rate of charge 
will depend on the sawtooth capacitance and the resistance at Rs. As the charge progresses, the capaci-
tor voltage rise is forming the gradual upward slope of a sawtooth deflection voltage going to the sweep 
amplifier, exactly as in a television sweep circuit. 

When the capacitor charge voltage rises to 90 volts there will be 90 volts on the oscillator plate. With 
our assumed grid bias of 10 volts negative there will be ionization or break down in the oscillator, as 
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Fig. 83-9. Plate voltage versus grid voltage characteristics of two commonly used gaseous sweep 
oscillator tubes. 
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Fig. 83-10. Sawtooth waves at the free running frequency and after a synchronizing voltage is applied to a 

sweep os cillator. 

shown by the relation between 90 plate volts and 10 grid volts in Fig. 83-9. The internal resistance of 

the gaseous oscillator drops almost instantaneously to a very low value, and the sawtooth capacitor dis-
charges through the oscillator tube. The sudden drop of capacitor voltage forms the retrace portion of 

the sawtooth deflection voltage going to the sweep amplifier 

The action in the sweep circuit with no synchronizing voltage, as so far described, is illustrated at 
the left in Fig. 83-10. Each charge and discharge of the sawtooth capacitor completes one cycle of oscil-
lation at the free running frequency, which is the sweep frequency with no sync voltage. What happens 
when the sync voltage is applied is sewn at the right. Positive peaks of sync voltage drop the oscil-
lator grid to 8 volts negative. Then ionization will commence every time the capacitor charge voltage 
and oscillator plate voltage rises te 70 volts. Essentially the same things happen with any other combi-
nation of B supply voltage, grid bias, and sync voltage amplitude. 

(t_ 
The oscillator is synchronized by using the range switch and vernier frequency control to bring the free 

running frequency almost as high as the frequency of the sync voltage. It is the oscillator frequency that 
has to be changed because the frequency of the sync voltage cannot be altered, for this is the frequency 
of the voltage or current to be observed. Until the oscillator frequency is synchronized with the voltage 
or current to be observed, the trace on the screen of the CRT will be in rapid motion. As soon as the 
oscillator locks into sync the trace will stand still on the screen. 

As the sawtooth capacitor nears discharge, its voltage aid the voltage on oscillator plate drops so low, 
that electrons being emitted from the oscillator cathode are not drawn to the plate with enough velocity 
to continue the ionization action. Although this stops formation of new positive ions, a lot of them still 
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remain inside the tube, mostly on the negative grid and all around it. This sheath of positive ions masks 
the negative charge of the grid itself and keeps it from opposing emission from the cathode. Because 
emission can continue, the tube remains conductive until nearly all these positive ions pick up electrons 
and become neutral atoms. This is the action called deionization. Until deionization is practically com-
plete, the grid cannot stop electron emission and capacitor discharge, and a new charge cannot begin. 

It is the time for deionization that limits the rate of charge and discharge of the sawtooth capacitor in 
a gaseous sweep oscillator circuit, and, as a consequence, limits the frequency of the sweep. Most gas-
eous oscillator circuits can reach sweep frequencies no higher than about 30,000 cycles. Careful design 
and construction will extend the limit to about 50,000 cycles. 

POWER SUPPLY SYSTEMS. In the B power supply for an oscilloscope there must he a high-voltage 
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Fig. 83-11. Circuits of a high-voltage power supply such as used in oscilloscopes. 
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section for the deflecting plates and other elements of the CRT, also a low voltage section for plate, 
screen, and biasing circuits of the amplifier and oscillator tubes. Fig. 83-11 illustrates some of the 
features commonly found in power supplies of this type. 

The low-voltage rectifier tube is a full-wave type connected to one end of the power transformer second-
ary in the same manner as any other full-wave rectifier, with about 300 to 350 a-c volts going to each plate 
from each side of the grounded center tap on this section of the winding. To provide high voltages for the 
CRT the transformer secondary is extended, and the far end or high-voltage end is connected to the cath-
ode of the high-voltage rectifier. 

The filter connected to the cathode of the low-voltage rectifier is shown as a resistance-capacitance 
type, but might be a choke-capacitance type. Voltage and current for amplifiers and oscillators is taken 
to the usual voltage divider and voltage dropping circuits from the output of this filter. 

From the negative plate of the high-voltage rectifier a system of voltage dividing resistors extends to 
ground and also from the ground point back to the tap oa the transformer secondary, thence through the 
secondary winding to the cathode of the high-voltage rectifier. The voltage divider resistance in combi-
nation with capacitor Cf from the rectifier plate to ground provide high-voltage filtering. The total divider 
resistance is on the order of one to two megolims. The single filter capacitor will have capacitance of 
0.5 to 1.0 mf in most cases. This simple filtering is sufficient because the total high-voltage current 
ordinarily is only two or three milliamperes. Because of the small currents through them, the divider 
resistors may be of rather small wattage ratings in spite of their high resistances. 

In the majority of oscilloscope high-voltage power circuits, and in the one of Fig. 83-11, the negative 

end of the circuit at the plate of the high-voltage rectifier is at the maximum potential with reference to 
ground. In the circuit illustrated the rectifier plate might be about 1,500 volts negative with reference 
to ground, which is at the end of the voltage divider system farthest from the rectifier. 

Starting to trace from the plate of the high-voltage rectifier, the first divider resistance is a potentio-
meter for intensity control. The slider of this potentiometer goes to the control grid, element 3, of the 

CRT. Thus the control grid is made the most negative of all the elements. From just beyond the intensity 
control a connection goes to the cathode, element 2, of the. CRT. This makes the cathode less negative 
than the control grid, or makes the grid more negative than the cathode. 

Continuing along the voltage divider system, there is a fixed resistor and then another potentiometer 
which is the focusing control. The slider of this potentiometer is connected to the focusing electrode, 
number 5, of the CRT. This connection makes the focusing electrode less negative, and effectively more 

positive, than the cathode. The exact potential difference depends on the requirements of the particular 
CRT tube being used, but usually it will be between 200 and 600 volts. 

After the focusing potentiometer in the voltage divider system there is another fixed resistor, then a 
line leading to the left, and down through two more fixed resistors to ground. The high-voltage anode, 

element 8, of the CRT is connected to ground. Consequently, this high-voltage anode is at a potential 
which is far less negative than that of the cathode, and is effectively far more positive than the cathode 
potential. 
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Because the high-voltage anode is grounded it is at the same potential as chassis metal, and you would 
get no shock by touching the chassis and the high-voltage anode terminal at the same time. But should 
you touch chassis metal and also a terminal for the CRT cathode, control grid, or focusing electrode at 
the same time, you would get a very severe shock which could be really dangerous and possibly fatal in 
case you have a weak heart. This is because all these other elements are at high voltages with respect 

to ground, although the voltages are negative to ground. 

The deflecting plates of the CRT are connected to the high-voltage power supply system through the 

vertical and horizontal centering controls, just as with any other electrostatic deflection tube. If you 
trace the connections from the centering controls to the high-voltage divider system you will find that 
these connections come near the grounded end of the system. The centering controls are mounted on the 
panel of the oscilloscope, and because they are at potentials only a little negative with reference to 

chassis metal ground they are easy to insulate and safe to handle. 

In the leads to the power transformer primary winding may be 
or there may be fuses on both sides. The fuses will blow in 
troubles causing overloads which otherwise might damage the 
the transformer primary leads, or one of them, will go through 
matically when the instrument is removed from its cabinet. 

Under no conditions should you touch any of the internal parts of an oscilloscope which is removed 
from its cabinet unless the power cord plug is pulled out of the power line receptacle. Do not depend on 
switches for disconnection. High voltages may appear at connections and parts which should be at low 
voltage to ground in case there has been a breakdown of insulation or a dead short or partial short through 

some capacitor. 

Although the CRT voltages in an oscilloscope may not be so high as those for a picture tube in a tele-

vision receiver, the scope may be more dangerous. This is because the high-voltage filter capacitor or 
capacitors in the scope are of rather large capacitance and they hold a great deal of energy. The high-
voltage system of modern television receivers retains but little energy, and it is intentionally designed 
with such poor voltage regulation that any overload (such as the resistance of your body) instantly drops 
the voltage to a relatively low value. After an opened oscilloscope has been in operation, wait for a 
minute or two to allow complete discharge of the filter capacitance before touching anything. Better still, 

use a piece of insulated wire or a tool with insulated handle to short both terminals of each filter capaci-

tor to ground, all this after the power is disconnected. 

CONTROLS AND CONNECTIONS. The relative positions and the kinds of controls and binding posts 
or jacks on the panel of an oscilloscope will vary with the make and the model of instrument. The ar-
rangement usually is somewhat as illustrated by Fig. 83-12. The face of the cathode-ray tube is at the 
top. Nearly always the intensity control is on the left and the focus control on the right of the tube face. 
Also, it is common practice to place the vertical centering and the vertical gain controls with the vertical 
input and ground terminals on the left side of the panel. The corresponding horizontal controls and termi-

nals are on the right side. 

The remaining controls and terminals may be almost anywhere. In the illustration there is a sweep 

vernier control for close adjustment of oscillator frequency in the upper center section of the panel, and 

a cartridge fuse of 1 to 3 ampere capacity, 
case of shorted rectifier elements or other 
internal parts of the oscilloscope. Often 
a safety interlock switch that opens auto-
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Fig. 83-12. Typical control arrangement on the front panel of an oscilloscope. 

alongside is the control for adjusting the amplitude or strength of the sync signal voltage fed to the sweep 
oscillator. The range selector for sweep frequencies usually is somewhere in the center of the panel. 
There will be a sync selector switch with positions for external, internal, and line frequency voltages 
for synchronizing the sweep oscillator, also a terminal for connection of any external synchronizing volt-
age and often an additional grounding terminal. 

As a rule there is no separate switch such as the one marked horizontal selector in Fig. 83-5, whose 
purpose is to connect the horizontal sweep amplifier to eaher the sweep oscillator or the horizontal input 
terminal. With the arrangement of Fig. 83-12 this purpose is served by turning the sweep range switch to 
its off position, which disconnects the oscillator output from the amplifier, then making a connection 
from the source of horizontal sweep voltage to the horizontal input terminal. This is a method widely 
used. On DuMont oscillographs the vertical controls and terminals are marked " Y-axis", and horizontal 
controls and terminals are marked "X-axis" controls and terminals. 
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The voltage to be observed on the oscilloscope must be brought from its source to the vertical input 
terminal through a shielded cable, with the cable shield connected to a ground terminal on the panel of 

the oscilloscope and, at the other end, to the ground side, the chassis, or to B-minus of the source. The 
principal reason for using a shielded cable is to prevent pickup of electric fields at power line frequency. 
These fields pervade all space where you are working. To note their effect, set the vertical gain of an 
operating oscilloscope fairly high and touch your finger to the vertical input terminal. On the screen will 

appear a 60-cycle trace with many harmonic and transient effects. Such an addition to any voltage which 
you want to observe leads to great confusion. A shielded and ground-connected cable should be used 

also for bringing any voltages from external sources to the horizontal input terminal and to the external 

sync terminal of the scope. 

The internal connection from the vertical input terminal goes through a fixed capacitor to the vertical 
attenuator or gain control. This capacitor seldom is rated at more than 500 volts, and often at less. 
When either an a-c or d-c voltage connected to the vertical input exceeds about 300 volts it is essential 
to use an external series capacitor of ample voltage rating as a protective measure. This advice applies 
also to voltages applied to the horizontal input or to the external sync terminals. 

As a general rule all the ground terminals on the oscilloscope panel connect to the instrument chassis 
and case, and thus are connected to one another. A ground connection at one terminal is the same as at 
any other terminal. When a ground terminal of the scope is connected to B-minus of a transformerless 
receiver having a hot chassis no other ground terminal of the scope may be connected to a water pipe 

Fig. 83-13. Adjustment of the sweep frequency will bring several cycles onto the screen (left). Sweep 
frequency higher than vertical input frequency causes a split cycle to appear (right). 
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ground or to a service bench ground without danger of serious damage to the scope and possibly to the 
receiver. In other cases a water pipe ground usually helps to prevent pickup of fields at the power line 
frequency, since the housing of the scope then becomes an electrostatic shield. 

OPERATING THE OSCILLOSCOPE. We shall assume that some voltage of unknown frequency is to 
be observed on the oscilloscope, and that the source of this voltage has been correctly connected to the 
vertical input. The steps for then placing the oscilloscope in operation and observing the waveform of 

the applied voltage are, in general, as follows. 

1. Before turning on the power switch of the oscilloscope make these adjustments. 

Turn the intensity control all the way down. In some instruments the "off-on" switch is attached 
to the intensity control, just as the "off-on" switch of a receiver may be connected to the volume control. 
In this case turn the intensity control only far enough to hear the switch snap to its "on" position. 

Place both gain controls about one-third to one-half above their zero positions. 

Place both centering controls at about mid-position. 

Set the focus control at about mid-position. 

Set the sweep range selector to the approximate frequency of the voltage to be observed, if you 
have any idea as to this frequency. 

Place the sync selector switch at its internal position, which will allow synchronizing the sweep 
oscillator with the voltage applied to the vertical input. Other positions of this switch are used for tests 

to be explained later. 

Set the sync amplitude control, which regulates the strength of synchronizing voltage, not more 
than one-fourth to one-third up from its zero position. 

2. Turn on the power switch if it is separate from the intensity control, and wait a minute or more 
to see whether any kind of trace appears on the screen. If nothing appears, turn up the intensity control 

until a trace is seen. Never turn this control higher than necessary to produce a clearly visible trace. 
Too much intensity shortens the life of the CltT screen material. If the scope is left turned on between 

observations, turn down the intensity until the trace disappears. 

3. Adjust the sweep vernier or fine frequency control to make the trace stand still on the screen or to 
have only slow movement toward either the right or left, if this is possible. If the trace continues to 
move rapidly sideways with all adjustments of the vernier control, try the sweep range selector at another 
position and again try adjusting the vernier control for a stationary or nearly stationary trace. Work back 
and forth between the range and vernier controls as necessary. 

4. Usually it is desirable to have two or more complete cycles of observed voltage on the screen at 
the same time. Four cycles appear as at the left in Fig. 83-13. Part of the time of the fourth cycle is 
being taken up by the retrace time. With sweep frequency equal to vertical input frequency there will be 
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Fig. 83-14. A radio frequency on an audio-frequency trace, with sweep rate for the audio frequency (left). 
The effect of audio amplitude modulation on a radio-frequency wave (right). 

one cycle, with the sweep at half the input frequency there will be two cycles, with the sweep at one-
third the input frequency there will be three cycles, and so on. If the sweep frequency were made twice 
the vertical input frequency there would be a single split cycle, as pictured at the right, or with the 
halves in some other relation to each other. 

Fig. 83-15. A frequency response curve enlarged to nearly fill the screen area. 
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Fig. 83-16. Oscillation along the bottom of an audio-frequency trace (left) and an enlargement of the 
oscillation (right). 

If the vertical input voltage contains more than one frequency, you can synchronize for any one, 
but not for more than one frequency at a time. At the left in Fig. 83-14 is shown a high radio frequency 
superimposed on an audio frequency trace, with the scope synchronized for the audio frequency. The 
little r-f waves will crawl back and forth along the trace. At the right is shown the effect of amplitude 
modulation at one frequency combined with a radio frequency trace. Either frequency could be syn-
chronized. 

5. Adjust the horizontal gain control and horizontal centering control to make the trace nearly fill 
the width of the screen while approximately centered between top and bottom. 

6. Adjust the vertical gain control and vertical centering control to make the trace of the desired 
height for easy observation and for approximate centering between top and bottom. Fig. 83-15 is a fre-
quency response trace enlarged and centered to nearly fill the screen area. 

On most oscilloscopes the centering controls have enough range to move the trace all the way off 
the screen, either horizontally or vertically. Except at very high frequencies or with weak input voltages 
the vertical gain control will make the trace much larger than the screen area, so that only part of the 
trace may be seen. The horizontal gain control always will make the trace much wider than the screen. 

These features are useful, as you may see from Fig. 83-16. At the left are two cycles of an audio 
voltage wave showing plate current saturation at the top and spurious oscillation below. Wishing to ex-
amine the oscillation more closely we may increase both gain controls and then center this one portion of 
the wave, with the result shown at the right. 

7. Turn down the sync amplitude or lock-in control as far as possible while still holding a stationary 
trace. This will require readjustment of the frequency vernier as the sync amplitude is turned lower. 
Increasing the sync amplitude shortens the time of charge for the sawtooth capacitor on the sweep oscil-
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Fig. 83-17. This trace is drifting, due to too little sync amplitude. 

lator, and thus increases the sweep frequency. Too much sync amplitude will distort the sawtooth wave-
form and cause the trace to be crowded at one side. This fault you won't notice, but it will exist and 
will make observations unreliable unless sync amplitude is kept as low as possible. 

A good procedure consists of first turning the sync amplitude control almost to zero. The trace 
then will drift toward one side or the other. Drift in one direction may be stopped by turning the frequency 
vernier one way or the other. Then the drift will reverse until the vernier is turned the other way. After 
getting the trace as nearly stationary as possible by adjusting the frequency vernier, lock the trace by 
turning up the sync amplitude control. The sync amplitude control will have no effect when the sweep 
frequency is higher than that of the observed voltage. 

A trace of a single cycle in which there is drifting is pictured by Fig. 83-17. Incidentally, this 
illustration shows the use of a cross ruled graph scale in front of the CRT face. Such transparent ruled 
scales are permanently in place on some instruments, while with others the scale is detachable. The 
rulings allow measuring heights and widths of waves or parts of waves when estimating peak voltages 
and when making various comparative observations. The controls for gain and centering are used to 
bring the trace or any of its parts into any desired position with reference to the scale rulings. 

L1 8. The final adjustment is that of the focus control, to make the trace line as narrow and fine as 
possible and with the least possible fuzziness. The focusing usually requires readjustment every time 
the intensity control is altered. You will find also that other controls interact with one another, this 
being especially true of the controls for sweep frequency vernier, sync amplitude, and both vertIcal and 

horizontal gain -- as well as those for focus and intensity. 
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LESSON NO. 84 

TESTS WITH THE OSCILLOSCOPE 

When selecting an oscilloscope for service work the most important features or characteristics to be con-
sidered will include: 

a. Sensitivity, or input voltage required to produce a trace of given size. 

b. Frequency response, or maximum frequency of voltage on the vertical input for which gain in the ver-
tical amplifier system remains reasonably constant or flat. 

c. Impedance at vertical input terminals, which determines the loading or detuning effect on circuits to 
which the scope is connected. 

d. Minimum and maximum sweep rates. 

e. Size or face diameter of the cathode-ray tube. 

Catalog descriptions specify all these characteristics for the various types and models of instruments. 

The descriptions will list also a few or many of a variety of what may be called added conveniences. 
Among these extras are sync reversal, trace inversion, retrace blanking, intensity modulation, connections 
direct to CRT plates, single or driven sweeps, d-c amplifiers, and others. Each extra feature adds to the 
cost of the instrument, but each is worth its price if you need it or think you do. To complete our under-
standing of service oscilloscopes we shall first discuss the features possessed by all instruments, then 
some of the extras and what they are good for. 

(çvl 
SENSITIVITY. Vertical sensitivity of an oscilloscope usually is specified as the fraction of an a-c volt, 

effective or r-m-s value, required to produce a trace one inch high on the screen when this voltage is app-
lied at the vertical input terminals with gain or attenuator controls at their maximum settings. This mea-
sure of sensitivity is based on the deflection factor of the CRT and the gain in the vertical amplifier sys-
tem, from input terminals to CRT plates. 

€1.-)• Specifying oscilloscope sensitivity in volts per inch of deflection is a rather unfortunate and misleading 
choice for such a measure. It is misleading because the greater the fraction of a volt needed to produce a 
trace one inch high, the less will be the height for whatever a-c voltage actually is applied at the input. 
For instance, if one scope has vertical sensitivity of only 0.02 volt per inch and another has sensitivity of 
0.05 volt per inch, the one with smaller sensitivity figure gives a bigger trace than the one with the larger 
sensitivity figure when the same voltage is applied to both. 

If a-c voltages of opposite phase are applied to the opposite deflecting plates of a pair in the CRT itself, 
we may measure the result in r-m-s volts required for each inch of beam deflection. But we don't call this 
a measure of sensitivity in the CRT, rather we call it the deflection factor. The deflection factor voltage 
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Fig. 84-1. An amplifier and gain control having flat response over a limited range of frequencies. 

of a CRT is almost directly proportional to B voltage applied between the high-voltage anode and cathode, 
when voltage on the focusing electrode remains constant. That is, doubling the anode voltage will cut the 
deflection distance in half and will double the deflection factor, while halving the anode voltage will halve 

the deflection factor voltage. 

The greater the anode voltage, within limits of tube rating, the more brilliant and sharper the trace may 
be made by correct focusing, but deflection distance is reduced. Lower anode voltage increases the def-
lection distance, but makes the trace fuzzier and less bright. 

The deflection factor is not the same for both pairs of deflecting plates. The factor for the pair of plates 
toward the tube base is 10 or 15 per cent less than for the pair toward the tube face. The pair toward the 
base most often is used for vertical deflection, to give greater vertical sensitivity for the oscilloscope. 

Since deflection factor voltage of the CRT tube is almost directly proportional to anode voltage,it is con-
venient to specify this factor as so many volts per inch of deflection for every kilovolt (1,000 volts) on the 
high-voltage anode. Cathode-ray tubes in oscilloscopes commonly have deflection factors ranging from about 
22 to 38 volts per inch per kilovolt. Supposing that we have a tube in which this factor is 30. Deflection 
will be 1 inch for each 30 volts r-m-s across the deflecting plates of a pair when anode potential is 1,000 
volts or 1 kv. Were the anode potential made 2,000 volts (2 kv) the factor would become 60, and it would 
take 60 r-m-s volts across the plates to deflect the beam 1 inch. 

If our CRT did actually have a deflection factor of 30volts per inch per kv, and were operated with 1,000 
volts on its anode, what net voltage gain would be required in the amplifier system to provide sensitivity 
of 0.02 volt per inch for the scope? Vie simply divide the CRT deflection factor of 30 by the required sen-
sitivity of 0.02 to find that the amplifier must provide voltage gain of 1,500 times, from input terminals to 

CRT plates. 
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For television servicing it is desirable to have vertical input sensitivity of at least 0.05 volt per inch, 
and sensitivities as great as 0.03 or 0.02 are preferrei. Horizontal sensitivity is not so important. The 
sweep oscillator in any particular instrument will be designed to deliver plenty of sawtooth voltage to its 
horizontal amplifier. Any external voltage applied to the horizontal input terminals ordinarily will be amply 
strong to swing the beam far enough sideways. Horizontal sensitivity of about 0.5 volt per inch should be 
enough for service work. 

FREQUENCY RESPONSE. The upper limit of frequency at which overall gain from input to CRT plates 
remains nearly constant depends on the design and construction of the amplifiers and the gain controls or 
attenuators. Sometimes the response is specified as being down so many decibels at some certain frequen-
cy, maybe 3 db down at 1 mc. If the 3 db refers to power, the gain drops to half its maximum at the speci-
fied frequency, if it refers to voltage the gain drops to 70 per cent of maximum at this frequency. The gain 
might be uniform or flat up to only a fourth or a third of the frequency for which it is down 3 db. or it might 
be flat to a greater percentage. 

What kind of frequency response is needed depends on the kind of work for which the scope will be used. 
For alignment of television and f-m receivers any response found in any good make of service scope will be 
good enough at the high end, but it should be nearly flat down to frequencies of only a few cycles per se-
cond. If you wish to examine waveforms in the sync and sweep circuits of television receivers the vertical 
frequency response should be practically flat to a minimum of about 500 kc or 0.5 mc. Although the hori-
zontal line frequency is only 15.75 kc, the pulses are in the form of square waves. A square wave contains 
harmonic frequencies of important strengths up to at least 10 times the fundamental, and if a square wave-
form is to be reproduced with good accuracy the response should be flat to 20 or more times the fundamen-
tal. For horizontal pulses this would require flat response up to 350 kc or more. It is understood that cata-
log listings of frequency response refer to sine wave inputs. 

Horizontal frequency response need not be so good as vertical response. The horizontal response must 
handle sawtooth waves up to 15.75 kc, the horizontal line frequency for television. A sawtooth wave con-
tains frequencies much higher than its fundamental because of the fast retrace. If the retrace time is 1/10 
of the entire sawtooth cycle the effective retrace frequency is 10 times the fundamental, or is 157.5 kc. 
Then horizontal frequency response should be practically flat to 200 kc. 

Fig. 84-1 shows fairly typical vertical amplifier circuits for an oscilloscope of limited frequency res-
ponse, entirely satisfactory for television alignment, fairly so for observing vertical sync pulses, but not 
satisfactory for horizontal pulses. There is a simple potentiometer type gain control on the input, feeding 
the grid of a voltage amplifier. Push-pull amplifiers with resistance-capacitance phase inversion feed the 
plates of the CRT. Just as with any push-pull amplifier, power supply ripple voltages and second harmonics 
generated in the plate circuits tend to cancel out. 

Fig. 84-2 shows vertical amplifier circuits with features allowing excellent frequency response. Tube I 
is operated as a cathode followe,-, with high impedance on the input side and low impedance in the cathode 
output containing the gain control potentiometer. Tube 2 is a voltage amplifier with a high-frequency com-
pensating inductor or speaker in its plate circuit. Low-frequency compensation is provided by choice of 
values in the plate decoupling resistor and capacitor and by an adjustable grid resistance on the following 
tube. Tube 3 is a voltage amplifier and phase inverter with frequency compensation in its plate circuit. 
These frequency compensations are like those used in television video amplifiers. In other words, we have 
here a broad band amplifier system with flat response over a wide range and with minimum phase shift at 
high and low frequencies. Note also that cathode bias resistors are not bypassed, thus allowing degenera-
tion to keep the response more nearly flat. 
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A broad-band vertical amplifier system having an extended frequency response. 

In actual practice the push-pull amplifiers of Fig. 84-2 might be voltage amplifiers, and they might feed 
additional push-pull beam power amplifier tubes whose outputs would go to the deflecting plates. This is 
because a broad band amplifier has relatively small gain per stage, and a number of stages are needed to 
provide the overall gain for good input sensitivity. 

FREQUENCY DISCRIMINATION. When the observed voltage consists of both low and high frequencies, 
as in the case of a television sync signal, all frequencies should be uniformly amplified. This is why the 
flat portion of the response is more important than the limit of frequency at which waveforms are just visi-
ble. If all frequencies are not uniformly amplified there is frequency discrimination, and the traces da not 

follow the actual voltage waveforms. 

There is serious discrimination between low and high frequencies in the ordinary potentiometer type of 
gain control constructed as at 1 in Fig. 84-3. For d-c voltages and for very low frequencies the fraction of 
input voltage applied to the grid of the tube is the ratio of resistance at Rb to total resistance Ra, or it is 

Rb/Ra just as with any resistance type voltage divider. 

Actually, however, there are stray capacitances as represented in diagram 2. There is stray capacitance 
and grid-to-cathode capacitance to ground, at Cb, and capacitance from the grid terminal to the input ter-
minal, at Cc. Here we have a capacitance voltage divider with total capacitance Ca. The capacitive reac-
tances vary with frequency. Divider resistance Ra is shunted with varying reactance of Ca, resistance Rb 
is shunted with reactance of Cb, and resistance Rc is shunted with varying capacitance of Cc. 

When you adjust the control slider for maximum gain, at the top of the resistance, the effect of the capa-
citances is only to reduce their reactance and the input impedance as frequency goes up.There is decreas-
ing input impedance across whatever external circuit is furnishing the input voltage, and this circuitsuffers 
increased loading. But the total voltage from the external circuit is applied to the grid of the amplifier tube 
at all frequencies, and there is not what we call frequency discrimination in the gain control. 
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Fig. 84-3. 
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Causes and cure for frequency discrimination in the gain control. 

If the control is adjusted for anything less than maximum gain the percentages of input voltage delivered 
to the amplifier grid will vary wIth frequency unless you just happen to set the control at a point where 
there is balance between ratios of capacitive reactances and control resistances above and below the grid. 
In general, the lower you set the control in reducing voltage to the amplifier grid the worse is the discrimi-
nation between low and high frequencies. 

As an example of what happens, assume that the total resistance of the control is 500,000 ohms, that it 
is set to deliver 10 per cent of the input voltage to the grid (so far as resistance ratio is concerned) and 

50 

o 100 200 300 400 500 

FREQUENCY - KILOCYCLES 

Fig. 84-4. How the observed frequency may affect the fraction of input voltage getting to the grid of the 
first amplifier tube. 
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that stray capacitances are 20 rnmf on both sides of the grid. This would be an unlikely capacitance divi-
sion, but it will serve for illustration. The actual percentages of input voltage on the amplifier grid will 

vary with frequency as shown by Fig. 84-4. 

At 100 kilocycles the actual voltage to the amplifier grid has gone up from 10 to about 31 per cent of the 
input voltage, and at 500 kilocycles it is nearly 45 per cent instead of the assumed 10 per cent. At still 
higher frequencies the capacitive reactances would become so very small compared to the control resistan-
ces that the resistance ratio would have negligible effect. Voltage to the amplifier grid would depend al-
most entirely on the ratio of reactances which, in our example is 50-50 per cent. The curve would come con-
tinually nearer to 50 per cent. 

Discrimination is worse with greater resistance in the gain control, and is lessened by using smaller re-
sistance. But small resistance increases the loading of the circuit to which the oscilloscope is connected. 
For any particular percentage of input voltage delivered to the amplifier grid, frequency discrimination may 
be made unimportant by using the scheme shown at 3 in Fig. 84-3. There are two resistors, Rc and Rb, 
whose ratio would give the desired fraction of input voltage .These resistors are shunted byone fixed capa-
citor Cc and one adjustable trimmer capacitor Cb. If the ratio of capacitive reactances above and below the 
grid is made equal to or proportional to the ratio of resistances at anyone frequency,this"proportionality" 
will hold for higher and lower frequencies and there will be little or no discrimination for this one fraction 

of input voltage delivered to the amplifier grid. 

A practical way of using this general method of frequency compensation is shown by Fig. 84-5. A sepa-
rate group of attenuating resistors and shunting capacitors is provided for each of several fractions of input 
voltage to be applied to the amplifier. A two-section selector switch makes connection from any one of 
these groups to the input terminal and to the amplifier grid. Switch positions on the diagram are marked 1, 
10, 100, and 1,000. In position 1 the input terminal is connected directly to the amplifier grid. There is no 
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Fig. 84-5. Circuits for one style of stepped input attenuator with frequency compensation> 
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frequency compensation on this position, it is used only when maximum possible gain must be realized 
without regard to frequency discrimination. 

The attenuating and compensating elements which are connected with the switch at 10 cause 1/10 of the 
input voltage to be applied to the amplifier. With the switch at 100 the amplifier gets 1/100 of the input, 
and at 1,000 it gets 1/1000. Between the limits of any two attenuator ratios the gain is regulated by a po-
tentiometer-type gain control in the plate circuit of the first amplifier tube. With a potentiometer in this 
position its total resistance need be only a few thousand ohms, as compared with the half to one megohm 
commonly used for gain controls at the input. With the much smaller resistance of this gain control there 
is relatively little variation of resistance and capacitive reactance ratios with change of frequency. Still 
less gain control resistance may be employed when using a cathode follower system, as in Fig. 84-2. 

(..--,) INPUT IMPEDANCE. Input impedance of an oscilloscope is specified as a certain resistance shunted 
by a certain capacitance. The resistance usually is something between 1 and 5 megohms, and the capaci-
tance between 20 and 50 or more mmf. As with any other testing instrument which is connected across mea-
sured circuits, the greater the resistance and the less the shunting capacitance the better are the results. 
Unfortunately, small shunting capacitance and high resistance are attained only at the expense of ampli-
fication or gain. If there is to be small input impedance combined with high gain, the amplifier must con-
sist of a number of stages which brings up the cost of the instrument. 

-- SWEEP REQUIREMENTS. A maximum sweep frequency of 20,000 to 30,000 cycles per second is ample 
or television servicing and for all usual sound receiver and audio amplifier servicing. In the case of tele-
vision, no ordinary oscilloscope would have a sweep frequency high enough to allow accurately observing 
a single cycle at carrier frequencies, nor even at intermediate nor at the higher video frequencies. The 
next highest television frequency to be observed is that of one horizontal line, a frequency of 15,750 cycles 
per second. Nearly always you will want at least two line periods on the screen at one time,so the highest 
sweep frequency ordinarily used is 7,875 cycles per second. 

It is possible to examine the principal features of one cycle of any voltage when the cycle takes up 
about 3/8 inch of horizontal space. On a 7-inch tube you can see about 17 such cycles, about 12 on a 5-
inch tube,and 7 on a 3-inch tube. Frequency of an input voltage to be thus observed is equal approximately 
to the number of cycles on the screen times the number of cycles of sweep frequency. Multiplication will 
show that a sweep rate of 60,000 cycles with a 7-inch tube won't extend the observable input frequency 
much beyond the center of the standard broadcast carrier range, or to only about one megacycle. It would 
take a sweep of more than 250,000 cycles per second to get into the upper part of the video frequency range. 

Other features of the sweep are more important, in our work, than maximum frequency. The sweep voltage 
at the plates of the CRT should be linear, meaning that the beam will travel across the screen at a constant 
speed. Supposing we were to have such extreme nonlineanty of sawtooth voltage as shown by the curve at 
the top of Fig. 84-6, and were applying a constant-frequency sine wave voltage at the input. Each cycle 
will take up the same time period as every other cycle, as shown along the bottom of the graph. But the 
beam will travel from left to right proportionately to the sawtooth voltage. 

The uniform sine wave voltage would produce on the screen a distorted trace, as at the bottom of the 
figure. During the first cycle the sawtooth voltage would increase from 0 to a, and the beam would travel a 
proportionate distance to the right. During the second cycle the voltage would increase from a to b. This is 
a lesser increase then from 0 to a, and the beam would not travel so far. Every succeeding trace of one 
cycle would be shorter than the one before it, and you would not see a true picture of the input voltage. A 
number of sine wave cycles are used in order to clearly show the effect of nonlinearity. Any other voltage 
would be similarly distorted, although you might not realize what is happening. 
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Fig. 84-6. The effect on trace form of non-linearity in the sawtooth deflecting voltage. 

Any oscilloscope may be checked for sweep linearity by connecting to the vertical input a voltage of 
rather high frequency, say 100,000 cycles per second as obtainable from most r-f signal generators. The 
waveform of applied voltage is of no importance; its frequency will not vary appreciably during one trace. 
Adjust the scope internal sweep to get five or six cycles on the screen. If horizontal distances between all 
the peaks are equal the sweep is linear at this frequency, otherwise it is not linear. Slight non-linearity at 
the extreme left and right will do no great harm. Nonlinearity may result from action of the sweep oscillator, 
but more often it is the fault of the horizontal amplifier. The sweep may be an excellent sawtooth waveform 
at the oscillator output, yet be very bad at the CRT plates. 

SIZE OF CRT. Face or screen diameters in popular service oscilloscopes are five inches and seven in-
ches. Three-inch tubes, formerly used in nearly all scopes, still are found where small overall size of the 
instrument isof importance. The larger the screen diameter and area the easier it is to see fine details of 
traces such as those of television sync signals and various kinds of audio distortion. If the focus can be 
made sharp enough to trace a very thin, bright line there will be as much detail on a three-inch screen as 
on a seven-inch size, but it won't be so easy to see. Any screen diameter is satisfactory for alignment 
work, although the larger sizes always make for easier observation. 

EXTERNAL SYNC. When first we discussed oscilloscope controls the sync selector switch was shown 
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with three positions; internal sync, external sync, and line or 60-cycle sync. Operation with internal sync-
hronization was explained at that time. The other two positions are used less often, but sometimes they 
are needed. 

When you set the sync selector switch at "External" and connect any external source of voltage between 
the "External Sync" terminal and a ground terminal, this external voltage synchronizes the sweep oscilla-
tor. The external voltage is applied through the sync amplitude control potentiometer to the sweep oscilla-
tor grid. All the other controls work just the same as with the sync selector switch at "Internal". The 
range and vernier frequency controls must be adjusted fcr a sweep rate suited to the frequency of the obser-
ved signal. The sync amplitude control is used for holding the trace stationary. The controls for gain, cen-

tering, intensity, and focus are employed in the usual manner. 

The external sync voltage may be the same as the voltage observed on the screen, which would require 
making the connections at / in Fig. 84-7, or it might be some other voltage used with the connections at 2. 
External synchronization sometimes is used when the observed voltage contains many harmonic frequencies 
and has a waveform so irregular that internal synchronization from this waveform is difficult to hold with-
out turning the sync amplitude control undesirably high. Then the sweep may be synchronized from some 
external source operating at the fundamental frequency of the observed voltage, or at some simple fraction 
of the fundamental for which the range and vernier frequency controls are adjusted. External synchronization 
may be used also when two separate. voltages are applied to the vertical input to produce two simultaneous 
traces in order to observe their phase or amplitude relations. Then external synchronization at either of the 

observed frequencies may be used. 

LINE OR 60-CYCLE SYNC. When the sync selector switch is turned to the position marked "Line" or 
"60-cycle" a voltage at power line frequency, taken from within the oscilloscope, is applied through the 
sync amplitude potentiometer to the grid of the sweep oscillator. The frequency range and vernier controls 
must be adjusted for line frequency or for 60 cycles. Then the sweep will be synchronized at this frequency 
while a voltage of any frequency at all is applied to the vertical input. All the other controls are used in 
the same way as with the sync selector at "Internal". 

VOLTAGE 
SOURCE 

OBSERVED 
VOLTAGE 

VERT. EXT. 

SYNC. 

Fig. 84-7. Connections to the "Externa: Sync" terminals of an oscilloscope. 
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Fig. 84-8. Waveform traces may be inverted on the oscilloscope screen. 

In some television oscilloscopes the 60-cycle position of the sync selector applies a sine wave at line 
frequency to the horizontal amplifier, through its gain control, and disconnects the sweep oscillator from 
this amplifier. Then the horizontal sweep is not a 60-cycle sawtooth wave but is a 60-cycle sine wave.This 
system may be used when employing a sweep generator for television or f-m receiver alignment, as will be 
explained in another lesson. 

TRACE INVERSION. We get used to thinking of signal waveforms and other voltage waveforms as having 
a certain polarity. We think of a frequency response curve as showing gain increasing toward the top, and 
minimum at the bottom. But when you use an oscilloscope to inspect frequency responses or waveforms the 
polarity as it appears on the screen depends on the point in the receiver to which the vertical input in con-
nected. On the grid side of an amplifier tube the polarity is in one direction, and on the plate side it is in-
verted. 

(t Some oscilloscopes have a switch for inverting the trace on the screen, no matter what may be the pola-
rity as taken from a receiver circuit. A frequencyresponse might appear as at I in Fig. 84-8. A trace inver-
sion switch will turn it the other way up, as at 2, and make the curve appear in this more familiar form. The 
curve and all the information it conveys are the same in both polarities. As at 3 a television signal might 
appear with sync pulses down. If you prefer looking at the signal with these pulses on the positive side, 
the waveform may be turned over with the trace inverting switch. Note that the curves and waveforms are 
not reversed between left and right, they are only inverted between bottom and top. 
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SYNC REVERSAL. When the voltage used for synchronizing the sweep oscillator is of sine wave form 
or of any form symmetrical above and below zero, as at: 1 in Fig. 84-9, synchronization will be equally 
stable from either the positive or negative peaks. When observing any non-symmetrical voltage it is easier 
to obtain stable synchronization and a stationary trace when the more sharply peaked side of the voltage 
wave is of the polarity that triggers the sweep oscillator. An example is the television signal wave shown 
at 2. The sync pulse side of the wave will trigger the oscilloscope sweep oscillator with certainty each 
time a pulse occurs. The picture signal side of the wave is too irregular for effective triggering. 

The oscilloscope may have a sync reversing switch, usually marked positive for one position and nega-
tive for the other position. This switch is used by trying it in both positions, and using the position that 
allows a stationary trace with the lowest setting of the sync amplitude control. Tlis will be the position 
that syncs the sweep oscillator from whichever side of the voltage wave has the sharpest and most distinct 
peaks. 

The polarity of any voltage may be reversed between anysource and any load by wiring a two-pole double-
throw switch as shown at the bottom of Fig. 84-9. With the contacts closed toward the left of the switch, as 
in diagram 3, the A side of the source is connected to the C side of the load or output, while /3 of the source 
is connected to D of the load. When the switch is thrown to its other position, as in diagram 4, we have A 
of the source connected to D of the load, while B of the source is connected to C of the load. 

When an oscilloscope vertical amplifier is of the push-pull type, sync reversal may be provided by taking 
the sync voltage for the sweep oscillator from either one or the other of the push-pull tubes. While the grid 

Fig. 84-9. The most stable synchronization is obtained from the sharper peaks of a voltage wave. 
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Fig. 84-10. Higher sweep frequencies increase the retrace time in relation to the time for forward traces. 

of one o! these tubes is going positive the grid of the other is going negative, and the plates likewise are 
of opposite polarity at any given time. 

RETRACE EFFECTS. When using the internal sweep of the oscilloscope the beam in the CRT travels 
from left to right during the rise of sawtooth voltage from the sweep oscillator and retraces from right to 
left during drop of the sawtooth voltage. The retrace time is the time required for the sawtooth capacitor to 
discharge to the point where recharge again commences. This time for retrace remains fairly independent 
of change of sweep frequency. 

lhen the sweep is at a low frequency, as represented at / in Fig. 84-10, the retrace time is a very small 
part of the total sawtooth and is a small part of each complete sweep cycle. At higher and higher sweep fre-
quencies, as represented at 2 and 3, the retrace time becomes a greater percentage of the total cycle and 
increases in relation to the periods of forward trace. 

The frequency of any observed voltage remains constant during a forward trace and the following retrace. 
Assume, for an example, that there are four cycles of the observed voltage wave during each complete sweep 
period, and assume also that we have the condition of diagram 3 where the retrace time is about one-fourth 
of the total sweep cycle. Then, as shown by diagram 4, there will be three cycles of the observed voltage 
during each forward trace, and one cycle during each retrace. 
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The beam travels faster during retrace than during forward trace, and this tends to make the retrace less 
bright. However, when using the highest sweep frequencies the beam is traveling so fast in both directions 
that the intensity has to be turned fairly high to observe the forward trace, and the retrace may become 
clearly visible to make a rather confusing pattern on the screen. The intensity control should be set low 
enough to leave the forward trace no brighter than absolutely necessary; then the retrace ordinarily will 
cause no difficulty. 

( 9) In some oscilloscopes there is a retrace blanking circuit. \lost often a sawtooth wave taken from some 
plates in the horizontal system is passed through a series capacitor and shunting resistor to"differentiate" 
the wave and produce a sharp vollage pulse, just as in the differentiating filter leading to the horizontal 
sweep oscillator of a television receiver. The sawtooth voltage is selected to give a voltage pulse of ne-
gative polarity with reference to the CRT cathode, and this negative pulse is applied to the CRT grid to 
drive it beyond the beam cutoff voltage during retrace periods. In other cases an approximate sine wave is 
applied to the CRT grid in such phase relation to the sweep sawtooth that the positive alternation of the 
sine wave brightens the forward trace while the negative alternation dims the retrace. 

INTENSITY MODULATION. During all ordinary operations with the oscilloscope the brightness of the 
trace is regulated only by the intensity control, which makes the grid of the CRT more orless negative with 
reference to the cathode. The brightness remains of a value determined by the setting of the intensity con-
trol. It is possible however, to vary the brightness at any desired frequency, if the oscilloscope is provided 

INTENSITY 
CONTROL 

INTENSITY 
MODULATION 

VERTICAL INPUT 
VOLTAGE 

MODULATING 
VOLTAGE 

Fig. 84,11. An intensity modulation circuit, and the effect of such modulation. 
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with an "Intensity Modulation" terminal, and connections from this terminal to the grid as shown by Fig. 
84-11. The internal connections usually consist of a series capacitor and a resistor to ground. Whatever 
alternating voltage is applied between the intensity modulation terminal and ground, is applied to the grid 
of the CRT. 

At the right in Fig. 84-11 is illustrated the effect of an intensity modulating voltage on brightness of a 
trace. The trace is shown as consisting of a single cycle of any alternating voltage connected to the ver-
tical input and ground terminals. The modulating voltage applied to the grid is of such frequency that five 
of its cycles occur within the period of one cycle of vertical input voltage, meaning that the frequency of 
the modulating voltage is illustrated as being five times the frequency of vertical input voltage. 

Every time the modulating voltage goes through a positive alternation it makes the CRT grid less nega-
tive, and the portion of the trace thus affected becomes brighter. Every negative alternation of modulating 
voltage makes the CRT grid still more negative, and darkens or blanks the corresponding portion of the 
trace. The number of bright spots per cycle of vertical input voltage,also the number of dark spots, is equal 
to the frequency of intensity modulation voltage divided by the frequency of the voltage applied to the ver-
tical input. This rule applies when the modulating voltage is some exact multiple of the vertical input vol-
tage. 

When division of the modulating frequency by the vertical input frequency gives some whole number plus 
one-half ( 1V2, 2%, 3%, etc.)the number of bright spots or of dark spots will be twice the quotient of the divi-
sion; For instance, with vertical input at 60 cycles and modulation at 150 cycles the division is 150/60 or 
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Fig. 84-12. Switching-connections for applying an observed voltage directly to a pair of deflecting plates. 
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2%. Then there will be 2 times 2% or 5 bright spots and 5 dark spots per vertical input cycle. This is be-
cause persistence of vision lets you see two superimposed traces at a time, and the extra half-cycle of mo-
dulating voltage puts in an extra spot. 

Negative voltage on the CRT grad as determined by adjustment of the regular intensity control must al-
ways remain at least equal to the peaks of modulating voltage, otherwise the grid will be driven positive. 
Always commence with the intensity control at its lowest setting, and turn it up slowly until the alternate 
bright and dark spots appear. If the alternate spots appear with the intensity control at its minimum setting, 
the modulating voltage is too strong and must be reduced. Intensity modulation is not required for any of 
the usual operations in television and radio servicing. 

DIRECT CONNECTIONS TO CRT PLATES. There may be provisions for making connections direct to 
the deflecting plates of the CRT instead of having these plates fed from the vertical and horizontal amp-
lifiers. One method is illustrated by Fig. 84-12. A double- pole, double-throw switch is connected from its 
rotors to the two vertical deflecting plates. With the switch moved to one position the deflecting plates are 
connected as usual to the output of the vertical amplifier tubes. In the other position the plates are con-
nected to two external terminals ((mown as marked) for plates 3 and 4, which are the two employed for ver-
tical deflection in many CRT tubes. Another double-pole, double-throw switch may be similarly connected 
for the horizontal deflecting plates, the horizontal amplifier tubes, and an additional pair of external ter-
minals. Connections and switching for direct inputs often are at the rear of the oscilloscope, to avoid run-
ning long leads to the front panel. 

With a direct connection, the distance the beam is moved by any given applied voltage is proportional to 
the deflection factor of the CRT, in volts per inch per kilovolt on the anode, and depends on the type of tu-
be. With most oscilloscopes it takes anywhere from 15 to 30 r-m-s volts per inch of deflection. The leads 
which bring any external voltage to the plate terminals of the oscilloscope will usually connect right through 
to the centering controls and the high-voltage filter and voltage divider system of the scope. Consequently, 
it nearly always is essential to connect a blocking capacitor in series between the external lead and ter-
minal. For low frequencies the blocking capacitance should be 0.25 mf or more, but may be proportionately 
smaller for high frequencies while still interposing small reactance. With most oscilloscopes the potential 
of the deflecting plates is close enough to ground or chassis potential so that the blocking capacitor need 
be rated at no more than 400 volts. 

The CRT itself has an almost flat frequencyresponse to possibly 100 megacycles.With direc:connection 
to the deflecting plates the limited frequency response of the amplifiers no longer has any effect and, in 
theory, the trace should follow the applied voltage with no frequency discrimination. Actually there is con-
siderable capacitance and inductance in the internal parts of the high-voltage supply that remain connected 
to the plates, and there will be capacitance and inductance in any leads which bring the observed voltage 
to the plates. Consequently, the actual frequency response is far from unlimited in scopes of ordinary con-
struction, although usually it is much higher with a direct connection, than through the amplifiers. 

WAVEFORM OBSERVATIONS. When working on parts cf a television receiver from the antenna through 
the video amplifier we are chiefly interested in frequency responses, or in the variation of gain with fre-
quency, and are not interested in waveforms. From the vides detector, through the sync and sweep sections, 
to the deflection system of the picture tube, we are chiefly interested in waveforms and in peak-to-peak 
voltages. Here it is necessary to employ the oscilloscope. 

Waveforms in all circuits between the outputs of the sweep oscillators and the deflection elements may 
be observed with no received television signal. To have waveforms between the video detector and sweep 
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Fig. 84-13. With three cycles on the screen the center cycle may be examined in all its parts. 

oscillators it is necessary to have a television signal, and it is just as well to have a received signal for 
all observations. With the oscilloscope connected, the receiver should be turned on and tuned to get the 
best possible picture. Sweep frequency should be made low enough to bring two or three cycles onto the 
screen at one time. This would mean two or three horizontal line periods, or two or three vertical field 
periods. This allows at least one of the periods or cycles to be observed without getting it too close to 
the edge of the screen. The center sawtooth cycle of Fig. 84-13 is easily examined. 

A 30-cycle sweep will bring two vertical fields onto the screen, and a 20-cycle sweep will bring three 
fields. A sweep of 7,875 cycles will show two line periods, and 5,250 cycles will show three lines. The 
procedure is to adjust the sweep frequency controls for something near whichever of these frequencies you 
intend to use, then adjust the vernier frequency control and the sync amplitude control for a stationary 
trace. 

The observed waveform from the detector shouid be very nearly that of the standard composite television 
signal. There is some slight variation between signals from different stations. The amplitude of this signal 
is altered by adjustment of the contrast control of the receiver, and if contrast is set too high the waveform 
will be distorted on the screen of the scope. 

CURRENT WAVEFORMS. In a circuit containing appreciable inductance, capacitance, or both, the cur-
rent waves and voltage waves will not be of the same form unless we have the condition ofresonaace.Con-
sequently, it may be desirable or necessary to observe the current waveform as well as the voltage wave-
form. The amplifiers and the CRT itself of the scope are actuated by changes of voltage, not of current, so 
it is necessary to obtain a voltage waveform which follows the current. 

This is done as illustrated by Fig. 84-14. Any lead or connections carrying the current to be observed is 
opened, then is reconnected with a resistor in series. The vertical input of the scope is connected across 
the resistor. The ground terminal of the scope must not be grounded,but connected onlyto the resistor. The 
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Fig. 84-14. Connections for observing a current waveform. 

changes of voltage across the resistor, which are the same as changes of current, go to the scope and are 
shown by a trace on the screen. The resistor must be carbon or composition, and of the least resistance 
which will give a voltage drop measurable on the scope.The needed resistance becomes smaller with great-
er currents and with increased sensitivity of the scope. One to ten ohms often is enough. 

PEAK VOLTAGES. Service manuals issued by television manufacturers often contain pictures of typical 
waveforms with notations of the peak-to-peak voltage of each waveform for a receiver in good operating 
condition. As a rule the waveforms are not symmetrical abGve and below zero,and because of this the peak 
values cannot be measured by either a moving coil rectifier voltmeter or a vacuum tube voltmeter. These 

Fig. 84-15. There is no definite relation or factor between peak-to-peak and r-m-s voltages of a waveform 
such as this. 
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11111111 
Fig. 84-16. The voltage or potential difference between any parta of this wave may be measured when 

necessary. 

meters read effective or r-m-e values of alternating voltages. The peak value of a sine wave is equal to 
1.414 times the r-m-s value, and the peak-to-peak value from maximum negative to maximum positive is 
equal to 2.828 times the r-m-s value. But now we are not concerned with sine waves. The peak-to-peak vol-
tage of a wave such as shown in Fig. 84-15 would be more than 10 times its effective or r-m-s voltage as 
indicated by a meter. 

Sometimes we wish to measure the rise or fall of voltage occuring in some one part of a wave. For in-
stance, in looking for trouble in a television sweep oscillator circuit we might wish to know the charge 
voltage represented by the gradual upward slopes of the complex wave in Fig. 84-16. There would be no 
way of measuring it with a voltmeter, because the remainder of the wave would affect the reading. 

Peak-to-peak voltages may be measured by comparison as shown in Fig. 84-17. As in diagram /, adjust 
the attenuator or gain control of the scope to make the trace of observed voltage of some height easily no-
ted, such as exactly 1 inch, exactly 2 incaes, or something like that. It is convenient to use a cross ruled 
graph scale. Disconnect the observed voltage from the vertical input cable, without altering the attenuator 
or gain control. 

Next, as in diagram 2, connect the vertical input cable to a source of adjustable sine wave voltage a-
cross which is connected an a-c voltmeter. Adjust this voltage to make the trace of the same heignt as be-
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Fig. 84-17. Connections for measuring peak-to-peak End other voltages in a wave by comparison or by 
calibration of the gain control. 

fore, still without toucling the vertical gain control. Read the voltmeter and multiply the indicated voltage 
by 2.828 or 2.83. The product is the peak-to-peak voltage of the wave first observed. 

Peak-to-peak voltages may be measured also by suitably calibrating the oscilloscope gain control. Make 
connections first as shown in diagram 2 of Fig. 84-17. Adjust the voltage to get a reading of 3.54 volts on 
the voltmeter. Adjust the vertical gain control of the scope to make the trace just 1 inch high. The scope 
now is calibrated for reading peak voltages in the ratio of 10 volts per inch of height, since 3.54 volts on 
the meter multiplied by 2.828 equals 10 volts peak-to- peak. The calibration is destroyed as soon as the 
gain control is moved. 

Approximately correct peak-to-peak measurements may be made if you use the method just described to 
determine the volts per inch of trace height for many settings of the gain control and then draw a curve or 
graph relating heights to volts. When making any measurements of trace heights it is convenient to turn the 
horizontal gain control to zero and lower the intensity to prevent too bright a trace. This changes the trace 
to a thin vertical line which is easily measured. 

If you have no means for adjusting the value of an external sine wave voltage it is possible to apply any 
known voltage to the vertical input and multiply this vo?tage by 2.828 to find the corresponding peak-to-
peak value. Then the vertical gain control may be adjusted to give a trace height proportional to peak vol-
tage.For example,assume that you take 6.3 a-c volts from a heater circuit or from a 6.3 volt terminal found 
on some oscilloscopes. Multiplying by 2.828 gives approximately 17.8 peak-to- peak volts.The vertical gain 
control then may be adjusted to make the trace 1.78 inches high. This calibrates tlíe scope for 10 volts per 
inch of peak-to-peak volts — so long as the vertical gain control is not disturbed. 

The methods of comparison and calibration for reading peak-to-peak volts hold good only through the 
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range of frequencies in which the scope has flat vertical response. For higher frequencies it would be ne-
cessary to compare or calibrate with a sine wave voltage of nearly the observed frequency. Some r-f signal 
generators deliver fairly sinusoidal waveforms and some vacuum tube voltmeters have fairly constant fre-
quencyresponse up to something between 10 and 20 megacycles. If such a generator and voltmeter are used 
in the system of diagram 2 in Fig. 84-17 it is possible to make useful measurements well beyond the flat 
of the scope, since the vertical amplifier of the scope then is working at about the same frequency for the 
observed voltage and the comparison or calibration voltage. 
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TELEVISION ALIGNMENT 

k-- The processes of aligning a television receiver consists of adjusting all the tuned amplifier circuits 
to resonance at certain frequencies. The frequencies to which the various circuits are aligned or tuned 
are those which allow necessary gains throughout the ranges of carrier frequencies, video intermediate 
frequencies, and sound intermediate frequencies. Since these are the three frequency ranges to be con-
sidered, it follows that our alignment operations may be grouped in three general classes. 

First, to handle the carrier frequencies in the several channels, we align the tuner section which in-
cludes the r-f amplifier, the r-f oscillator, and the mixer. Second, to correctly handle the video inter-
mediate frequencies we align or tune the video i-f amplifier coupling circuits when there is a split sound 
system, or align what we have called the television i-f amplifier circuits when there is intercarrier sound. 
Third, to handle the sound intermediate frequencies we align the sound takeoff, the sound i-f amplifier, 

and the demodulator circuits. 

If a receiver is incorrectly aligned, nothing will help it more than doing a first class alignment job. If 
the receiver is coyrectly aligned to begin with, nothing can do much more harm than fooling with the 
alignment adjustments. If a receiver has been working satisfactorily until something suddenly goes 

wrong, there is very little chance that the trouble is misalignment. 

Before touching the alignment of any receiver which has been operating, you should make the following 
checks. Examine the antenna, the transmission line, and all their connections. Tune the set to different 
channels; there may be trouble with the signal in one channel. Try adjusting all the controls on the front 
panel; possibly the operator doesn't know how to use them correctly. Examine all the tubes. If any 
glass-envelope tube shows no glow from its heater, or if any metal-envelope tube is not hot to the touch, 

replace that tube with one of the same type which you know is good. 

Alignment really may be needed when any parts in any tuned circuit have been replaced, even though 

the new parts are exactly like the originals. Realignment may be required when a tube has been replaced 
in one of the tuned circuits. The set owner or an inexperienced serviceman may have turned some of the 
alignment adjustments. Realignment may be required due to changes of tube characteristics after the 
first few weeks of normal operation. Fixed capacitors and resistors change their values with age and 
long use, but in this case a realignment may hold good for only a short time because the faulty units are 

well along the road to becoming completely bad. 

There are two general methods of alignment, both of which require introducing an r-f signal voltage at 

I liMMOMM.L1 
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Fig. 85-1. The orders or sequences in which sections of television receivers may be aligned. 

the input of the section to be worked on, and measurement of the output as the adjustments proceed. With 
the first method the signal source is an r-f signal generator and the output indicator is a vacuum tube 
voltmeter. With the second method, the signal source or voltage source consists of a sweep generator 
and marker generator, while the output indicator is an oscilloscope. We shall study both methods, but 
first there are a number of preliminary instructions and precautions to be observed no matter how you 
handle the job. 

ORDER OF ALIGNMENT. If the entire receiver is to be aligned, the order in which the sections are 
worked on usually follows the numbering of Fig. 85-1. hen there is an intercarrier sound system we 
usually commence with the i-f amplifier, then go to the sound takeoff and demodulator. Usually there is 

only a single amplifier tube in between, with its grid input tuned by the takeoff and its plate circuit by 
the demodulator transformer primary. The final steps would be in the tuner. 

With a split or dual channel sound system the sound demodulator is aligned first, then the i-f amplifier 
and limiter are aligned to match the demodulator, and the takeoff, if tunable, is adjusted to suit ürie i-f 
amplifier. It is practicable also to commence with the i-f amplifier and limiter, then go to the takeoff, and 
next to the demodulator. 

If there is no sound or poor sound, but a good picture, only the sound section would be aligned. Ob-
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viously the tuner and video i-f amplifier must be performing well. If there is a poor picture, but good 
sound, the video i-f amplifier should be given attention first. Next would come the tuner. The sound 
section should not be changed. If there is a poor picture and sound on only one channel, the tuner should 
be checked first, since both the video i-f and sound sections must be working satisfactorily to give good 
pictures and sound on the other channels. 

TRANSFORMERLESS RECEIVERS. The ground terminals of signal generators, sweep generators, and 

( 4 
scilloscopes used during alignment ordinarily are connected together to equalize the potentials between 

all the instrument chassis and housings, and thus reduce any stray fields and undesired couplings. When 
working with power transformer type receivers the instrument ground connections can be made directly to 
the receiver chassis. 

aWhen working on transformerless receivers the chassis probably is hot, or may be made so if the plug 
of the power cord is inserted one way in the line receptacle. Should test instrument grounds be connected 
to a hot chassis it would be entirely possible to apply the full line voltage to the attenuators of most 
generators and of many oscilloscopes. Many attenuators are of low resistance, and the resulting current 
from the line would burn them out. Therefore, it is a safe rule never to make a direct conductive con-
nection from the ground terminal of any instrument to a transforrnerless chassis, unless an isolation trans-
former is connected between the power line receptacle and the power cord plug of the receiver. 
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Fig. 85-2. Grounding and bonding connections for test instruments and receiver. 
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An isolation transformer is simply a power type transformer having a 1- to-1 voltage ratio and having 
its primary and secondary winding insulated from each other. The power rating of the transformer should 

be ample for any receiver likely to be handled, which would mean a minimum rating of 200 watts. If no 
such transformer is available, the next best thing is to make a grounding connection between instruments 
and receiver through a fixed capacitor of about 0.25 mf, rated at 250 volts or more. The reactance of such 
a capacitor at 60 cycles is about 10,700 ohms, which, at 117 a-c volts would limit the current to about 11 
ma. 

GROUNDING. When you connect any test instrument to any receiver other than a transformerless type 
one side of the signal circuit under test, and one side of the output circuit are completed through shielded 
test cables or leads. The other sides of these circuits ordinarily are completed through chassis metal 
of the receiver and instruments, or through the chassis grounds. Unless all the grounds are bonded to-
gether through conductors of low resistance the differences between r-f potentials in the various ground 

conductors will be enough to cause electrostatic fields which induce unwanted emf's in the circuits of the 
receiver. This may completely upset the normal performance and make your adjustments of little avail. 

A method of bonding the grounds is illustrated by Fig. 85-2. All the test instruments are set on a metal-

covered shelf above the work bench. Connections are made to the metal covering from at least one ground 
terminal of every instrument except the VTVM. The VTVM should be kept insulated from the metal cover-
ing, because in many tests its high-side and ground terminals both will be connected to points in the 
receiver circuits that are not grounded to the chassis. The metal covering of the instrument shelf should 
be connected to at least two well-separated places on the chassis of the receiver being handled. Often-
times the work bench as well as the instrument shelf is covered with metal, but then something like a 
piece of fibreboard will have to be used over the bench when working on transformerless receivers. With 
such receivers the ground connections from the instrument shelf may be made to B-minus points in the 
receiver. The shelf covering is preferably non-magnetic, being of aluminum, brass, or copper in most 
cases. 

Make all the ground connections before making the high-side connections. After the receiver and in-
struments are turned on and have had time to warm up, make any settings which produce some kind of 
steady output indication. Then touch the chassis of the receiver, the housings of all the instruments, and 
the metal coverings with your hand. If this causes any change of the output indication, the grounding is 

not sufficient or is connected to the wrong points on the receiver. Add more grounds or shift the original 
ones so that you do not affect the indications. 

Any grounded shields which are on the tuner, any of the tubes, or any of the interstage couplers of the 
receiver should remain in place during alignment. Adjustments made without the shields will not hold 
good in normal operation. 

SIGNAL INPUTS. Signal voltages from the generators used in alignment ordinarily are applied to the 
grid of one of the tubes in the receiver. To prevent short circuiting the grid bias voltage through the 
output circuit or attenuator of the generator it is necessary to use a fixed capacitor in series with the 
high-side lead to the grid. The capacitor should be a mica or ceramic type, usually of 20 to 100 mmf 
capacitance, although there is no objection to using larger sizes. 

As shown by Fig. 85-3, the bias isolating capacitor may be fitted with an all-copper or bronze spring 
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Fig. 85-3. Spring clips and rubber insulators are used with the fixed capacitors which prevent shorting 
the grid biases during alignment. 

clip on one pigtail. The other pigtail is cut down to about a quarter inch, or is left somewhat longer 
and protected with a piece of spaghetti to leave about a quarter inch of bare metal exposed. A soft 
rubber insulating cover should be arranged to almost completely enclose the metal of the clip after the 

clip is attached to a grid connection, so that there is no possibility of shorting to nearby exposed con-

Fig. 85-4. Methods of feeding generator signal voltage to the elements of tubes from points on top of the 

chassis. 
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ductors. A spring clip on the end of the instrument cable then is attached to the exposed pigtail of the 
capacitor. This cable clip should be protected with another rubber insulator if there is any chance of 

touching conductors in the receiver. The insulators are removed from the clips in the picture. 

In most receivers it is not difficult to make a connection at the lugs of tube sockets in the i-f and 
sound sections, although sockets in the tuner often are difficult or impossible to reach. When socket 

lugs are difficult or impossible to reach there are a number of ways in which you can connect or couple 
an input signal voltage to a grid or other element of any tube. Some of these methods are illustrated by 

Fig. 85-4. 

The tube at the left has been removed from its socket and a short piece of wire attached to one of the 
base pins. Take about an inch of insulated solid wire, such as hookup wire, and bare one end for about 
a quarter inch and the other end for a little more. Turn the quarter-inch end into a single loop which 
slides tightly onto the selected base pin. With the tube replaced, the insulation on the wire will keep it 
away from chassis and socket metal. Bend the free end up for connection of the clip on the bias isolating 

capacitor. 

On the tube at the center is a metal sleeve which slides down over the glass envelope to nearly sur-
round the internal elements. The clip on the end of the signal generator cable is attached directly to the 
sleeve. There is no need for a bias isolating capacitor, since there is capacitive coupling from the sleeve 
to the tube elements, with the envelope and internal vacuum acting as dielectric. This capacitance is 
small, and it calls for a stronger signal voltage than when making connection through the usual capacitor. 
You can bend one of these coupling sleeves from any small, thin piece of aluminum or brass. 

A close fitting tube shield may be used similarly to the metal sleeve. The shield must fit tightly 

enough or else it must be supported so that there is no contact with chassis metal. 

The tube at the right in Fig. 85-4 has been removed from its socket, fitted into a test adapter, and the 
adapter put into the socket. For each element of the tube there is a small projecting pin on the side of 
the adapter, to which the bias isolating capacitor may be clipped. We looked at one of these adapters in 

another lesson. 

A number of receivers are constructed with alignment test jacks or terminals which are connectedunder-

neath the chassis to points at which test signals should be applied, and to other points from which the 
output voltages should be taken. These test terminals are a great convenience for servicing. 

GAlways keep the high-side and ground connections from the signal generator cable as close together 
as possible when making connections to receiver circuits. This prevents the signal voltages from going 

through any more of the chassis metal than absolutely necessary. 

() OVERRIDING OF AGC VOLTAGE. The actual frequency response of a video i-f amplifier or of an i-f 

amplifier and tuner together might be badly peaked, as at 1 in Fig. 85-5. Yet during alignment with a 
signal generator and any kind of output indicator the peaks might be absent, to leave an apparent response 
such as at 2. This will happen when the receiver has an automatic gain control system acting on tubes 

in the aligned circuits, and when you use a rather strong signal input from the generator. The agc system 
acts as it should act, and pulls down the peaks of amplification. 
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Fig. 85-5. Peaking may be disguised by action of the automatic gain control (left). Connections for over-

riding the agc voltage (right). 

To prevent this action during alignment you may keep the signal generator output so low at all times 
that it does not cause the agc system to operate. If you are working with an oscilloscope for output indi-
cator, and watching the response curve, the generator output must be kept low enough so that a slight 
increase or a slight decrease of output will not affect the form of the curve. These output changes will 
make the entire curve slightly higher or lower, but there must be no change in shape - no peaks should 
be added and none should disappear. 

Without an oscilloscope it is difficult to determine whether or not the agc system is acting on the re-
sponse, and no matter what kind of output indicator is used it is rather difficult to work with a very weak 
output from the signal generator. To eliminate these troubles, it is much easier to replace the variable 
age bias voltage with a fixed bias voltage while aligning the receiver. This is called overriding the 
automatic gain control. 

The method most often used for overriding the agc is illustrated at the right in Fig. 85-5. One or more 
dry cells are connected between the agc bus and ground or B-minus, with the negative side of the cell 
or cells clipped to the agc bus and the positive side to ground or B-minus. A 3-volt override, with two 
cells in series, usually is about right. In localities where television signals are weak, and agc voltage 
seldom rises very high, a single dry cell may be used. Then the signal generator output must be kept 
weak, to match the television signal strength. Where received signals are very strong you may use three 
dry cells, for a 4'4-volt override. 

If the amplifier tubes have cathode bias, as in Fig. 85-5, or have a fixed minimum bias, it may be suf-
ficient to temporarily connect the agc bus to ground or B-minus and rely on the minimum bias while keep-
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ing the signal generator output very weak. If there is a separate agc rectifier or amplifier tube, none of 
whose sections perform any other function, it usually is advisable to remove this tube while substituting 
the battery bias during alignment. 

PICTURE TUBE REMOVAL. There are a number of receivers with which the picture tube must be 

disconnected from the chassis to allow removal of the chassis from its cabinet or to allow getting at the 
alignment adjustments. Since the VTV(11, or an oscilloscope, will be used for alignment indications there 
is no particular need for having the picture tube in operation. With the picture tube removed you must 
carefully insulate the end of the high-voltage cable which normally connects to the anode, or else cut 
off the high voltage. The high voltage may be cut off in most sets by removing the high-voltage rectifier 
tube, or, with an r-f type of high-voltage power supply, by removing the oscillator tube. If the receiver is 
a transformerless type, removal of any tube will cut off the heater voltage to other tubes. ith the picture 
tube disconnected, the two heater recesses in the socket for this tube may be connected together through 
a 10- or 12-ohm resistor of not less than 5-watt power rating. 

II 

Fig. 85-6. Various types of screw drivers which Fig. 85-7. Socket and alligator wrenches 

may be used for alignment adjustments. designed especially for alignment work. 
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If the speaker has a field coil connected into the low-voltage power supply filter, disconnecting the 
speaker will cut off all 13 voltage to amplifiers and other tubes. In this case it usually is possible to 
extend and reconnect the speaker leads. Otherwise you may temporarily substitute a fixed resistor of the 
same resistance as the d-c resistance of the speaker field coil. The substitute resistor should have a 
power rating of not less than 5 watts, and 10 watts will be better. 

ALIGNMENT TOOLS. Movable cores in tuning inductors and trimmer capacitors used for tuning adjust-
ments usually are provided with screw driver slots, although sometimes they may have threaded studs 
fitted with small hexagon heads which are turned when making adjustments. The screwdrivers used for 
slot adjustments or the socket wrenches used for hex head adjustments in the tuner section should have 
no metal of any kind in their construction. For adjustments in the i-f , sync, and sweep sections the screw 
drivers or wrenches may have metal tips, but the shafts and handles should be of insulating material. 
Small metal-bladed screw drivers often are used for adjustments in these latter sections of the receiver, 
but it is not good practice. 

There is available from radio and television supply houses an exceedingly great variety of special 
alignment tools. A few of the screw drivers are illustrated by Fig. 85-6. The three at the left have no 
metal in their construction. They are made entirely of hard fibre or plastic materials. The four screw 
drivers at the right have small metal tips set into shafts of fibre or plastic material, with the exception of 
the center tool, which has a metal tip only at the top. The very long screw driver at the left is useful for 
reaching such things as r-f oscillator slugs in tuners which are set well back into the chassis. The short 
screw drivers at the right may be needed when the adjusters are in cramped spaces. 

At the left in Fig. 85-7 is a tool having a socket wrench of the "small hex" size at the top and one of 
the "large hex" size at the bottom. The next tool has a small hex socket at the top and a screw driver 
tip at the bottom. Next is another tool with a small hex socket at the top, but this one has an alligator 
wrench at the bottom. The alligator will catch onto nuts or screw heads of various diameters. The tool 
at the right has a recessed screw driver at the top and an ordinary open tip at the bottom. There is a 
recessed screw driver tip also at the upper end of the tool third from the right in Fig. 85-6. The recessed 
tips do not readily slip off the slotted ends of adjustment studs which are in difficult places. 

At the left in Fig. 85-8 is a prod having a point at the top and a metal hood at the bottom. Such tools 
are used for pushing wires out of the way or for catching wires that have to be lifted out of the way. 

The two tools at the right in Fig. 85-8 are "tuning wands". A tuning wand consists of a piece of in-
sulation holding a small piece of brass or bronze in one end and a small cylinder of powdered iron in the 
other end. Bringing the iron end of the wand near either end of the coil or inductor in a resonant circuit 
that is in operation adds to the inductance, therefore lowers the resonant frequency. Bringing the other, 
non-magnetic, end of the wand toward the inductor decreases the effective inductance and raises the 
resonant frequency. 

The tuning wand is used to determine whether an adjustment should be altered to increase or decrease 

the inductance in an active tuned circuit before the adjustment actually is altered. If bringing the powder-
ed iron end of the wand near the inductor gives more nearly the results you are after, the circuit needs 
more inductance and should be aligned accordingly. If the non-magnetic end improves the performance it 
means that the circuit has too much inductance, and the adjustment should be altered accordingly. If both 
ends make matters worse, the alignment already is correct. 
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Fig. 85-8. A handy type of prod (left) and two tuning wands (right). 

So far as change of resonant frequency is concerned, more inductance acts just like more capacitance, 
while less inductance acts the same as less capacitance. Then we may say that an improvement in per-
formance with the iron end of the wand brought toward the coil means that the alignment adjustment should 
be changed to provide either more inductance or more capacitance. The appropriate alignment adjustment 
may be made with a movable core for inductance or a trimmer capacitor for capacitance, depending on how 
the circuit parts are constructed. An improvement in performance with the brass end of the wand brought 
toward the coil indicates the need for less inductance, by turning a slug farther out of its winding, or the 
need for less capacitance, by opening a trimmer capacitor. 

Some wands have rigid shafts. The two illustrated have flexible shafts. You can make your own wand 
with a length of spaghetti for a flexible shaft, with a brass screw turned securely into one end, and with a 
small movable core from a discarded tuning inductor screwed into the other end. Insulate the exposed 
metals with two or three wrappings of Scotch tape. A ready-made wand sells for less than a dollar. You 
can make your own non-metallic screw drivers by filing to shape a fibre rod or a piece of some hard in-
sulating material, like Bakelite. A small metal tip may be inserted by making a hack saw cut and wedging 
into it any small piece of steel. 
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Fig. 85-9. Two orders of resonant frequencies used in interstage couplers of i-f amplifiers. 

ALIGNING THE I-F AMPLIFIER. Now we may proceed to align the i-f amplifier system of a television 
receiver by using an r-f signal generator as the source of intermediate frequencies and a vacuum tube 
voltmeter as the output indicator. The frequencies used will vary with the make and model of receiver 
handled, but the general procedure is the same whether we have a stagger tuned amplifier, as represented 
at the top of Fig. 85-9, or one with all couplers tuned to different frequencies, as in the lower diagram. 
The general procedure is the same also whether there is intercarrier soma or dual sound. 

The preliminary steps are as follows. 

1. Override the agc voltage, if the receiver employs an agc system. Methods of doing this have al-

ready been explained. 

2. It is a good idea, although not absolutely necessary, to disable the r-f oscillator during i-f align-
ment. The oscillator is not needed, since all the intermediate frequencies to be used will be furnished by 

the signal generator, not by beating of frequencies from the r-f oscillator and r-f amplifier. The presence 
of oscillator frequencies can only confuse the results. 

If the r-f oscillator is a separate tube, and all heaters are in parallel, simply remove this tube from its 
socket. If the oscillator is combined with the mixer in a single tube, or if the receiver has series heaters, 
the oscillator cannot be removed. Then it may be disabled by connecting a capacitor of about 0.001 mf 

from the oscillator grid or plate to chassis ground or to B-minus. 

3. Disconnect the antenna. This is expecially necessary if you do not disable the r-f oscillator. 
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Fig. 85-10. Connections of the signal generator and the vacuum tube voltmeter for i-f amplifier alignment. 

4. Set the channel selector to the highest channel that is not assigned to any station within your 
re—Jiving range. 

5. Set the contrast control at about mid-position. This control must not be set so high that pictures 
or patterns would be distorted during normal operation. A low setting is safer than a high one. 

6. Turn the brightness control to minimum, or nearly there. This prevents electron beams so strong 
as might damage the picture tube screen. 

Instrument connections are shown by Fig. 85-10. The high-side, or signal lead, in the cable from the 
signal generator is connected to the mixer grid through a bias isolating capacitor I, or without the capaci-
tor to a ring slipped over the outside of the mixer tube. The ground lead of the generator cable is con-
nected to chassis metal or to a B-minus point as close as convenient to the mixer grid connection. It 
may be more convenient to connect the signal generator to the antenna terminals of the receiver, using a 
fixed resistor of 100 to 150 ohms in series with each cable lead. As a rule enough signal strength at the 
intermediate frequencies will get through the r-f amplifier and mixer stages to serve our purposes. 

If the signal generator allows audio modulation of its r-f output, turn off the modulation and use only 
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unmodulated signal voltages. After connecting the generator, turn its attenuator or output control to 
minimum until we are ready to proceed. 

9 The VTVM is connected across the video detector load resistor. Adjust or use the VTVM as for mea-
suring d-c voltages, not for a-c voltages. Connect the d-c voltage lead, or the high-side lead, to the top 
of the detector load resistor directly, not with a series capacitor. Connect the ground lead of the VTVM 
to chassis ground, to a B-minus point, or directly to the low side of the load resistor, according to how 
the receiver is wired. If the low side of the detector load resistor is grounded, connect the VTVM ground 
lead to chassis ground. If the receiver is a transformerless type, connect the VTVM ground clip to a B-
minus point. If the low side of the load resistor goes to some negative biasing voltage for the video amp-
lifier, connect the ground side of the VTVM to the low side of the load resistor, and make sure that the 
housing of the VTVM is not grounded to your instrument shelf. 

The VTVM function selector will later be set at positive or at negative d-c volts, whichever gives an 
up-scale reading. Always use the lowest voltage range or scale. As the work proceeds, the output of 
the signal generator must be reduced to keep the meter readings within this range. Never use a higher 
voltage range, for if this is needed, you are feeding in such a strong signal as to cause distortion in 
the amplifier. 

In case the detector load resistor is connected to a biasing voltage for the following video amplifier, 
and you cannot conveniently connect the VTVM ground to the low end of the resistor, the meter will read 
up scale even with no signal input. Use the zero adjustment control of the VTVM to bring the reading 
down to zero, or to any easily noted scale division which will become the reference zero while making 
alignment adjustments. 

With all the connections completed, turn on the receiver and the signal generator. Let them warm up 
for at least 15 minutes, and preferably longer, before commencing to make adjustments. This warmup 
period is absolutely necessary to allow stabilization of the generator frequency and the receiver resonant 
frequencies. 

After the warmup period adjust the signal generator for the precise frequency at which the i-f coupler 
just ahead of the video detector is to be aligned. This would be coupler A of Fig. 85-10. Adjust the 
generator output or attenuator until there is any low reading on the VTVM. Now carefully adjust the 
movable core or trimmer capacitor of coupler A to get the highest possible reading on the meter. Turn the 
coupler adjustment back and forth through the position for maximum reading, to make certain that your 
final setting is the best possible. 

If there is any other coupler to align for the same frequency, do not alter the signal generator frequency, 
but proceed to adjust or align this other coupler in the same manner, to get the maximum voltage reading 
on the VTVM. Reduce the output of the generator as required to keep the voltage readings well below 
the top of the meter scale. 

Quite likely you now will have aligned couplers A and C because in a three-stage stagger tuned i-f 
amplifier the alternate couplers usually are operated at the same frequency. If this is the case, the next 
step is to adjust the signal generator frequency precisely for the frequency at which coupler B is to oper-
ate, then align this coupler for maximum reading on the VTVM. The voltage indication will usually drop 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 85 — Page 14 

when you change generator frequency, but will come up again as you align coupler B. If there is another 
coupler to be aligned at the same frequency as 13, do not alter the generator frequency but go ahead and 
align this other coupler for maximum VTV‘I reading. 

After all the couplers have been aligned for their operating frequencies, start all over again with coupler 
A and with the generator set for the correct frequency. Go through the whole process the second time. 
The tuning of every coupler has some effect on all the other couplers, for they are coupled through the 
tubes, and every coupler has some effect on the overall response of the amplifier system. If you had an 
oscilloscope available, the next and final step would be to observe the overall response of the i-f ampli-
fier system. 14 shall corne to this later on. 

The procedure just explained works out well and saves time when none of the stages are badly out of 
alignment. If there is a great deal of misalignment you may not be able to get enough signal to the last 
coupler with the generator coupled to the mixer. Then it is in order to follow the method illustrated by 
Fig. 85-11. 

The VTVM is connected across the video detector load resistor Ro as usual, and remains so connected 
during the entire process of alignment. The high-side lead from the signal generator is first coupled to 
the grid of the final i-f amplifier, the one which just precedes the video detector. Then the coupler be-

tween this amplifier and the video detector is aligned for maximum reading of the meter at the correct 
frequency. This would be coupler A in Fig. 85-11. 

SIGNAL GENERATOR 

MIXER B+ 

VIDEO 

DETECTOR 

Fig. 85-11. l‘hen the amplifier is far out of adjustment, the signal generator connection is moved back 
stage-by-stage during alignment. 
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Now the high-side lead from the generator is moved back to the grid of next to the last i-f amplifier, 

as. shown by one of the broken-line connections. Connections to the VTVM remain unchanged. Coupler B, 
between the last two i-f amplifiers, is aligned at its correct frequency for maximum meter reading. Then 
the generator input is moved back another stage, to the grid of the first i-f amplifier tube, while coupler C 
is aligned to the correct frequency and finally the generator connection is made to the grid of the mixer 
tube while aligning coupler D or the coupler between mixer and first i-f amplifier. 

With this method of bringing in one more i-f stage for each succeeding step in alignment, you have to 
change the signal generator frequency at each step. This frequency always is adjusted for the first coup-
ler following the generator connection, or the first coupler between the generator and the video detector. 
When using this method for coupler frequencies as shown at the bottom of Fig. 85-9 the generator would 
be tuned successively to frequencies of 24.7 mc, 25.7 mc, 22.9 mc, 26.4 mc, and 23.6 mc. 

TRAP ALIGNMENT. In many of the receivers which employ a dual sound system, and in some others, 
there are various trap circuits on the interstage couplers of the video i-f amplifier. One possible arrange-
ment is illustrated by Fig. 85-12. The upward pointing arrows indicate the coupler adjustments used for 
i-f alignment by methods already explained. The downward pointing arrows indicate trap adjustments 
for adjacent sound, adjacent video, and accompanying sound. 

Note that the sound takeoff circuit is here considered as the equivalent of a trap for accompanying 
sound, since it takes out of the i-f amplifier input much of the energy at the sound intermediate frequency 
or at the accompanying sound frequency. This is the center frequency at which the f-m sound system 
operates in a receiver having dual or split sound. 

Trap circuits usually are of high-Q design and construction to attenuate a narrow band of frequencies, 
possibly only 200 to 300 kilocycles. The attenuation may be 15 to 20 db, to reduce the trapped signal 
frequency to something like 1/30 to 1/100 of its untrapped strength. The range of frequencies through 
which an i-f trap may be tuned seldom is more than 2 to 3 mc, so each trap has to be designed for the 
particular frequency that it is to attenuate. 

It is common practice to. adjust or align all the traps before any of the interstage coupler alignment. 
Some technicians prefer adjusting each trap at the same time as the coupler with which it operates. Then, 
in Fig. 85-12, the accompanying sound trap on the cathode of the fourth i-f amplifier would be adjusted 
right after the coupler that immediately precedes the video detector. The next alignment would be of the 
coupler between the third and fourth amplifiers, where there is no trap. Then the coupler between second 
and third amplifiers would be aligned, and immediately afterward the adjacent video trap would be ad-
justed. So the work would proceed until aligning the coupler between mixer and first i-f amplifier, and 
the sound takeoff that is on this coupler. 

Regardless of trap construction or purpose, the adjustment always is made to obtain maximum reduction 
or attenuation of the frequency to be trapped out as indicated by the meter. All the preliminary steps for 
trap adjustment are the same as for coupler alignment. The antenna is disconnected, the channel selector 
is set at the highest unassigned channel, the contrast is set at its normal position, and so on. The VTVM 
is connected across the video detector load resistor and the signal generator is coupled to the mixer grid 
of other tubes as in Figs. 85-10 and 85-11. 
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Fig. 85-12. Typical locations of traps in a video i-f amplifier system. 
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Tune the signal generator precisely to the frequency at which each trap is to be aligned, then adjust 
that trap for minimum reading on the VTVM. As the meter reading drops lower during the adjustment 
process, increase the output from the signal generator enough to get good distinct indications of minimum 
voltage. If two or more traps are to be set at the same frequency, first adjust the one farthest from the 
generator, or nearest the video detector. To have distinct voltage readings for setting this trap it usually 

is necessary to temporarily detune the other trap which is to work at the same frequency. 

After adjusting all the traps, tune the signal generator very slowly through the entire range of fre-
quencies in which the traps operate. Watch the VTVM reading, and at each low voltage note the frequency 

for which the generator then is set. This should be one of the trap frequencies. 

Again check all the trap frequencies after the interstage couplers have been aligned. Every change of 
coupler resonant frequency affects the resonant frequency of the associated trap, and every change of 

trap frequency affects the resonant frequency of the coupler on which this trap acts. 

I-F AMPLIFIER REGENERATION. During alignment of some receivers you will run into the problem 

of regenerative feedbacks that cause excessive peaking, or possible self-oscillation in some of the amp-
lifier circuits. Excessive peaking will cause a picture or pattern to become covered with short black 

streaks about one picture line high and an inch or less long, horizontally across the screen. 

Self-oscillation will cause the pointer of the VTVM to go violently off scale at the high end. The 
raster area of the picture tube will become brilliantly white. The oscillation cannot be stopped by reduc-
ing the signal generator output to zero. You must instantly turn off the power switch or pull the power 

cord plug to save the picture tube. 
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The most common cause for oscillation is getting two adjacent interstage couplers tuned to the same 

or nearly the same frequency while aligning them. Other causes are as follows; 

The contrast control set too high. 

The signal voltage from the generator is too strong. If the generator output control or attenuator won't 
bring the signal low enough, try using a smaller series capacitor between the generator high-side lead 
and the grid of the tube to which it connects. You may gp down to 5 or 10 mmf. 

Grounding and bonding of test instruments and receiver is insufficient, or the bonding cables may have 

to be connected to different places. 

Signal generator leads are of excessive length, or the high-side lead is not shielded, or its shield is 

not connected to grounds at both ends. 

VTVM leads are too long, are placed too close to receiver circuits, are not shielded, or the cable shield 
is not grounded at both ends. Try connecting a fixed capacitor of 0.001 to 0.005 mfd across the lead 

clips at the detector load resistor, or across this resistor, while proceeding with alignment. All this 

applies also when using an oscilloscope as output indicator. 

Receiver wiring for grids, plates, or screens has been shifted to allow regenerative feedbacks, or such 

parts as coupling capacitors and peaking coils have been similarly dressed wrong. 

A tuned cathode trap which is resonant in the i-f range may be the cause. If the trap is not in the 
cathode bias circuit, furnishing the resistance, short circuit the trap with a piece of wire. Otherwise 

short it with a fixed capacitor of about 0.001 mf while making the coupler alignment. 

Decoupling or bypass capacitors in the i-f amplifier circuits may be defective. 

heater decoupling chokes have not been used where they are needed. 

There are various temporary preventatives which may be applied to an i-f amplifier that oscillates. 
First, try overriding the age with a stronger negative voltage, going to as much as 41/2 or 6 volts (3 or 4 
dry cells) while getting a preliminary alignment. Then go back to the lesser bias while completing the 

job. 

Use the alignment method of Fig. 85-11 and detune all the interstage couplers between the signal gene-
rator and the coupler being aligned. Realign these other couplers as you come to them. Instead of de-

tuning the couplers by turning their adjustable cores or trimmer capacitors, you may connect all the grids, 
ahead of the one being aligned, to ground through capacitors of 0.001 mf or through resistors of about 300 
ohms each. Remove these detuning devices as you come to the couplers. 

If the receiver persists in oscillating, even when correctly aligned, it would be possible to make cer-

tain alterations in the design provided you feel competent to undertake such work without too much danger 
of ruining the whole performance. however, oscillation is usually caused by faulty component parts, and 
should be located. It is necessary to locate the stage or stages in which the trouble originates. Try 

detuning each coupler by a small amount, then return its adjustment to the original setting. If one coupler 
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is more effective than others in preventing oscillation, work on that coupler or on the grid circuit of the 
following tube. Another way is to temporarily connect an additional fixed resistor of 10,000 to 20,000 
ohms in series with one i-f amplifier plate circuit after another, or 30,000 to 50,000 ohms in series with 
one screen circuit after another. If doing this to one tube will reduce the oscillation tendency, work on 
that tube or on the tubes input or output couplers. Some of the remedies which may be tried are as follows. 

As at a and a in Fig. 85-13 temporarily connect a fixed resistor of 4,000 to 40,000 ohms across the 
-7 — coupler winding. The less the resistance in ohms, the more effectively oscillation will be suppressed, 

but the lower will be the gain of the stage. If the coupler has two windings, connect the resistor first on 
one side and then on the other, to determine which way prevents oscillation with least loss of gain. As at 
b a small size fixed resistor of 50 to 100 ohms may be connected in series with the grid, right at the grid 
prong of the socket. If there is a bypassed cathode resistor, try using a bypass of less capacitance or 
remove the bypass altogether to obtain a degenerative feedback when plate current becomes excessive at 

the approach of oscillation. 

If the grid return is through a resistor, as at substitutes less resistance at this point. Less resis-
tance will help suppress oscillation, but also will reduce the gain. It is possible, but not probable, that 
adding a heater decoupling choke as at e or both a choke and a capacitor to ground will help matters. 

A cathode trap, as at f, often will prevent oscillation with little loss of gain, but it is rather difficult 
to install. The trap must be tuned to resonance at the frequency of oscillation. This requires measuring 
the resonant frequency by methods explained in other lessons. You may use a mica dielectric screw-
adjusted trimmer capacitor for tuning, or the coil may be made space wound of number 16 or 18 enameled 

copper wire and either compressed or stretched to alter the inductance for tuning. 

It is possible, but again not too probable, that placing a close fitting shield over any one or more of the 
i-f amplifier tubes will prevent oscillation. The shield must make good contact with chassis metal to 

provide effective grounding. 

F 

Fig. 85-13. Remedies for regenerative feedbacks and for oscillation in the i-f amplifier. 
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SWEEP AND MARKER GENERATORS 

Vie know that the ideal form of frequency response in a video i-f amplifier, as nearly as such a response 
can be obtained in practice, is about as shown at 1 in Fig. 86-1. During alignment of interstage couplers 
and traps it would be a great help to see the actual response curve, and watch the changes caused by alter-

ing various adjustments. An actual curve could be plotted by using the signal generator and vacuum tube 
voltmeter. You could tune the generator to many frequencies from somewhat below the sound intermediate 
to well above the video intermediate frequency, say at intervals of a quarter megacycle. The VTVNI would 
indicate the voltage across the video detector load resistor at each of these frequencies. After marking 
all the corresponding voltages and frequencies on graph paper a curve could be drawn through these mark-

ings, which might appear as at 2. 
I 

This would be a slow process. After making one curve it would be necessary to plot many more in order 
to show the effects of alignment adjustments. Instead, we may use a sweep generator to continually vary 

the frequencies throughout any range required. Then the oscilloscope, connected across the video detector 
load resistor, will display the frequency response curve and show instantly the effect of every adjustment 
you make while bringing the curve to the desired shape. By using also a marker generator in connection 
with the sweep generator and oscilloscope it becomes possible to identify the frequency at any and every 

point along the curve being traced on the screen of the oscilloscope. 

Before describing the steps in this method of alignment we must become acquainted with operation of 
the sweep generator and with the requirements for a marker generator. A sweep generator is similar to an 
r-f signal generator, but there are added circuits or parts which cause the frequency of the output voltage 

to continually and smoothly change back and forth through whatever range you select. 

Far instance, when examining a frequency response such as shown by Fig. 86-1, you could adjust the 
sweep generator to continually vary its output frequency from about 2() mc up to 28 mc, then back down to 

mc, again up to 28 mc, and have this sweep continue indefinitely. The change from lowest to highest 
frequency and back to lowest occurs 60 times per second in practically all sweep generators. The sweep 
rate or sweeping frequency is 60 cycles per second. There never is need for varying this sweep rate, and 

it is not adjustable. 

Output frequency from the sweep generator varies as shown at 1 in Fig. 86-2, where it is assumed that 
the sweep range is from 20 to 28 mc. During one period of 1/120 second (which is half of the 60-cycle 
period), the frequency increases from 20 mc to 23 mc. During the following 1/120 second (the second half 
of the 6P-cycle period), the frequency decreases from 28 me to 20 mc. This action continues as long as the 

sweep generator remains turned on. 
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Fig. 86-1. A frequency response curve and how it might be plotted by means of a signal generator and 

vacuum tube voltmeter. 
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Fig. 86-2. The swept frequency varies from minimum to maximum and back again in two periods of 1/120 

second each, or at a 60 cycle rate. 
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1\ hen output voltage from the sweep generator is coupled to the grid of the mixer or to the grid of any 
other tube, just as an ordinary signal generator would be coupled, the i-f amplifier is fed the continually 
varying frequencies. Amplification or gain at each instantaneous frequency depends on the tuning or align-
ment of the interstage couplers. Then the output of the i-f amplifier, as taken from the video detector load 
resistor, varies with the input frequency. 

The sweep generator has adjustments that allow its output frequency to sweep back and forth through 
whatever range may be required. Were the adjustments set for sweeping back and forth between 38 and 50 
mc the action would be as shown at 2 in Fig. 86-2. The sweep rate remains 60 cycles per second no mat-
ter what the range of swept frequencies. 

GThe oscilloscope vertical input is connected across the video detector load resistor, and thus to the 
output of the i-f amplifier. This causes the electron beam in the CRT to be deflected vertically to a dis-
tance proportional to voltage gain of the i-f amplifier system at whatever frequency is coming from the 
sweep generator at a given instant. To observe the response it is necessary totdeflect the beam in the 
CRT across the screen from left to right during a period of 1/120 second, and this must be exactly the 
same 1/120 second in which the sweep generator frequency is changing from 20 to 28 mc. The result, as 
at 1 in Fig. 86-3, is a trace whose height at various points from left to right across the screen is propor-
tional to i-f amplifier gain at the various frequencies. This trace is a curve showing the frequency re-
sponse of the i-f amplifier. 

During the following 1/120 second, represented at 2 in Fig. 86-3, the oscilloscope beam will be de-
flected from right to left at the same spéed with which it formerly traveled from left to right. During this 
same 1/120 second the frequency from the sweep generator is decreasing from 28 mc to 20 mc. Conse-
quently, at any given point along either the forward or reverse trace the applied frequency will be the 
same. Since the frequency is the same, the gain of the amplifier and the height of the traced curve will 
be the same at every point no matter which direction the beam is moving. Due to persistence of vision and 
to persistence in the CRT phosphor, the forward and reverse traces appear as a single curve. 

SWEEP GENERATOR REQUIREMENTS. The range through which the frequencies from the sweep gen-
erator may be varied usually is called the sweep width. We have spoken of one sweep width of 8 mc, from 
20 to 28 mc, and of another width of 12 mc, from 38 to 50 mc as represented in Fig. 86-2. In a video i-f 
amplifier there may be more or less gain from about 11/i mc below the sound intermediate to 3 mc above the 
video intermediate. Therefore, it is necessary to provide for a minimum sweep width of 8 mc for i-f align-
ment. Response through the r-f amplifier and mixer is much wider, and for alignment of tuners it is neces-
sary to have sweep width of at least 12 mc, and preferably 15 mc. If the sweep generator is to be used 
also for alignment of the f-m sound section of television receivers the sweep width should go down to at 
least 3 mc. To summarize, it is desirable to have the sweep width variable from 3 mc, or less, to about 
15 mc. 

G) Sweep width may be thought of as varying from below to above a center frequency. For alignment of 
video i-f amplifiers the center frequencies should be adjustable from at least 20 mc up to nearly 50 mc in 
order to accomodate both the present RTMA standards and the older standards. For tuner alignment the 
center frequency must be variable from below the carriers of channel 2 to above those for channel 13, or 
from about 50 mc up to around 220 mc. For alignment of intercarrier sound it is necessary to have a center 
frequency of t.5 mc. 
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Fig. 86-3. The CRT beam is deflected equally by equal gains as frequency increases and then decreases. 

The sweep generator should be capable of providing a maximum output of about 1/10 volt at all fre-

quencies. This high output is needed when working through only a single stage of an i-f amplifier and 
when working through only the r-f amplifier or the r-f amplifier and mixer for tuner alignment. It is desir-
able to have an effective attenuator or output control. If, however, the sweep generator is as well shielded 
as it should be, and is used with a well shielded output cable, attenuation may be had from a smail capaci-
tance in the grid bias isolation capacitor used in series with the output. high quality generators usually 
include automatic line voltage regulation for maintaining a constant output during a series of tests. 

- Possibly the most important requirement for a sweep generator is an output voltage that is flat, or con-
stant, throughout any sweep width that may be used. If there are even the slightest humps or dips of volt-
age at any of the swept frequencies these variations will be amplified by the receiver stages and will ap-
pear greatly magnified on the trace of the frequency response. If the alignment adjustments are changed to 
reduce or eliminate these variations coming from the sweep generator, the response will be decidedly in-
correct during normal operaticri of the receiver. It is much better to do your alignment work with a vacuum 
tube voltmeter and single-frequency signal generator than with a poorly designed or constructed sweep gen-

erator and oscilloscope. 

As a general rule the voltage output from a sweep generator will be flatter if all the frequencies are 
fundamentals rather than having some formed by harmonics. At least some sweep generators which employ 
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Fig. 86-t. Sweep by means of a revolving 
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Fig. 86-5. Frequency sweep with a reactance 
split stator capacitor. tube. 

harmonics furnish outputs that are too irregular within swept range to be useful for alignment work. 

SWEEPING METHODS. There are many ways in which the output frequency of an oscillator may be 
varied at a rate of 60 cycles per second or at any other rate. In some of the earlier designs, whose ele-
mentary principle is shown by Fig. 86-4, there is a rotary capacitor in the tuned circuit. The capacitor is 
a split stator type with two stator sections and between them or interleaving with them a single rotor mem-
ber which revolves. The rotor is mounted on, or driven by, the shaft of a synchronous motor. This is a 
type of motor that maintains its speed proportional to power line frequency regardless of ordinary changes 
in line voltage or in the driven load. Capacitance of the split stator unit goes through its minimum and 
maximum values twice during each revolution, and thus the frequency of the oscillator is continually varied 
between the highest and lowest values determined by adjustments of a tuning capacitor or a movable core 
in the tuning inductor. 

A method used in many sweep generators employs a reactance tube, as shown in a general way by Fig. 
86-5. The action of this reactance tube is like that of the reactance tube which is a part of some auto-
matic frequency controls for television horizontal sweep oscillators, and which has been described in con-
nection with those oscillators in another lesson. Referring to the present diagram, the grid of the react-
ance tube is fed with an a-c voltage at the 60-cycle power line frequency. This voltage may be taken from 
a heater circuit or from the primary or secondary side of the power transformer in the sweep generator. 

How much the reactance tube varies the effective inductance of the oscillator tuned circuit depends on 
the amplitude of a-c voltage applied to the reactance grid. The greater this amplitude the greater is the 
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Fig. 86-6. Variable permeability method 
of frequency sweep. 
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Fig. 86-7. Sweep by means of speaker and 
vibrating cup or disc. 

variation of oscillator frequency, and the wider is the frequency sweep. The width of sweep is adjusted 
by a rheostat or potentiometer that alters the a-c voltage amplitude on the reactance grid. The oscillator 
may be tuned to some center frequency by capacitor Ct whereupon the output frequency will sweep either 

way from this center value. 

A variable permeability sweep is shown in principle by Fig. 86-6. The tuning coil in the oscillator cir-
cuit is wound on a small core of powdered iron. This small core forms part of the magnetic circuit of a 
much larger "saturable core". On the saturable core is a winding through which is passed a direct or uni-
directional current having a large alternating component which causes the winding current to become alter-
nately of maximum and minimum values, but to remain always in the same direction or polarity. The vary-
ing magnetic flux in the saturable core and the smaller powdered iron core varies the permeability of the 
smaller core so that it alternately has the properties of an iron core to produce large inductance, and very 

nearly an air core to produce small inductance. 

The continually varying inductance in the core of the oscillator winding varies the oscillator frequency 
in relation to any center frequency which is determined by adjustment of a tuning capacitor or capacitors. 
The variation of inductance and of oscillator frequency depends on the strength of the varying direct cur-
rent in the winding of the saturable core, and this current strength is controlled by a rheostat or potenti-
ometer which becomes the control for sweep width. The a-c component of the varying direct current is 
taken from some internal source at the 60-cycle power line frequency. 

Fig. 86-7 shows the principle of a frequency sweep with which the effective inductance of the oscil-
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Fig. 86-8. The speaker unit and the oscillator inductor mounted on an insulating plate for frequency 
sweep. 

lator tuning coil by a non-magnetic cup or disc that is alternately moved close to and farther from the turns 
of the coil. The principal parts used with this system are illustrated by Fig. 86-8-

The oscillator coil or inductor is a flat spiral of wire attached to an insulating plate that is mounted in 
a fixed position. The non-magnetic cup or disc is attached to the cone and thereby to the voice coil of a 
permanent-magnet speaker. Current at 60 cycles, taken from a heater circuit or other internal source, is 
passed through the voice coil. This causes the cone and the attached metal cup or disc to move toward 
and away from the oscillator inductor 60 times per second. Each time the metal approaches the coil there 
is a decrease of effective inductance and an increase of oscillator frequency. As the metal recedes there 
is increase of inductance and a decrease of frequency. 

Oscillator frequency is varied with reference to a center frequency which is determined by an adjustable 
tuning capacitor. The distance through which the speaker cone and the non-magnetic cup vibrate is altered 
by changing the amplitude or strength of alternating current in the voice coil. This is done by a rheostat 
or potentiometer, which is the control for sweep width. 

To provide a wide choice of center frequencies any type of swept oscillator may be used in connection 
with a separate beat oscillator and a mixer tube as shown in the simplified circuit of Fig. 86-9. The fre-
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Fig. 86-9. Frequencies from the swept oscillator and from a beat oscillator produce a swept difference 
frequency in the mixer output. 

quencies from the two oscillators are applied to the grid of the mixer tube, just as the two frequencies from 
an r-f amplifier and r-f oscillator are applied to the mixer grid in any superheterodyne receiver. The mixer 
output contains the sum and difference beat frequencies. The frequencies of the two oscillators are chosen 
of such values that sum frequencies from the mixer are higher than any television band, or it is desirable 
that they be chosen thus. Since the frequency coming from the swept oscillator is varying back and forth 
through the selected sweep width, the difference beat frequency from the mixer will be sweeping back and 
forth through this same width. 

As an example in forming a number of ranges or bands of output frequencies we shall assume that the 
swept oscillator operates at a constant center frequency of 120 mc, and that the beat oscillator is pro-
vided with a set of tuning inductors that allow tuning through several ranges of frequency, all of them 
higher than the center frequency of the swept oscillator. The difference frequencies in the mixer output 
will be the differences between beat oscillator variable frequencies and the center frequency of the swept 
oscillator. 
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Beat Oscillator 

Frequency Range 

Swept Oscillator 
Center Frequency 

Mixer Output 
(difference) 

First i-f range 

Second i-f range 

Low-band carriers 

High-band carriers 

123 to 160 mc 

145 to 180 mc 

172 to 230 mc 

255 to 340 mc 

120 mc 

120 mc 

120 mc 

120 mc 

3 to 40 mc 

25 to 60 mc 

52 to 110 mc 

135 to 220 mc 

SYNCHRONIZED SWEEP. As you will have noticed when examining the various methods of sweeping 

the oscillator frequency it always is done by means of a voltage or current taken at power line frequency 

from the power transformer of the generator. Therefore, the sweeping frequency and the rate of change of 
this frequency will follow the power line frequency, and also the waveform obtained from the power trans-
former. If part of the same voltage or current that controls the frequency sweep is taken from the sweep 

generator and applied to the horizontal input of the oscilloscope, with the oscilloscope panel control set 
to use this input, the electron beam in the CRT will move at the same frequency and in accordance with 

the same waveform as the variations of frequency from the oscillator, 

All this may be done and still the forward and return traces may appear separately, as in Fig. 86-10, in-
stead of superimposed or as a single trace. There will be such offsetting of the forward and return traces 

Fig. 8640. These forward and return traces are not in phase or are not synchronized. 
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Fig. 86-11 Methods of phasing the horizontal deflection voltage for the oscilloscope. 

when the horizontal deflection voltage from sweep generator to oscilloscope is not exactly in phase with 
the variations of frequency from the generator to the vertical input of the oscilloscope. Because of dif-
ferences between inductances, capacitances, and resistances in circuits of the generator, oscillator, and 
circuits from which the horizontal deflecting voltage is obtained, it is not likely that deflection and fre-
quency variations will be in phase. 

(1) To produce a single trace, it is necessary to bring the horizontal deflecting voltage into phase with the 
frequency sweep. This may be done with circuits such as shown by Fig. 86-11. In both diagrams there is 
a phasing control resistance in series with a capacitor C. The a-c voltage across the capacitor is approxi-
mately 90 degrees lagging with reference to current in the capacitor, while voltage across the resistance 
is in phase with current in the resistance and in the capacitor. By varying the resistance of the phasing 
control the voltage going to the horizontal input of the oscilloscope may be varied in phase or in its time 
relation to any other voltage or voltages taken from the same source or taken from within the sweep genera-
tor. The frequency sweep rate is controlled by such a voltage. 

Resistor Ra, when used on a source of approximately 6 volts, usually is about 10,000 ohms. Resistor 
Rb may be anything from 25,000 to 100,000 ohms or more. Capacitance at C may be between 0.002 and 
0.02 rd. The phasing control potentiometer will have total resistance of a half megohm to one megohm in 
most cases. The circuit at 1 will shift the voltage phase either ahead or behind a reference time. It is 
connected to a point in the generator such that the correction compensates for the original undesired phase 
shift. The arrangement at 2 employs a center tapped transformer winding that is not used for any other 
purpose. It will shift the phase either ahead of or behind another reference voltage originating from the 
same building power lines. 
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fig. 86-12. Frequency response curves or traces produced by using the internal sweep of the oscilloscope 
set for 60 cycles ( 1) for 30 cycles ( 2) and for 120 cycles ( 3). 

The phasing control usually is built into the sweep generator, and its output is fed to the horizontal in-
put of the oscilloscope through an external cable. Some oscilloscopes have a phasing control built into 
them. Positions are available on the sync selector switch and possibly on the frequency range switch for 
bringing this control into operation and connecting it to the horizontal amplifier through connections in-
side the scope. A phasing control knob or pointer then appears on the front panel. The control shown at 
2 in Fig. 86-11 could be built into the sweep generator, into the oscilloscope, or as a separate unit. 

('_)..Any method of bringing the sweep of the CRT electron beam into phase with the variations of frequency 
is said to provide a synchronized sweep. Instead of employing a synchronized sweep voltage for the hori-
zontal amplifier of the oscilloscope the internal sweep may be used. With the internal sweep adjusted to 

match the raie of frequency sweep, ordinarily 60 cycles per second, there will be two response curves on 
the screen of the scope, as at 1 in Fig. 86-12. One curve is formed while frequency is decreasing and the 

other is formed while frequency is increasing. This is because the CRT beam travels across the screen 
during 1/60 second, while there are changes of frequency, either up or down, during each 1/120 second. 

The horizontal centering control of the scope may be used to center either of the response curves on 
the screen, which will throw the other one nearly off the screen. Then the horizontal gain control may be 
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used to widen the curve that has been centered. The shape of a response curve thus produced will not be 
exactly the saine as with a synchronized sine-wave sweep, because the sawtooth internal sweep is nearly 
linear while the sine wave is not linear. The difference in shape ordinarily is not enough to cause any 
difficulty in alignment. 

If the internal sweep of the scope is adjusted for 30 cycles per second there will be four response 
curves on the screen, as in diagram 2. If the sweep is set for 120 cycles per second the two response 
curves will appear together, about as shown by diagram 3. Since one curve is formed with frequency going 
up and the other with frequency going down, they cannot be superimposed to form a single trace—the humps 
and dips won't match on the two curves. 

THE ilARKER GENERATOR. Our trace of frequency response would be of little practical use unless 
it were possible to know the exact frequency in megacycles occuring at each and every point along the 
curve. With a response curve such as shown on the oscilloscope at the upper right in Fig. 86-13 we might 

MARKER 
GENERATOR 

SWEEP 
GENERATOR 

SOUND 
IF I 

OSCILLOSCOPE 

SYNCHRONIZED 
SWEEP 
CABLE 

MIXER OR 
I - F AMP. 

VIDEO 
DETECTOR 

I IF 
VIDEO 

Fig. 86-13. Connections for the marker generator, the sweep generator, and the oscilloscope when 
response frequencies are to be identified. 

HORZ. 
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Fig. 86-14. Pips produced on the frequency response trace by action of the marker generator. 

wish to know whether the dip caused by a trap really is at the sound intermediate frequency, and whether a 
point half way up on the high-frequency side of the curve really is at the video intermediate frequency. 

r 
The frequency at any point along the response curve may be. identified by using a marker generator in 

connection with the sweep generator and oscilloscope. While the sweep generator is continually producing 
the whole band of frequencies within which there is amplifier gain, the marker produces only a single con-
stant frequency. The outputs of the sweep generator and marker generator are fed together through isolat-
ing capacitors to the grid of the mixer tnbe or of any other amplifier tube. 

If the frequency from the marker generator is adjusted to fall within the range of frequencies being pro-
duced by the sweep and amplified in the receiver, the sweep frequency will become the same as the marker 
frequency once during the forward trace and again during the return trace. For instance, with the sweep 
frequency varying between 20 and 28 mc, and the marker frequency at 24 mc, every time the sweep goes 
through its 24-mc value the two frequencies will be equal. 

At the instant in which the frequencies from the two generators become equal the generator output volt-
ages will add their amplitudes. The two voltages beat together to produce a large instantaneous amplitude 
which shows up on the trace as illustrated by Fig. 86-11. As the marker generator is tuned through the 
range of swept frequencies the point of extra amplitude, usually called a marker "pip", will move all the 
way across the trace or the response curve. The marker generator may be tuned to bring the pip to any de-
sired position on the response curve. In the picture at the left the marker has been tuned to bring the pip 
about half way up on the high frequency side of the curve, where the video intermediate frequency should 
be. Then, merely by looking at the tuning dial of the marker generator, we may read the frequency at this 
point on the response curve and compare it with the video intermediate frequency at which the amplifier 
should operate. 

In the picture at the right the marker pip has been moved to the peak which is nearest the video inter-
mediate frequency on the response curve. The tuned frequency of the marker then is the frequency at which 
this peak is being formed. During the process of alignment we might work in another way. Say we know 
that the video intermediate frequency should be 25.75 mc. The marker generator is tuned to this frequency, 
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and on the response will appear a pip at 25.75 mc. Then the alignment adjustments are altered to make 
this pip, and its frequency, come about half way up on the high-frequency slope of the response curve. 

The sweep generator and marker generator often are constructed as a single instrument, which may be 
called a television alignment generator. Some instruments do not contain a marker oscillator circuit whose 
voltage combines with the sweep output, but have only a sharply tunable circuit which may be resonated at 
any frequency. When this circuit is coupled to the same point as the sweep output there is absorption of 
r-f energy at the marker frequency. Instead of a pip extending vertically through the response curve there 
appears a "dip", which is a short gap or possibly an actual downward dip in the curve at the frequency to 
which the marker circuit is tuned. 

REQUIREMENTS FOR MARKER GENERATOR. The frequency ranges of the marker generator should 
be the same as those of the sweep generator, namely, 4.5 mc, then 20 to 50 mc, and about 50 to 220 mc or 
higher. 

If used only for a marker, the generator requires only a low maximum output voltage. However, the same 
generator nearly always will be used for alignment of oscillators, for the peak responses of stagger tuned 
i-f stages, for work with the sound amplifiers, and various other uses where the maximum signal voltage 
output should be about the same as that from the sweep generator, or about 0.1 volt. 

The attenuator or output voltage control should be capable of bringing the signal voltage down to only a 
few microvolts. If this cannot be done, much the same effect may be had by using a very small fixed ca-
pacitance between the high-side output lead and the grid or other tube element to which it is connected. 
The output cable always must be shielded and both ends of the shield must be grounded. It is highly im-
portant that the entire marker generator be well shielded by and within its housing. 

Accuracy of frequency markings on the tuning dial is especially important when aligning tuner circuits. 
It should be possible to determine frequencies within 1/5 megacycle for accurate alignment. On channel 
11, where the video carrier is at 199.25 mc, an accuracy of 1/5 megacycle allows an error no greater than 
1/10 of one per cent. For i-f alignment it is desirable, but not quite as essential, to have high accuracy, 
for the following reason. Supposing that the video intermediate frequency is supposed to be 25.75 mc and 
the sound intermediate to be 21.25 mc. If you make an error and adjust the video for 26.00 mc and the 
sound foi 21.50 mc there will be no perceptible difference in performance. With a dual sound system the 
sound intermediate frequency then would become 21.50 mc, and the ratio detector or discriminator would be 
adjusted to operate at this center frequency. The error of 0.25 mc is about 1 per cent of 25.75 mc. 

The marker generator output frequency should show little or no drift after the warmup period. Automatic 
voltage regulation often is used in the generator power supply, and temperature compensating capacitors 
are in the oscillator circuit. 

OSCILLATOR OUTPUT COUPLINGS. When the oscillator of a marker generator or of any other r-f sig-
nal generator is connected or coupled to receiver circuits, there is a tendency for inductances and capaci-
tances in these circuits to alter the oscillator frequency. This, of course, will affect the frequency ac-
curacy and is highly undesirable. In many signal generators you will find an amplifier stage between the 
output of the oscillator and the leads going to the receiver. This is called a buffer amplifier. Its purpose 
is to isolate the oscillator from the externally connected circuits and thereby prevent these circuits from 
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Fig. 86-15. Circuit for an electron coupled oscillator. 

altering the oscillator frequency. A buffer amplifier ordinarily is of an untuned type. 

Another method of isolating the oscillator circuits from externally connected circuits employs an elec-
tron coupled oscillator. This system is applied to a Colpitts oscillator in Fig. 86-15. It may be used with 
any triode oscillator circuit. 

Although the tube is a pentode type the oscillator circuit of Fig. 86-15 really is operating as a triode 
type, as shown by heavy lines. The grid of the tube is used in the usual manner. The screen is used as 
a triode plate, and r-f voltage of the screen is coupled to one end of the tuned circuit through capacitor 
Cc. 

B-voltage is applied to the screen and to the regular plate of the tube through r-f chokes to avoid 
grounding the signal voltages. The plate is operated at a higher voltage than the screen in order to at-
tract electrons from the cathode to the plate. The rate of electron flow and r-f variations of this flow are 
controlled by the screen, acting as the oscillator plate, but the electron flow and r-f current variations con-
tinue through to the regular plate from which the accompanying r-f voltage goes to the output. The sup-
pressor grid is grounded to provide further isolation between the oscillator circuit and the regular plate 
which is part of the output circuit. 

Inductances and capacitances in an externally connected circuit have relatively little effect on the os-
cillator. This is because, in any screen grid tube, changes of voltage on the plate have much less effect 
on electron flow than have changes of voltage on the screen. 

AUDIO hIODULATION. The majority of r-f signal generators, including the marker variety, have pro-
visions for amplitude modulation of the r-f output voltage at an audio frequency. The audio frequency for 
modulation most often is at approximately 400 cycles per second, although sometimes it is at 1,000 cycles, 
or may be variable. The r-f output voltage usually is modulated 30 per cent when this value is not ad-
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Fig. 86-16. One method of applying audio modulation to the output of an r-f oscillator. 

justable. Some generators provide 30 per cent modulation and some other higher percentage, while still 
others allow adjustment of the modulation from zero to nearly 100 per cent or even for over-modulation. 

One method of applying audio modulation to an r-f oscillator in a signal generator is shown by Fig. 
86-16. The audio-frequency oscillator is a triode with feedback from plate to grid through an iron cored 
transformer. The plate winding of this transformer is tuned to the audio frequency by fixed capacitor Ca. 
Viith the switch in position for modulation on, as shown, the grid of the a-f oscillator is connected through 
the grid winding of the feedback transformer to ground and the tube cathode. With the switch in its "off" 
position, the lower end of the grid winding is open circuited and the grid of the tube is connected to ground 
through a resistor. 

Plate current for the r-f oscillator goes from the plate of the r-f oscillator tube through the tuned plate 

winding, the r-f choke, and the a-f oscillator plate winding to B-plus. Consequently, the plate voltage on 
the r-f oscillator is varied at the audio rate in the audio feedback transformer, and the r-f output is varied 
or modulated at this rate or frequency. R-f currents for the r-f oscillator plate circuit are kept out of the 

audio circuit by the r-f choke, but pass to the variable tuning capacitor to complete the tuned circuit 
through a large capacitance at Cb. 

Instead of applying the modulating voltage to the plate of the r-f oscillator it may be applied to the 
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Fig. 86-17. A quartz crystal as it appears in one type of holder and when disassembled. 

screen when this oscillator is a pentode. With electron coupled r-f oscillators the suppressor element may 
be coupled through a transformer winding or through a capacitor to the audio oscillator circuit instead of 
being grounded as in Fig. 86-15. 
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CRYSTAL FREQUENCY CONTROL. By far the most accurate and dependable means for obtaining a 
precise and constant frequency is to use a "piezo-electric" crystal, which is simply a small, thin piece of 
the mineral quartz which has been ground in a certain manner from the original large mother crystal, and 
made of some very exact thickness. 

A quartz crystal is a highly elastic body. The scientific definition of this elasticity is not that the 
crystal will stretch like a rubber band, but that it will resist mechanical deformation and will quickly re-
cover its original form or size after a stress is relieved. Any elastic body has some natural frequency of 
expansion and contraction or of vibration. If you snap a steel spring it will vibrate at a frequency depend-
ing on its material, dimensions, and shape. When a difference of potential is applied to the opposite flat 
faces of the quartz crystal the crystal will become slightly thicker or thinner, depending on the polarity of 
the applied potentials and on the manner in which the crystal has been formed or cut. 

If the applied potential difference is alternating, and of the same frequency as the natural vibration fre-
quency of the crystal, the crystal will vibrate vigorously at this frequency. 

Now comes the strange part. When a quartz crystal becomes alternately thicker and thinner as it vi-
brates, the crystal produces electric potentials of its own. The potentials on opposite faces are alter-
nating, of opposite polarities or both of zero amplitude at every instant, and they occur at precisely the 
natural frequency of the crystal. 

When the crystal is connected in series with the grid circuit of a tube, and the B-power is turned on, the 
crystal is subjected to a small potential difference. This is enough to start the vibrations. The alter-
nating potential developed by the crystal is amplified in the tube and part of the power from the plate cir-
cuit is fed back to the grid circuit and the crystal. This feedback need be only enough to make up for the 
mechanical power used by expansion and contraction of the crystal. 

The crystal is the electrical equivalent of a series resonant circuit whose resonant frequency is the 
natural frequency of the crystal. The Q-factor of the crystal is much higher than that of any ordinary reso-
nant circuit that could otherwise be constructed, which makes the oscillating frequency almost independent 
of the connected circuits. The crystal forces the oscillator to operate at the frequency for which the crys-
tal is cut, or at some harmonic of this frequency. 

Crystals are supported within some form of holder which allows easy connection to the oscillator cir-
cuits. One of the most common types is shown at the top of Fig. 86-17. Some have banana plug pins in-
stead of the solid form. Holders may be fitted with solder lugs instead of pins. In some cases the holder 
has base pins like those of a standard octal tube, or may have a five-pin base. 

The body of the crystal holder is of insulating material, as at the left in the lower row of pictures in 
Fig. 86-17. Next is the metal cover. At the right of the cover are two metal plates between which the 
crystal is supported, and at the far right is the quartz crystal itself. Some crystals do not require the metal 
plates for transfer of the alternating potentials, but have metallic films deposited on opposite faces of the 
quartz. Because the quartz is an excellent dielectric material the crystal in its holder acts like a capaci-
tor at frequencies removed from resonance. 

The thinner a quartz crystal the higher is its natural frequency, but the greater is the danger of fracture 
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when high potentials are applied in an effort to make the crystal vibrate too violently. Crystals in general 
use for service type signal generators usually have natural or fundamental frequencies no higher than 10 

mc. Since a crystal controlled oscillator may be designed to furnish harmonic frequencies up to the 100th 
and even higher, this is no handicap. The quartz can be cut and ground for fundamental frequencies as 
high as 50 mc, but it seldom is done. 

The circuit most often used for crystal controlled service instruments is the Pierce oscillator circuit, 
of which one application is shown by Fig. 86-18. The entire instrument shown here is a crystal calibrator 
which is used for checking or calibrating the frequency being furnished by a marker generator or any other 
r-f signal generator. 

The crystal controlled oscillator, at the left, is an electron coupled type. The crystal forms the res-
nant grid circuit which controls the operating frequency. The oscillator output goes from the plate of the 
pentode tube through capacitors Ca and Cb to the grid of the mixer tube at the right. The output or part of 
the output from the signal generator to be checked goes through capacitors Cc and Ch to the grid of the 
mixer. The output of the mixer may go to headphones or to an amplifier and speaker. 
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The crystal controlled oscillator will furnish its fundamental frequency and, with a suitable plate impe-
dance at La and possibly some approximate tuning capacitance across this inductor, will furnish strong 
harmonics at least to the 50th and much higher with reasonably good construction in the circuits. Frequen-
cies from the instrument being checked beat with the crystal oscillator fundamental and harmonics. When 
this external frequency is exactly the same as any of these crystal oscillator frequencies there will be 
zero beat in the mixer output. Then the reading of the tuning dial on the instrument being checked is com-
pared with the oscillator (crystal) frequency or a harmonic to determine any error of calibration in the in-
strument being checked. Various plug-in crystals may be used to give harmonic frequencies in the required 
range. 

Crystals may be marked with their fundamental frequency, but oftentimes the marking is of some har-
monic frequency at which the particular crystal may be used or for which it originally was intended. Such 
markings are easily detected by checking for zero beat against such simple fractional frequencies as 1/2, 
1/3, 1/4 or still smaller fractions of the marked frequency until arriving at the lowest frequency of oscil-
lation. This is the fundamental of the crystal. 

The fact that crystal oscillators furnish many harmonic frequencies allows checking and calibration in 
the television carrier ranges. For example, a crystal having a 25.75 mc fundamental will deliver a third 
harmonic which is the video carrier frequency of 77.25 mc for channel 5. A fundamental of 24.156 mc will 
have an eighth harmonic of 193.248 or practically 193.25 mc, which is the video carrier frequency for chan-
nel 10. 

Most crystals of good quality such as used in service instruments have accuracy or plus or minus 0.02 
per cent or 1/50 of one per cent at the standard operating temperature of 25° C. or 770 F. and at tempera-
ture variations down to about 40° F. and up to about 120° F. Operating temperature depends not only on 
that of the air and surrounding parts, but also on the amount of r-f current carried by the crystal. Plate 
voltage on crystal controlled oscillators should be kept as low as allows satisfactory performance or mod-
erately strong outputs, this is to avoid overheating. There will be r-f current in the crystal just as there 
is in the grid circuit of any other self-biased oscillator. 

Do not open the holder of a crystal to see how the oscillations originate. The least particle of dust, or 
the slight oiliness from a slight touch of the fingers may cause serious damage. An inactive crystal usual-
ly is the result of dirt, oil, or moisture getting inside the holder. 
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LESSON NO 87 

ALIGNMENT WITH THE OSCILLOSCOPE 

When aligning an i-f amplifier or other sections of the receiver with an oscilloscope, sweep generator, 
and marker generator, the preliminary steps are the same as when using the vacuum tube voltmeter as 
output indicator. This refers to overriding an automatic gain control, setting the channel selector to an 
unassigned channel and disconnecting the antenna, adjusting the contrast control no higher than its normal 

operation position, and so on. 

Next in order is connection of the test instruments to the receiver and to each other. For aligning the 
i-f amplifier the output of the sweep generator is connected to the grid of the mixer tube through a fixed 
capacitor of something between 100 and 1,000 mmf, or is connected directly to a sleeve slipped over the 
outside of this tube. Connect the output of the marker generator to the mixer grid through a fixed capacitor 
of 5 to 25 mmf, or to the sleeve on the mixer tube through 1,000 mmf or more. Do not connect the outputs 
of the two generators directly together but only through a capacitor, no matter how the outputs are con-

nected to the mixer. 

If the sweep generator provides synchronized sweep voltage, connect the leads from this voltage output 
to the horizontal input and the ground connection of the oscilloscope, and set the scope controls for 
utilizing this horizontal input voltage. Otherwise use the internal 60-cycle sweep of the scope or use 

the regular internal sweep with adjustments for operation at 60 cycles, as described earlier. 

Connect the vertical input of the oscilloscope directly to the high side of the video detector load resis-
tor. Make sure that the ground clips for the cable shields of all the instruments are connected to ground 
or to B-minus, depending on the type of receiver. Do not connect some of the cable grounds to chassis 
ground and others to B-minus, all must go to the same part of the receiver circuits. 

Turn on the receiver and all the test instruments, and let them warm up for a few minutes. Some sort of 
trace should appear on the screen of the oscilloscope if the connections have been coirectly made. The 
center frequency should be adjusted until the center of this hump is near the center of the screen. If the 

initial trace is only a straight horizontal line, adjust the center frequency of the sweep generator until a 

hump appears. 

Try adjusting the attenuator or output control of the sweep generator, it should vary the amplitude of 
the curve. Adjusting the contrast control may also change the amplitude of the curve providing that it 
controls the gain of the video I.F. amplifiers. Next alter the sweep width control of the sweep generator. 

This should make the curve on the oscilloscope screen become wider or narrower in a horizontal direction 
without changing the height. As the curve is thus made narrower the horizontal base lines or zero gain 
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Fig. 87-1. Trace polarity may be positive or negative, and frequency may increase in either direction, 
depending on the instruments and how they are connected. 

lines on both sides will become longer. If the sweep width is reduced enough, the horizontal base lines 
will disappear and the sides or skirts of the curve will come out to the edges of the screen. 

Work back and forth between the various adjustments and controls which have been mentioned until you 
obtain a trace on the general order of those illustrated by Fig. 87-1. 

The curve at 1 was formed with the oscilloscope connected to the top of the video detector load resistor. 
For the curve at 2 the scope was connected to the plate of the first video amplifier. The uolarity has been 
inverted by the amplifier tube, between its grid and plate circuits, but the frequency response is unchang-
ed. At both 1 and 2 the frequency increases from left to right, bringing the sound intermediate on the left 
and the video intermediate on the right side of the curve. 

The curve pictured at 3 was formed with the oscilloscope connection moved back to the videc detector 
load resistor, but with the synchronized sweep voltage changed to make it of opposite phase, in relation to 
the frequency sweep. Now we have the same polarity as at 1, but frequency increases from right to left. 
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This brings the video intermediate frequency at the left and the sound intermediate at the right. For curve 

number 4 the sweep voltage is of opposite phase, as fora , but the oscilloscope was again moved ahead 
to the plate of the first video amplifier. Here the polarity is inverted, and frequency increases from right 

to left. The frequency response remains the same no matter what the polarity of the trace and no matter 
which direction the frequency increases. Any one of these curves can be used in the alignment of the 
video I.F. amplifiers. 

Just how a frequency response curve appears on the screen of the oscilloscope depends on the relations 
of frequency sweep and horizontal deflection voltage, on whether your oscilloscope shows "positive up" 
or positive down", and on the point in the receiver to which the scope is connected. 

Now for some of the finer points in adjusting and connecting the test instruments. The stage being 
aligned must not be overloaded with excess signal strengtk from the sweep generator. Keep the generator 
output down where a slight change does not alter the form of the trace by changing the relative heights or 
peaks and valleys, but only changes the height. If the generator attenuator or output control won't bring 
the voltage low enough, use a smaller fixed capacitor froir the high side lead to the tube in the receiver, 
or, if you are using a coupling sleeve, slide this sleeve up higher on the tube envelope. As you proceed 
with alignment, the response curve may tend to become higher. Keep it down by reducing the output of 
the sweep generator, not by turning down the gain control of the oscilloscope. 

Adjust the sweep width control to bring the entire response curve onto the screen of the oscilloscope, 
with a little bit of the zero base line or horizontal extension showing on both sides. The number of mega-
cycles of sweep width is of no importance, just so long as you can see the entire response with only 
enough base line to identify zero response. Do not alter the sweep width during a series of adjustments. 
This would change the apparent slopes of the curve and could be confusing. 

If the sweep width control is set for too narrow a sweep or for two few megacycles of sweep the result 
will be to send some of the response off the screen of the scope, as at the left in Fig. 87-2. If the sweep 

JL 
Fig. 87-2. The result of using a sweep which is too narrow (left) and of using an excessively wide 

sweep (right). 
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Fig. 87-3. The marker may be seen more distinctly by shifting the forward and return traces out of phase. 

is made too wide, of too many megacycles, the response will appear too narrow and will have long base 
lines on both sides, as at the right. The frequency response is the same in both pictures. The one on the 
left was made with a sweep of about 5 megacycles and the one on the right with a sweep of a little more 
than 15 megacycles. 

If the marker generator has provision for audio modulation be sure to keep this modulation turned off or 

to zero while producing marker pips on a response trace. For easy identification of pips the output of the 
marker generator must be kept low, and under no conditions should this output be great enough to distort 

the frequency response, or to materially lower the height of the curve. After tuning the marker to the 

desired frequency adjust its output so that the pip is just visible at whatever point of the trace it may be 
used. 

The distinctness of a marker pip will increase when output of the sweep generator is decreased, and 
when the receiver contrast control is turned down. The marker pip will be large and distinct while you 

move it across the relatively flat top of the response trace where there is high amplifier gain, and will 

become less clear upon approaching points of zero gain. The steeper the slope of the side of the response 
on which the marker is placed, the more difficult it becomes to definitely spot the position. You may use 
the horizontal gain of the scope to temporarily widen the curve while examining a marker on one of the 

slopes. \\ hen using synchronized sweep, a marker on one of the slopes of the curve will become more 
distinct if you shift the phasing control to temporarily separate the sides of the curve. The offset forward 
and return traces, with a marker pip on each, appear as in Fig. 87-3. 

\\hen aligning, you adjust the interstage couplers to make the response curve of certain heights or 

shapes at various frequency points. For example, when working to bring the video intermediate frequency 
about half way up, or down, on the high-frequency slope, it is very helpful to maintain a marker pip at this 
frequency to show whether you are making matters better or worse. 

Every change of adjustment on any one coupler affects not only one part of the response but all other 
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Fig. 87-4. Using two marker pips to identify two frequencies at the same time. 

parts at the same time. Some one adjustment may have its greatest influence on one side, or the other 
side, or somewhere along the top of the response, but this adjustment will also have greater or less in-
fluence on every other part of the curve. In the case ol the video intermediate frequency adjustment, 
while bringing this frequency where it belongs, you are more than likely to upset the response at the low-
frequency end of the curve, so it is necessary to continually move the marker from one place to another in 
getting the entire response as you wish it to be. 

It is convenient to use two markers to identify two different frequencies at the same time, so that the 
effects of a given adjustment on both sides or ends of the response may be observed while attempting to 
improve one end. In Fig. 87-4, one marker is identifying the low-frequency peak, and another is identifying 

Hg. 87-5. A broad band oscilloscope will show fuzzy pips unless the vertical input is shunted with a 
capacitor. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 87 — Page 6 

the high-frequency peak. One marker might be set at the video intermediate frequency, and another at the 

sound intermediate, or one at the video intermediate, and the other as much lower at the desired pass band 
for the amplifier. 

Some marker generators will provide two markers at the same time. Quite often one of these comes from 
a crystal controlled oscillator built into the marker generator, while the other is controlled by the variable 
tuning capacitor. More than two markers, or any number, might be used at the same time provided none of 
them are so strong as to pull the response curve out of shape. 

The oscilloscope is most often connected across the video detector load resistor, as mentioned many 
times before. If the frequency response is weak, or if the scope is lacking in sensitivity, the vertical 
input may be connected to either the grid or the plate of any video amplifier tube, or it may be connected 
to the control grid or cathode signal input point of the picture tube. The response becomes progressively 
stronger in going toward the picture tube. 

If you are using a broad band oscilloscope, with good gain at high frequencies, the marker pip nrobably 
will appear very wide and fuzzy, as at the left in Fig. 87-5. It is practically impossible to identify fre-
quencies on the slopes of the trace with a pip of this kind. The pip may be sharpened, as at the right, 
by connecting a fixed capacitor across the receiver end of the vertical input cable of the oscilloscope. 
The connections are made as shown by Fig. 87-6. The capacitor pigtails may be fitted with spring clips 
or the attachments may be made in any other convenient manner. The bypassing capacitance may be al-
most anything from 500 mmf to 0.005 mf or even may be something like 0.05 mf if necessary to obtain a 
sharp pip. 

FREQUENCY RESPONSE CURVES. Fig. 87-7 shows how the frequency responses of the separate 
stages of a video i-f amplifier combine their effects to form the final output at the load resistor of the 
video detector. The curves were taken originally from a video i-f amplifier having four tubes and five inter-
stage couplers, each tuned to a different frequency. 

TO VERT. TO VERT. 
INPUT INPUT 

VIDEO 
DETECTOR 

VIDEO 
AMPLIFIER 

B+ 

CONNECTION 
MAY BE 

MADE HEFE 

Fig. 87-6. How a shunting capacitor may be connected across the vertical input. 
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Fig. 87-7. Frequency responses as additional stages are brought into the i-f amplifier system between 
sweep generator and video detector. 

Curve number 1, at the top, was made with the oscilloscope connected to the video detector load re-
sistor, and with the sweep and marker generators coupled to the grid of the fourth or last i-f amplifier tube. 
Only this one amplifier and the coupler between it and the detector then were active, so the response is 
that of this one stage by itself. 
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For curve number 2 the generators were moved back to the grid of the preceding i-f amplifier, so that 

the last two stages were working together to produce the response shown. The oscilloscope remained on 
the detector load resistor for all the responses. For curve 3 the generators were moved farther back to 

bring in one more stage, this was repeated for curve 4, and for curve 5 the generators were coupled to the 
grid of the mixer tube to give the overall frequency response of the entire i-f amplifier system. 

The final response or voltage gain at any frequency is the product of the gains at the same frequency in 
all the stages. That is, if gains of successive stages at a given frequency were something like 6, 8, 15, 
12, and 4 the overall gain at this frequency would be 34,560, the product. Were the gain of any one stage 

to be zero at a certain frequency the overall gain would be zero at the same frequency, for when a gain 
drops to zero anywhere there is nothing to amplify in following stages. Although actual peak voltages 
for the curves of Fig. 87-7 differed widely, all have been reduced to the same height to clearly show the 

frequency characteristics. 

The stages by themselves are broadly tuned, as is evident from curves 1 and 2 for a single stage and 
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Fig. 87-8. The "check points" which are to be watched on the response curve while making i-f align-

ment adjustments. 
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for two stages in cascade. As more and more stages add their effects to the total, the response becomes 
narrower and the sides steeper. Were you to replace a weak amplifier tube in one stage with a good tube, 
the response would rise at and near the frequency to which the following coupler is tuned. 

Fig. 87-8 shows most of the features you will strive for when making alignments of i-f amplifier systems. 
The upper curve applies to a system used with intercarrier sound. The desired characteristics are as 
follows. 

Peak gain or maximum gain is represented by the height of the curve from zero response to the top of 
the higher peak, if there are peaks, or to the highest point on the curve in any case. The greater this 
gain, when all other requirements are satisfied, the better will be the performance. 

It is absolutely essential that the video intermediate frequency be no lower than 50 per cent of maximum 
gain, and it should not be higher than 60 per cent. WIntever else happens to the response, this require-
ment must be met. 

Response at the sound intermediate frequency, for intercarrier sound, must not exceed 5 per cent of the 

peak gain, and preferably is made 3 per cent or even less. ‘\'dith a higher sound response you will have 
difficulty in eliminating intercarrier buzz from the speaker. 

Peaks occuring on the response curve must be nicely rounded off as shown. If a peak is quite high, and 
sharp, it indicates probable regeneration and the likelihood of oscillation. 

Usually there will be two peaks. They need not be of exactly the same height, but keep the difference 
as small as possible. 

The dip between peaks is called a valley. The bottom of a valley may drop to no less than 70 per cent 
of maximum gain, and even this much drop is rather bad. Keep the top of the curve as nearly flat as pos-
sible. 

The band width of the amplifier is considered to be the number of megacycles horizontally across the 
response from half way down on one side to half way down an the other side. If this width is as much as 

3.6 mc you are doing very well. It should be no less than 3 mc, for this would mean serious loss of high 
video frequencies and poor detail in the pictures. Although the fairly flat frequency response of the video 
amplifier (not the i-f amplifier) often goes to 4 mc, it is almost impossible to obtain an i-f band width so 
great as this without having rather elaborate types of interstage couplers. 

The frequency differences marked a and b are measured from a video intermediate which is half way 
down the slope to the peak on one side and to zero response on the other side. Ideally these two differ-
ences would be 0.75 me each, in order to have amplification of low video frequencies and of sync pulses 
which is equal to that for the higher video frequencies. the frequency difference at a will be quite satis-
factory if it is as great as 0.7 or 0.8 mc. The difference at b almost always will extend well out, to at 
least a megacycle and maybe more. This is not too objectionable. 

The lower diagram of Fig. 87-8 illustrates a frequency response which would be desirable when there 

is a dual or split sound system. The principal difference is in the amount of gain at the sound intermedi-
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ate frequency. At the output from the video detector this sound response must be zero or so near zero that 
the gain cannot be measured. As a general rule the response at the sound intermediate is brought down to 
zero by traps for accompanying sound and by the trap action of the sound takeoff. Other than this one 
feature, everything said about the intercarrier type of i-f response applies with a dual or split sound 
system. 

ALIGNMENT PROCEDURE. If you have available the manufacturer's instructions for alignment by all 
means follow them to the letter. Whether or not you have such instructions at hand, the first step is to 
set up the frequency response on the oscilloscope screen, by following earlier instructions. Use the mark-
er generator to check the frequencies at all important parts of the response curve, in accordance with Fig. 
87-8. If you know the video intermediate frequency at which the receiver is supposed to operate this will 
be a great help. Otherwise you will have to assume that a frequency about half way up on the high fre-
quency side of the response is the video intermediate or close to it. 

If there has been poor low frequency response, and especially if there has been difficulty in holding 
synchronization, the video intermediate coming from the tuner probably is too low down on the i-f response. 
Then you may assume that the video intermediate to be used for alignment (the one from the tuner) is some-
what higher in frequency than the frequency half way up on the existing response. For example, the fre-
quency at the half way point might be something like 25.8 mc. With the troubles just mentioned it might 
be well to try aligning for a video intermediate of 26.1 or 26.2 mc. It is possible to have snappy looking 
pictures and good synchronization with a video intermediate that comes up to 70 or even 75 per cent of the 
peak gain, although this may cause difficulties with sound reproduction. 

If the amplifier is badly out of adjustment it is an excellent idea to make the prelindnary alignment by 
using the vacuum tube voltmeter and fixed frequencies from a signal generator rather than swept fre-
quencies. This requires knowing the frequencies at which the couplers should be peaked. 

It should be mentioned that many an experienced technician has set up his own series of frequencies 
to obtain passable results — but this is hard on the next man who attempts an alignment without knowing 

Fig. 87-9. Peaking and lack of band width (left) are corrected by alignment adjustments (right). 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson Nc. 87 — Page 11 

Fig. 87-10. High gain (left) must be sacrificed if sufficient band width (right) is to be obtained by 
alignment. 

what has been done, and who attempts to use the correct frequencies for that receiver. liad there been a 
better set of frequencies for the couplers and tubes used in the set, they undoubtedly would have been 

used by its manufacturer. 

Before commencing any adjustments it is desirable to determine which parts of the curve will be most 
affected by each coupler. This you can do by lightly touching the grids of each amplifier tube, or the leads 
connected to the grids. Whichever part of the curve drops the most will be dropped by increasing the in-
ductance of the coupler preceding this grid or the one feeding into this grid. The same part of the curve 

will be raised by decreasing the coupler inductance. 

If it is possible to reach the coils or coil forms of the couplers it is very easy to make more satis-
factory preliminary checks by using one or more tuning wands. If the powdered iron end of a wand im-
proves the shape of the response when this end is brought to or inserted a little ways into a coil form, 
making an adjustment for more inductance in that coil will do the same thing. If the non-magnetic end 
makes an improvement, reduce the inductance of the coupler. 

With the receiver turned on its side to expose coupler coils which are underneath the chassis a tuning 
wand will stay in place when pushed a little ways into a coil form, to maintain a certain shape of the re-
sponse at one place. Then a second wand may be tried in the other couplers to make a further improve-
ment. Each coupler then is adjusted as its wand is removed. The response at the left in Fig. 87-9 has a 
bad peak at the low-frequency end and is so narrow as to cause an insufficient band pass with the video 
intermediate frequency half way up on the high-frequency side. Using the powdered iron end of a tuning 
wand, brings the response to the form at the right, with the peak dropped to where it is not harmful and 
with the band width increased by 0.8 mc on the low-frequency or sound end of the curve. 

The object of many adjustments is to extend the response on the high-frequency side, to bring the video 
intermediate frequency where it belongs, or to extend the response on the low-frequency side to obtain 
more band width. At the same time you will wish to obtain, or retain all the peak gain that is possible. 
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No one adjustment will extend the frequency range while increasing the gain, it may do one or the other 
but not both. 

The difference between the response curves of Fig. 87-10 was made with adjustment of one coupler. At 
the left there is high gain, but the band width is slightly less than 2.8 mc. At the right there is less 
gain, but the band width is almost 3.7 mc. When any one adjustment raises the response at either side it 
is practically certain to be narrowing the frequency band on the same side of the response, and when one 
adjustment extends the frequency it will lower the gain on the same side. To increase the band width and 
gain at the same time requires changing two or more adjustments. 

If you obtain a response of the desired shape, but find that the entire curve is too low in frequency, it 
may be raised in frequency or moved horizontally with reference to frequency by slightly decreasing all 
the coupler inductances. Conversely, an entire response may be shifte-1 to a lower frequency by slightly 

ACCOMPANYING 
SOUND 
TRAP 

VIDEO 
F 

ADJACENT 

SOUND 
TRAP 

1 

Fig. 87-11. The effects of traps on the shape of the final i-f response curve. 
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increasing all the inductances. It is difficult to do this without getting some parts of the response out of 
shape, but it is not too difficult to restore them. 

No matter how good your alignment appears on the screen of the oscilloscope, never assume it to be 
really good until you have watched a transmitted picture or test pattern and listened to the accompanying 
sound with all the instruments and accessories disconnected from the receiver. After you have made a 
few alignments, the resulting pictures, patterns, and sound should be good, but your first attempts may not 
work out too well. 

TRAP ALIGNMENT. Fig. 87-11 shows a series of frequency responses taken in the same general man-
ner as those of Fig. 87-7, with the generators moved progressively back to the mixer grid while the oscil-
loscope remains on the video detector load resistor. The stages brought into the active circuit for curves 
1 and 2 contribute peaking at certain frequencies. On the coupler brought in between curves 2 and 3 there 

is a trap tuned to the adjacent sound frequency, which is 1% mc above the video intermediate frequency. 
This trap pits a decided dip in the curve. 

On the coupler brought in between curves 3 and 4 is another trap tuned to the accompanying sound fre-
quency, which places a second dip in the response. The effect of the adjacent sound trap persists, so 
that in the final frequency response for the entire i-f amplifier system there are dips at both ends of the 
curve. 

Traps are aligned with the same instrument connections as for interstage couplers. The marker gene-
rator is tuned to the frequency of whatever trap is to be adjusted. The trap is then adjusted to reduce the 
response to zero or nearly so. The output of the marker generator must be increased to make the pip vis-
ible as long as possible. When the pip finally disappears as the trap is correctly adjusted, the tuning of 
the marker generator may be varied a little to each side of the trap frequency in making certain that the 
best adjustment has been made. 

Traps intended for accompanying sound, adjacent sound, and adjacent video frequencies, may be used 
only for these particular frequencies, not for shaping the response in other ways. An accompanying sound 
trap usually will give a desirable steepness to the low-frequency side of the curve and will allow a wider 
band pass that could be had without the trap. As mentioned earlier, some traps are for the express pur-
pose of shaping the response curve. As a rule these curve-shaping traps are intended to bring down the 
height of a peak which otherwise would be formed somewhere along the response with all couplers cor-
rectly aligned. 

OVERALL CHECK. After you complete the alignment of the i-f amplifier system it is advisable to 
make an overall check from the antenna terminals through the tuner to the video detector. The connections 
are shown by Fig. 87-12, and explained as follows. 

Sweep generator. With the antenna or transmission line disconnected, connect the high-side and ground 
leads for the swept frequency to the two antenna terminals of the receiver. Some sweep generators are 
provided with an output cable having on its free end a matching pad which matches the internal impedance 
of the generator to the 300-ohm internal or input impedance of the tuner. If there is no such pad, connect 
in series with each lead a fixed carbon resistor of 100 to 150 ohms, which ordinarily will make an accept-
able match. Later adjust the center frequency and the sweep width to bring onto the oscilloscope the corn-



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
esson No. 87 — Page 14 

MARKER SWEEP 

SCOPE 

VIDEO 

DETECTOR 

GND. 

Fig. 87-12. Instrument connections for making an overall check from antenna terminals to video detector 

output. 

plete response curve for each channel as it is checked. 

Marker generator. Connect the high-side lead from the marker to either of the antenna terminals through 
a small fixed capacitor. This capacitance usually should be no more than 2 to 5 mmf. Connect the ground 

lead to chassis ground or ii-minus. 

Oscilloscope. Connect the vertical input of the scope to the video detector load, in the usual manner. 
Connect the horizontal input of the scope to the horizontal deflection voltage or to the synchronized sweep 

output of the sweep generator. 

Fine tuning control. If the receiver has a fine tuning control set it to about mid-position or wherever it 

usually is set for normal reception. Do not again change this control during following observations. 

Channel selector. Set the channel selector of the receiver to the channel which is to be checked first. 

\lake sure that the center frequency of the sweep generator is set for the same channel, which usually will 
be done after everything is operating. Everytime you change the channel selector to the next channel, 

the center frequency of the sweep will have to be changed accordingly. 
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Turn on the receiver and all the instruments, and let them warm up for 15 minutes or more. Then adjust 
the sweep generator to bring a response curve onto the screen of the scope, and try out the marker gene-
rator to obtain a pip on the trace. 

The frequency responses for the various channels will not have just the same shape as the frequency 
response of the i-f amplifier alone, because of the effect of circuits in the tuner. Fig. 87-13 shows a set 
of responses for twelve channels as observed on a receiver which was giving good performance on all the 
low-band channels except number 6, very poor performance on channel 7, fairly good on numbers 9 and 11, 
and entirely satisfactory on the other high-band channels. Of course, not all the channels were allocated. 
It happened that high-band channels 7, 9, and 11 were in use, and examination of the tuner showed that it 
has been misadjusted on these channels in an apparent attempt to obtain more gain without preserving the 
band width. 

The dots on the response curves show locations of the video carrier frequencies and of the video inter-
mediate frequencies during actual reception and during shop tests on the receiver. You will see that these 
frequencies are too far down on the channels giving trouble, and that the band widths are too narrow. The 
band width is narrow also on channel 6. 

During an overall check some technicians introduce the marker frequency at the mixer grid, just as dur-
ing an i-f alignment, instead of at the antenna terminals. If your marker generator will not produce ac-
curate frequencies in the carrier ranges you may use marker pips at intermediate frequencies with the 
marker generator connected to the mixer grid. The pip will be moved back and forth across the trace by 
tuning of the marker generator, just as during i-f alignment. Thus the marker may be used for checking 
the position of video and sound intermediate frequencies, and other frequencies, also for checking band 
width while the swept frequencies are introduced at the antenna terminals. 

Fig. 87-13. The overall frequency response will not be the same on all channels, nor will it have exactly 
the same shape as the i-f response. 
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VIDEO CARRIER 

Fig. 87-14. Fine tuning adjustment will shift the response horizontally along the swept frequencies, and 
may or may not shift the marker pips. 

Vrhen using an intermediate frequency into the mixer grid for marker pips the effect of varying the fine 
tuning control will be as shown at the top of Fig. 87-14. In diagram 1 the pip is correctly placed about 

half way down on the high-frequency side of the response. Varying the fine tuning control will move the 
response curve bodily to the right or left. In diagram 2 the response has been moved to the right. The 
position of the video intermediate pip on the response is the same as before. The marker pip and the 
response curve move together, and equally. 

The lower diagrams illustrate the effects of varying the fine tuning control when the marker frequencies 
are introduced at the antenna terminals, as in Fig. 87-12, and when video carrier, sound carrier, and other 
carrier range frequencies are used for markers. In diagram 3 the fine tunine. control is adjusted to bringthe 

video carrier frequency about half way down on the high-frequency side of the response. In diagram 4 the 
fine tuning control has been readjusted to move the entire response curve to the left or to lower fre-
quencies. But the video carrier frequency remains in its original position in relation to the total width of 
sweep. Adjustment of the fine tuning control has brought the video carrier frequency onto the top of the 
response curve. 

Diagrams 3 and 4 show actual effects of fine tuning adjustment. The purpose of this control, or one of 

its chief purpose, is to bring the various transmitted frequencies to their correct positions on the re— 
sponse. Adjustment of the fine tuning has the effect of moving the video carrier and video intermediate 
frequencies higher or lower on the slope of the response. Diagrams 1 and 2 do not correctly show the 
action of the fine tuning control. 
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Fig. 87-15. Connections for adjusting a trap for the intercarrier beat frequency. 

While observing the overall response from antenna to video detector, with swept frequencies applied to 
the antenna terminals, make no attempt to adjust the i-f couplers or traps for improvement of a response. 
Such adjustments on one channel would throw off the responses in other channels, would cause weak pic-
tures, loss of sound, loss of synchronization, and possible regeneration or oscillation on other channels. 
Align the i-f amplifier stages only while swept frequencies are applied to the mixer or to one of the fol-
lowing amplifiers. Poor frequency responses on one or more channels during the overall check calls for 
alignment of the tuner circuits, which we shall consider a little later on. 

1NTERCARRIER TRAP ADJUSTMENT. In receivers which do not employ intercarrier sound there often 
is a trap for the intercarrier beat frequency of 4.5 mc located somewhere between the output of the video 
detector and the grid or cathode of the picture tube, whichever is used for signal input. 

This trap may be adjusted or aligned with the oscilloscope vertical input connected to the signal input 
element of the picture tube and with the marker generator or other single frequency signal generator con-
nected as shown by Fig. 87-15. If the intercarrier beat trap is between the video detector and the first 

video amplifier tube, the signal generator is connected through a capacitor to the output element, or termi-
nal of the detector, which is shown as the plate in the diagram. If the trap follows a video amplifier tube 
the generator is connected to the grid of the amplifier immediately preceding the trap, as shown by broken 
lines in the diagram. 

The signal generator is used with audio-frequency modulation, and the scope is used with its internal 
sweep adjusted to the frequency of audio modulation at the signal generator. The generator must be tuned 
very accurately to 4.5 mc. The trap then is adjusted for minimum height of the audio modulation trace on 
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SOUND VIDEO 

Fig. 87-16. Successive response curves for an i-f amplifier employing overcoupled interstage transformers. 

the screen of the oscilloscope. This method usually is not as satisfactory nor so easy to carry out as 
another which we shall employ after learning to use a detector probe with the vacuum tube voltmeter. 

OVERCOUPLED INTERSTAGE TRANSFORMERS. There are a few receivers in which part or all of 
the i-f stages are coupled by means of transformers having separate primary and secondary windings, each 
with its own tuning slug or trimmer capacitor. Most often these transformers are overcoupled. As you will 
recall, overcoupling causes the resonance curve to have two separate peaks rather than a single peak. 
The closer the coupling the farther apart the resonant peaks are moved. The peaks come together when 
the coupling is loose enough to be classed as undercoupled. All this takes place with both windings 
tuned to the same frequency. 

Fig. 87-16 shows a set of alignment curves for an i-f amplifier in which all the transformers are over-
coupled. These response curves are made like the ones of Figs. 87-7 and 87-11, by moving the connection 
of the sweep generator progressively back from the grid of the amplifier immediately preceding the video 
detector to the grid of the mixer tube. The double peaked response at j. . is that for the last i-f amplifier 
and the transformer which is between this amplifier and the video detector. lhe response at 2 is that from 
the two amplifiers preceding the detector, and the transformers which follow them. The response at 3 is 
with a third stage brought in, and the one at 4 is for the entire amplifier system from mixer grid to video 
detector output. 
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Fig. 87-17. Shunting a transformer primary while aligning an i-f amplifier having overcoupled transformers. 

The positions of the sound and video intermediate frequencies on each of the responses are shown by 
the vertical lines. As more and more amplifier stages become active the band pass becomes narrower and 
the curves tend to have somewhat steeper sides. In the final response, number 4, the gain at the sound 
intermediate frequency has to be dropped by using one or more traps for accompanying sound, making the 
actual response at the low-frequency end as shown by the broken line portion of the curve rather than by 
the full line which would represent the response without traps. 

I-f amplifiers having overcoupled transformers are aligned stage by stage with the help of response 
curves from manufacturers' instruction manuals, commencing with the sweep generator to the grid of the 
last i-f amplifier while aligning the last transformer, then working back to the mixer while making align-
ments to obtain successive curves such as the set shown by Fig. 87-16. A wide sweep will be needed 
when commencing the alignment. 

The marker generator may be connected through a small capacitor to the same grid as the sweep, and 
moved back with the sweep, or the marker may be connected to the mixer grid and left there during the 

entire process provided the pips show up clearly enough. 'I'he marker generator is used without modulation. 

The oscilloscope is connected in the usual manner to the video detector load resistor, and remains 
there during the entire job. 

Should the responses show dips or peaks where there should be none, and if these are not readily re-
moved by alignment adjustments, it will be necessary to shunt one of the transformer primaries to ground 
through a capacitor of 100 to 1,000 mmf as shown by Fig. 87-17 at C. This shunting capacitor is con-

nected to the high side of the primary or plate winding of the transformer preceding the one to be aligned, 
or the transformer to whose secondary is connected to the sweep generator. This removes any effects of 
having this primary winding resonant at a frequency within the response range. The shunting capacitor 
is moved back stage by stage when the sweep generator connection is moved back. It is not needed on 
the grid of the mixer tube. 

Each overcoupled transformer ordinarily has two adjustments, one for the primary and the other for the 
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secondary winding. One adjustment may have its principal effect on the high-frequency peak and slope 
of the response, while the other adjuster affects the opposite side of the curve. One method of alignment 
consists of turning one adjuster all the way out while setting the other one to give the approximate de-

sired form to one side of the response. Then the other adjuster is used to shape the other side. With 
another method a fixed resistor of 300 to 500 ohms is connected across the primary while the secondary 
winding is adjusted for peak response. Then this resistor is moved to the secondary while the primary 
is adjusted for a peak response. Finally the resistor is removed entirely and the two windings are slightly 
readjusted if necessary to obtain the desired shape of the curve. 
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LESSON NO. 8.3 

ALIGNMENT OF SOUND SYSTEMS 

After the i-f amplifier has been correctly aligned we usually work next on the sound system rather than 
the tuner. This is because the tuner must furnish signals at intermediate frequencies for both video and 
sound. Were either the video system or the sound system incorrectly adjusted we might easily misalign the 
tuner in attempting to correct for faults in either of the other systems. But when both sound and video are 
correctly adjusted it will be safe to go ahead with alignment of the tuner. 

Most of the individual steps in alignment of sound systems are carried out in the same general manner 
no matter what may be the design. There are, however, some rather important differences between the pro-
cedures for alignment of intercarrier sound systems and for dual or split sound systems. 

In diagram I of Fig. 88-1 the rectangular blocks indicate the parts of a typical intercarrier sound system 
which are adjusted during alignment. First comes the i-f amplifier extending between the mixer and the 
video detector. For intercarrier sound we require in this i-f amplifier a frequency response which is some-
what different than for dual sound. This i-f response would, of course, be obtained during the preceding 
alignment of the i-f couplers, since you will know that the receiver uses intercarrier sound. 

Next comes the sound takeoff, which usually follows a video amplifier tube but which may follow the 
video detector. The takeoff ordinarily feeds into a driver tube. Then comes the demodulator transformer, 
the demodulator tube, and the audio amplifier. Should the sound takeoff follow the video detector there 
usually is an additional sound i-f amplifying stage between takeoff and driver tube. In this stage will be a 
coupling which requires alignment. 

Diagram 2 of Fig. 88-1 shows in the rectangular blocks the parts which require adjustment during align-
ment of a typical dual sound system. The sound takeoff may come immediately after the mixer or it may be 
on the output of any of the video I.F. amplifier tubes. The takeoff feeds into the first sound i-f amplifier 
tube. There may be one, two, three, or even four sound i-f amplifying stages. The last stage or possibly 
the last two stages may operate as limiters. In each amplifying stage is a coupling transformer which re-
quires alignment. After the limiter comes the demodulator transformer, then the demodulator tube, and 
finally the audio amplifier. 

The sound demodulator may be either a ratio detector or a discriminator. All the processes of alignment 
are the same for one as for the other. Although we shall be talking for the most part about the alignment of 
television sound systems, which operate with frequency modulation, the same general methods will apply 
to the i-f amplifiers and the demodulators of f-m sound receivers and combination am-fm sound receivers. 

Alignment of any sound system may be carried out with either of two groups of testing instruments. All 
the work maybe done with a constant frequency signal generator as the source and with a vacuum tube volt-
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Fig. 88-1. The parts shown shaded are aligned with an intercarrier sound system (top) and with a dual 
sound system (bottom). 

meter as the output indicator. Or all the work may be done with a sweep generator and marker generator as 
signal sources,and with an oscilloscope as output indicator, We shall deal first with oscilloscope methods, 
because this will make it easier to see what you are trying to accomplish when working with the VTVM. 

INTER CARRIER SOUND. Regardless of the video and sound intermediate frequencies with which a re-
ceiver may operate, the center frequency for an intercarrier sound system always is exactly 4.5 mc. This 
applies to the takeoff coupler, the demodulator transformer, and any sound i-f couplers which may be used. 
The frequency must remain 4.5 mc because it is the difference between video and sound intermediates, and 
between video and sound carriers. 

For alignment with either the VTVVI or oscilloscope it is essential that the signal generator or marker 
generator be able to deliver a 4.5 mc signal with great precision. The total plus and minus frequency de-
viation for television sound is 50 kc or 0.050 mc. This total deviation is 1/90 or about 1.1% of 4.5 mc. If 
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your signal is accurate only to within plus or minus 1% it could fall 45 kc above or below the true center 
of the sound deviation, and cause extremely bad misalignment. To remain with even 5 kc of the received 
center frequency for sound the test signal must be accurate within 0.1%. The practical solution is to use 
a signal from a 4.5 mc crystal (accurate to 0.02%) or one from a generator which has been calibrated from 
a crystal. 

Now about the special type of frequency response required in the i-f amplifier when there is intercarrier 
sound. First we may look at the wrong kind of response, at 1 in Fig. 88-2. The sound intermediate frequen-
cy falls on a point in the response curve where there is considerable slope. Although frequency deviation 
for the sound signals extends over only 1/90 of the total distance between the intermediate frequencies, 
this deviation still is along the same slope. This is shown at 2 by a greatly enlarged portion of the res-
ponse curve at the point of sound signals. 

As the deviation goes to a lower frequency it extends to a point on the frequency response where the 
gain is much less, relatively, than when going to a higher frequency. This variation of gain or signal vol-
tage which occurs with frequency modulation really is a variation of signal amplitude, and we have intro-
duced a strong amplitude-modulated signal accompanying the frequency-modulated signal. Amplitude modu-
lation so strong as shown could not be removed by a limiter nor by limiting action of a ratio detector, and 
would ruin the reproduction of f-m sound signals. 

A desirable form of i-f amplifier frequency response is shown at 3. The sound intermediate frequency 
falls on a part of the curve that is relatively flat. As a consequency there is very little variation of gain 
and very little amplitude modulation accompanying the frequency deviation, as shown at 4. 
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Fig. 88-2. With an intercarrier sound system the sound intermediate frequency should not be on a steeply 
sloped portion of the response curve. 
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Fig. 88-3. A shelf or plateau on the video i-f response when there is an intercarrier sound system. 

In a number of receivers the i-f response is flattened at and near the sound intermediate frequency by 
using a trap on some one of the i-f amplifiers. The result, illustrated at the left in Fig. 88-3, is a sound 
shelf or sound plateau on the response. The trap most often is in the cathode lead for the first, second, or 
third i-f amplifier, as shown at the right. Traps used for this purpose are of rather low-Q construction in 
order to have their effect extend over a fairly wide range of frequencies without dropping the response all 
the way to zero at any frequency. The trap is tuned to the sound intermediate frequency, or a little above 
or below this frequency until results are as desired. 

Under certain conditions an intercarrier sound system may produce a type of noise called intercarrier 
buzz. It is not in the nature of hum, but is a sharp and clear cut, rather rasping noise at a low audio fre-
quency. The three most common causes are incorrect setting of a fine tuning control, wrong alignment of 
the r-f oscillator for the channel where trouble occurs, and excessivelyhigh setting of the contrast control. 
When the sound takeoff follows a video amplifier the buzz mayresult from overloading of this amplifier due 
to low plate or screen voltage, wrong grid bias, or a worn out tube. 

Intercarrier buzz may occur when the picture becomes nearly all white, during which time the signal vol-
tage applied to the picture tube grid rises to maximum. The cause also maybe over-modulation at the trans-
mitter, or too much frequency deviation. Buzz may occur during momentary drops of carrier strength, when 
an agc system acts to increase amplification just as does an excessively high setting of the contrast con-
trol. 

Incorrect adjustment of the secondary in the demodulator transformer will allow buzz and other noise 
whether the adjustment is out of the way in one direction or the other. Should the i-f amplifier system be 
aligned to bring the sound intermediate too high or onto a sloped portion of the frequency respmse there 
will be buzz. Another cause is any failure of a-m limiting action, as from a fault in the limiter stage pre-
ceding a discriminator, or, with a ratio detector, an open or defective large capacitor on the load side of 
the tube. 

ALIGNMENT PRELIMINARIES. The steps which should precede alignment of a sound system are prac-
tically the same as those for video i-f alignment. The antenna should be disconnected, and it may be well 
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to short circuit the antenna terminals on each other or to ground. The channel selector should be set to the 
highest channel in which there is no transmission for your locality. 

Ordinarily there is no automatic volume control for a television sound system, although this type of con-
trol is common in f-m and in combination sound receivers, When there is automatic volume control it should 
be overridden in the same manner as automatic gain control for video i-f alignment. Since all signal vol-
tages will be supplied by the test instruments it is desirable to disable the r-f oscillator during the align-
ment processes, then allow this oscillator to operate during a final check with a received signal. 

SOUND 1-F ALIGNMENT. As mentioned before, one or more sound i-f amplifier stages always are found 
with a dual sound system, and sometimes there is such a stage with intercarrier sound. The center frequen-
cy for a dual sound system always is the sound intern- ediate frequency for the particular receiver, while 
the center frequency for intercarrier sound always is 4.5 mc. 

Frequency responses such as may be obtained from sound i-f amplifier systems are illustrated by Fig. 
88-4. These responses are taken with the input signal applied to the grid of the tube ahead of the sound 
takeoff, and show the output of the entire i-f amplifier system which precedes the demodulator. The top of 
the response may be rounded as at / or double peaked as at 2. It is not necessary to have a perfectly flat 
top extending through the range of deviation frequencies. Peaks or dips represent unequal gains. This pro-
duces some amplitude modulation. But unless there is severe peaking or sloping, the amount of amplitude 
modulation thus produced can be removed by limiting action. 

CENTER FREQ. 

1 

A 7* 

CENTER FREQ. 

Fig. 88-4. At / and 2 are desirable responses for a sound i-f system. Some undesirable responses are shown 
below. 
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The band width between points about half way down on opposite sides of the response should be no less 
than about 200 kc or 0.2 mc under any conditions, and usually is made 300 to 400 kc or 0.3 to 0.4 mc. The 
center frequency must be at the center of the band width or very nearly there. Opposite sides of the res-
ponse curve should be of nearly the same shape, or symmetrical. Double peaks should be of equal or nearly 
equal heights. When these requirements are satisfied, the greater the gain or the greater the height of the 
peak or peaks the better will be the performance. Several undesirable responses are shown at the bottom 
of the figure. 

Instrument connections for alignment of a sound i-f system are illustrated by Fig. 88-5. The sweep gene-
rator and marker generator are coupled through small capacitors to the grid of whatever tube precedes the 
sound takeoff. This tube might be the mixer or it might be any of the video i-f amplifier tubes. The vertical 
input of the oscilloscope is connected to the high side of the limiter grid resistor. The limiter will be the 
tube which is just ahead of and which feeds into the demodulator transformer. The limiter grid resistor 
most often is on the low side of the coupler between the last sound i-f amplifier and the limiter, es shown 
in the diagram. No matter where the grid resistor is connected, the oscilloscope goes to its high side. If 
the low side of the grid resistor goes to ground, the oscilloscope input is connected to ground. If the low 
side of the grid resistor does not go to ground, but possibly to B-minus or to a bias voltage source, connect 
the ground terminal of the scope to the low side of the grid resistor, not to chassis ground. 

MARKER SWEEP 

Fig. 88-5. Instrument connections for alignment of a sound takeoff and i-f amplifier system. 

DEMODULATOR 
TRANSFORMER 
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Unless the oscilloscope has vertical input impedance of at least one megohm, connect in series with the 
vertical input lead a fixed resistor of one-half to one megohm. This is necessary in order to avoid exces-
sive alteration of limiter grid bias. 

If there is originally only slight misalignment it now is possible to adjust the sound takeoff and the in-
terstage couplers or transformers to obtain a frequency response such as shown by Fig. 88-4. It will be ne-
cessary to use a sweep width of one to three megacycles. The marker generator is used to identify the po-
sition of the center frequency on the response. The marker pip is also moved half way down on opposite 
sides of the response, and the corresponding frequencies are noted to check for required band width. 

It is of greatest importance to keep the output of the sweep generator at the lowest value which allows 
a good response trace while the vertical gain of the oscilloscope is at or near its maximum setting. If the 
output control of the sweep won't bring the output voltage low enough, use a smaller series capacitor on 
the high-side lead. If this is not done there will be limiting action and the trace will not show the true fre-
quency response. It is necessary also to keep the marker output low enough to cause little or no distortion 
of thé response curve when the marker pip is moved across the response curve. This may require a series 
capacitor, on the marker lead, of only two or three mmf. As the response curve becomes higher during align-
ment, keep it on the scope screen by reducing the output of the sweep generator, do not reduce the vertical 
gain of the scope. 

The takeoff or the interstage couplers may be so far out of adjustment that no usable response trace can 
be obtained with the generators coupled ahead of the takeoff. Then it is necessary to make the alignment 
stage by stage. Leave the oscilloscope on the limiter grid resistor, but move the connections of the gene-
rators to the grid of the tube preceding the last interstage coupler or transformer. In Fig. 88-5 this would 
be at A. Now proceed ta align the last coupler, which would be transformer T3 on the diagram. Since there 
will be only one stage of amplification between generators and scope the sweep output will have to be fair-
ly high. Band width will be greater than for the entire sound i-f amplifier system. 

Next move the generator lead connections back to the next preceding grid, point B on the diagram, and 
align coupler T2. Keep moving the generator leads back to the grids of preceding tubes, while aligning the 
coupler following each tube, until the generators are coupled to the grid of the tube ahead of the sound 
takeoff. Keep the trace on the screen of the oscilloscope by reducing the sweep output as you proceed, not 
by reducing the gain of the scope. 

There is a possibility that the response trace may develope fuzzy peaks of excessive height or there 
may be a fuzzy horizontal streak. This indicates oscillation in the amplifiers. Quite likely the sweep out-
put is too great, or the receiver contrast control is set too high, or some of the preliminary precautions 
have been neglected. In extreme cases of oscillation you may temporarily remove the amplifier tube which 
precedes the one to whose grid the generators are connected, or you may connect the grid of this preceding 
tube to ground through a capacitor of about 1,000 mmf. 

DEMODULATOR REQUIREMENTS. The demodulator system consists of the demodulator transformer, 
the twin diode demodulator tube, and the load circuit which feeds the audio output. The audio output vol-
tage from the demodulator system depends in the first place on the signal voltage applied to the demodu-
lator transformer from the last i-f amplifier, the limiter, or the driver tube. 

Relations between f-m input voltage and audio output voltage are shown by Fig. 88-6. We shall assume 
that the frequency response of the amplifier or driver stages are as shown at 1. With a signal coming ori-
ginally from the sweep generator this will be the voltage applied to the primary of the demodulator trans-
former as frequency sweeps below and above the center vale. As frequency decreases there is conduction 
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DIODE 

Fig. 88-6. The S-curve results from demodulator diode conductions in opposite polarities. 

in one of the diodes of the demodulator, and as frequency increases there is conduction in the other diode. 
The diode conductions are represented at 2. The demodulator circuits are so arranged that conduction in 
one diode causes the audio output voltage to go positive, while conduction in the other diode causes the 
audio output to go negative. To show this correctly the conduction of one diode must be inverted, as at 3. 

Fig. 88-7. The width of the S-curve is affected by the band pass of preceding amplifier stages and of the 

sound takeoff. 
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This is the form of audio output voltage produced when swept frequencies are applied to the tube ahead of 
the demodulator transformer. 

All that we need do to actually watch the audio output voltage during alignment of the demodulator is 
connect the oscilloscope to the audio output point of the demodulator. Resulting traces will appear as in 
Fig. 88-7. The trace at the left is quite similar to diagram 3 of Fig. 88-6. 

Supposing now that the band width of the frequency response from stages ahead of the demodulator has 
been made too narrow. Then,with the same frequency sweep, the audio output will be as shown at the right 
in Fig. 88-7. The positive and negative audio peaks cannot be so far apart in frequency because the narrow 
band width of preceding stages drops the gain to zero before there is a very great deviation in either direc-

tion. 

Traces such as shown by Fig. 88-7 are called demodulator S-curves. When the characteristics of the S-
curve meet certain requirements the demodulator has been correctly aligned, or, it has been aligned as well 
as possible when considering the frequency response of parts ahead of the demodulator. 

What we wish to obtain in the S- curve is illustrated by Fig. 88-8 and explained as follows. 

1. The center frequency is to be midway between the positive and negative peaks. 

2. The straight or linear portion of the trace should extend as far as possible above and below the cen-
ter frequency. Since maximum deviation for television sound is plus or minus 25 kc the straight por-
tion must go this far above and below the center frequency if there is to be undistorted audio output. 
It would not be safe to depend on such close limits, so we ordinarily specify a minumum of about 75 

CENTER 
FREQUENCY 

PEAK 

AMPLITUDE 

PEAK 
AMPLITUDE 

STRAIGHT 
(LINEAR) 
PORTION 

PEAK 
SEPARATION 

Fig. 88-8. Features of the demodulator S-curve which are to be checked during alignment. 
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kc on each side of the center. For an f-m sound receiver, with its greater maximum deviation, the 
straight portion of the S-curve should go to at least 150 kc each way from the center. 

3. The positive and negative peaks are to have equal or very nearly equal amplitudes.Equal amplitudes, 
while satisfying other requirements, are possible when the two diodes of the demodulator have equal 
conductions, and when the output from preceding stages has a satisfactory form of frequency response. 
The two peaks represent conductions and resulting voltages from the two diodes. 

4. The positive and negative sides of the S-curve should be of practically the same shape, or should be 
symetrical. 

5. The peak amplitudes should be as great as possible. Maximum peak amplitudes will be possible only 
when primary and secondary of the demodulator transformer are correctly adjusted and when all other 
couplers as far back as the sound takeoff have been correctly aligned. 

6. It is desirable to have fairly wide frequency separation between positive and negative peaks. Satis-
factory separations in various television receivers run all the way from somewhat less than 150 kc to 
more than 600 kc. The possible peak separation depends on the frequency responses of parts of the 
demodulator system, as explained in connection with Fig. 88-6. 

ALIGNMENT OF DEMODULATOR. Instrument connections for alignment of the demodulator transformer 
are shown by Fig. 88-9. The outputs of the sweep and marker generators are connected through capacitors 
to the grid of the tube preceding the demodulator transformer. This tube may be the driver for an intercarrier 
sound system or the limiter for a dual sound system. 

The vertical input of the oscilloscope is connected to the audio output of the demodulator. Ordinarily 
the most convenient point for connection is at the high side of the volume control potentiometer, as shown 
by the full line cable. The scope may otherwise be connected to the input or the center of the de-emphasis 
filter, as shown by broken lines. It is not necessary to use either a capacitor or a resistor in series with 
the lead for the scope vertical input. 

Unless your oscilloscope has fairly high vertical sensitivity the S-curve produced with the generators 
connected as shown may not have enough height without undesirably high output from the sweep generator. 
In this case move the generator connections back to the grid of some preceding tube in order to have the 
added amplification of such tubes. You may move the generator connections as far back as the grid of the 
tube which precedes the sound takeoff. In this case the S-curve will show the effects of any misalignment 
of the couplers which now come between the demodulator transformer and the tube to which the generators 
are connected. Unless these other couplers are correctly aligned it may be difficult to obtain a satisfactory 
S-curve from the demodulator output or, even though the S-curve appears to be good, there may be poor rep-
roduction of sound during normal reception. 

The marker generator usually is connected to the same point as the sweep generator, although the marker 
might remain connected as in Fig. 88-9 when the sweep connection is moved farther back. This tends to 
avoid distortion of the curve with an excessively strong marker pip. The marker generator is used without 
audio modulation, and is tuned as required to check frequencies along the S-curve. 

With all test connections completed and with the generators, oscilloscope, and receiver warmed up, it is 
in order to bring an S-curve onto the screen of the scope. Commence by adjusting the sweep width for about 
3 mc. Adjust the vertical gain of the scope to maximum and turn up the output control of the sweep genera-
tor about half way. Now adjust the center frequency of the sweep generator to bring any kind or shape of S-
curve to the center of the screen. If the trace is too high, turn down the output control of the sweep genera-
tor but do not reduce the vertical gain of the oscilloscope. Reduce the sweep width to leave only the up 
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Fig. 88-9. Instrument connections for alignment of the demodulator transformer. 

and down peaks, with very little of the horizontal lines-rema-ining on each side. It will be necessary to re-
adjust the sweep center frequency in order that the S-curve remains at the center of the screen. 

Now try out the marker by tuning it very slowly back and forth through the center frequency and as far 
either way as causes the pip to disappear to the right or left. You will find that the marker pip shows up 
strongly at both peaks of the S-curve, but becomes weaker as it moves toward the center, and probably dis-
appears entirely at the center frequency. This is because, at the center frequency, the trace is passing 
through the point of zero gain and there is no amplification of the marker beat. This disappearance of the 
marker pip is somewhat of a handicap, since it is essential to identify the frequency at the center of the 
S-curve, and make it equal to the center frequency of the applied signal. 

One method of getting around the difficulty is to carefully check the frequencies at the highest points of 
the two peaks, and assume that the center of the curve is at a frequency half way between. Another way is 
to increase the output of the marker generator as much as possible as the pip comes toward the center of 
the curve, and note the point along the curve where the strong pip fades out. This is the point of zero gain 
on the S-curve, and should be at the center frequency. 

The frequency at the point of zero gain on the S-curve may be identified quite closely if the marker gene-
rator provides audio modulation, as most generators do. Make the sweep width great enough to leave the 
outer sides of the S-curve nearly flat, as at the left in Fig. 88-10. Turn on the audio modulation and tune 
the marker generator back and forth through the center frequency. Except at the frequency of zero gain the 
audio modulation will show up on both sides of the S-curve about as at the right, as a series of small cur-
ves weaving one way and another. Turn the marker output rather high, to emphasize the audio modulation, 
then tune the marker to the frequency at which the modulation effect disappears from the ends of the S-
curve. The marker now is tuned to the frequency of zero gain, which should be the center frequency. Use 
this method only for checking the center of the S-curve,turn off the audio modulation while identifying peak 
frequencies. 
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Fig. 88-10. Audio modulation on the marker generator shows up as wavy lines except at the center frequency 
for sound. 

Every characteristic of the S-curve is altered to some extent by every adjustment of either the primary 
or secondary in the demodulator transformer, but in a general way the primaryadjustment has greatest effect 

on the following. 

Obtaining maximum peak amplitudes. 

Making the shapes of the positive and negative parts symmetrical. 

Obtaining the longest possible straight portion above and below the center. 

Adjustment of the transformer secondary has the principal effect in bringing the center frequency midway 

between the positive and negative peaks. 

The primary and secondary both require adjustment in making the two peaks of equal amplitude. 

To bring the entire S-curve to a higher frequency range the cores of both primary and secondary must be 
turned farther out of their windings. First adjust the primary while attempting to hold maximum peak-to-peak 
amplitude, then adjust the secondary for equal peak amplitudes above and below the center. To bring the 
entire curve to a lower frequency range turn the cores farther into both primary and secondary windings. 

The whole job of demodulator alignment usually boils down to alternate adjustments of primary and se-
condary until you obtain the desired overall result. Examples of what happens are shown by Fig. 88-11. 
The condition at the left was corrected by adjusting the primary to resonate at a slightly lower frequency. 
The condition at the right was corrected by adjusting the secondary to a slightly lower frequency. 

We really are interested onlrin the two peaks of the S-curve and in the part of the trace which is be-
tween the peaks. It may be somewhat easier to observe the effect of adjustments by watching only these 
parts of the curve, as in Fig. 88-12. This is accomplished by reducing the sweep width while readjusting 
the sweep center frequency as may be necessary to keep the trace centered on the screen. 
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Fig. 88-11. Faulty S-curves which are corrected by suitable adjustments of primary and secondary in the de-
modulator transformer. 

After completing alignment of the demodulator the results should be checked as follows. Turn off the 
oscilloscope and the sweep generator, but leave the marker turned on and connected as usual. Use the mar-
ker generator with audio modulation. Turn the volume control of the receiver to maximum. Now tune the 
marker generator back and forth through the center frequency. The audio tone should be heard from the 
speaker on both sides of the center frequency, but should laie almost to inaudibility at the exact center 

Fig. 88-12. Only the two peaks and the central portion of the S-curve are important for alignment. 
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frequency. If the audio tone does not nearly disappear at the center frequency, the secondary adjustment 
of the domodulator transformer needs slight readjustment to bring the sound to zero or a sharp minimum at 

the center frequency. 

A final check for buzz with an intercarrier sound system is made as follows. Disconnect all the test in-
struments from the receiver, also place the automatic volume control, the r-f oscillator, and everything else 
as for normal reception. Connect the antenna and tune in a television station to get the picture and sound. 
Turn up the contrast control until a buzzing noise is heard. Now try making a very slight readjustment of 
the secondary in the demodulator transformer, keeping track of the setting from which you start. The secon-
dary should be left at the setting for minimum buzz and maximum sound volume, or at the setting for the 

minimum buzz between much louder buzzing sound on either side. 

It is quite obvious that either of these "final checks" might be applied to a receiver which you suspect 
of being slightly out of correct sound alignment.This could be done without having made any of the regular 
alignment adjustments, merely as a means for preliminary trouble shooting which might avoid the need for 

complete realignment of a sound system. 

ORDER OF ALIGNMENT. With the methods of sound system alignment which have been described we 
first adjust the takeoff and any i-f couplers for the center frequency and desired band pass, then adjust 
the demodulator transformer. Some technicians prefer to commence the sound alignment by adjustment of 
the demodulator transformer. Then they adjust any i-f transformers and finish the work by adjusting the 

takeoff. 

With this latter method the test instruments must be connected as in Fig. 88-9 while adjusting the de-

SOUND 
I-F AMP 

SOUND 
TAKEOFF 

VIDEO I-F 
OR VIDEO AMP. 

SOUND I-F 
COUPLER 

SOUND 
I-F OR 
LIMITER 

DEMODULATOR 
TUBE 

Fig. 88-13. Sweep and marker connections for alignment proceeding from the demodulator transformer back 

to the sound takeoff. 
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modulator transformer to obtain a correct S-curve. The generators cannot be connected farther back toward 
the sound takeoff, nor ahead of the takeoff, because none of the couplers from the takeoff to the last i-f 
transformer will have been adjusted as yet. 

The oscilloscope vertical input is connected to the top of the volume control or the audio output of the 
demodulator to show an S-curve, and remains there during all adjustments. Points to which the sweep and 
marker generators are connected are shown by Fig. 88-13. For alignment of the demodulator transformer the 
generators are connected to point A, the grid of the sound i-f amplifier or the grid leak resistor of a limiter 
just ahead of the demodulator. 

Then the generator connections are moved to B, the grid of a preceding sound i-f amplifier, while the 
sound i-f coupler following this tube is adjusted to produce maximum and equal peak amplitudes on the S-
curve. If there is still another sound i-f amplifier tube and coupler the generators are moved back to the 
grid of this other amplifier while the coupler following the amplifier is adjusted for maximum and equal 
peaks on the S-curve. Finally the generators will be connected to C, the grid of the tube preceding the 
sound takeoff, while the takeoff coupler is adjusted for maximum and equal peaks on the S-curve. While 
the generators are connected at C it is advisable to try making slight changes of adjustment on any i-f 
couplers for the purpose of obtaining greatest possible peak amplitudes on the S-curve. 

INTERNAL SWEEP OF OSCILLOSCOPE. The S-curve may be observed without employing a synchroni-
zed sweep voltage for the horizontal input of the oscilloscope, using instead the internal sweep of the 
scope adjusted for a sweep rate of 60 cycles. 

With the sweep and marker generators connected and operated as usual,and with the oscilloscope vertical 
input on the audio output of the demodulator the selector of the oscilloscope is changed from the horizontal 
input position to the internal sweep position. When sweep width of the sweep generator is made several 

Fig. 88-14. Using the internal sweep of the oscilloscope to display an S-curve. 
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megacycles, and the internal sweep of the oscilloscope is adjusted for 60 cycles, a trace such as shown at 

the left in Fig. 88-14 will appear. 

There are two complete S-curves on this trace. One of the S-curves is partly obscured by the return trace 
interval. One of the curves is produced during the 1/120second in which sweep frequency is increasing, and 
the other is produced during the following 1/120 second in which frequency is decreasing. Thus the two 
curves are formed during the two periods of 1/120 second each, or in the 1/60 second in which the beam 
crosses the screen of the scope when the internal sweep is set for 60 cycles. 

The next step is to increase the horizontal gain of the scope and operate the horizontal centering control 
as required to center the S-curve that is complete. The result is shown at the right in Fig. 88-14. This sing-
le S-curve may be used for all alignment work in just the same way as the forward and reverse superimposed 
curves obtained with a synchronized sweep voltage. 

F-M RECEIVER ALIGNMENT. All of the methods which have been explained for alignment of television 
sound systems with sweep and marker generators and an oscilloscope apply also to alignment of the i-f 
amplifier stages and the demodulator transformer in f-m sound receivers. The center frequency for all f-m 
receivers designed during recent years is 10.7 mc. Band width for the i-f transformers should be about the 
same as for i-f transformers in television sound systems, or should be at least 200 kc. 

In cases where the generator connections would be to the grid of the tube preceding the sound takeoff in 
a television set these connections would be made to the r-f signal grid of a converter tube or to the grid of 
a separate mixer tube in an f-m receiver. If there is difficulty in obtaining an S-curve sufficiently high on 
the oscilloscope its vertical input may be connected to the plate of the first audio amplifier tube, which 
tube often is combined with the demodulator. If a limiter tube has a cathode bias resistor it usually is sa-
tisfactory to connect the oscilloscope vertical input across this resistor instead of to the limiter grid resis-

tor while aligning the i-f stages. 

VOLUME 
CONTROL 

Fig. 88-15. Points at which the VTVN1 is connected during alignment of a ratio detector. 
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Fig. 88-16. !lei() detector circuit variations, and points at which the VTV‘I is connected duringalignment. 

SOUND ALIGNMENT WITII VTVM. The entire television sound system may be aligned with an accurate 
constant frequency signal generator as the source and with a vacuum tube voltmeter as the indicator, in-
stead of with sweep and marker generators used in connection with an oscilloscope. Instead of a vacuum 
tube voltmeter it is possible to use a d-c moving coil meter having sensitivity of at least 20,000 ohms per 
volt. 

The signal generator may be connected through a capacitor to any of the points shown in Fig. 88-5 for 
the sweep and marker generators. For alignment of the demodulator transformer only, the signal generator 
may be connected to point A in that figure. For alignment of the sound takeoff and all following couplers, 
including the demodulator transformer, the signal generator may be connected to the grid of the tube pre-
ceding the sound takeoff. The generator must be tuned precisely to the sound center frequency, and is used 
without audio modulation. 

We shall deal first with alignment of sound systems in which the demodulator is a ratio detector. Con-
nections for the VTVIII vary with the manner in which the ratio detector is wired. Several common methods 
are shown by Figs. 88-15 to 88-17. 

In Fig. 88-15 the large load capacitor C has across it two resistors whose junction is connected to 
ground. As shown by broken lines there may be also two small capacitors whose junction is connected to 
the audio output line which goes to the volume control. Note that there is no capacitor in the audio output 
line to the volume control. 

At/ in Fig. 88-16 there is a single undivided resistor across the large load capacitor,and there are also 
two small capacitors whose center junction is connected to the audio output line. Note that there is a ca-
pacitor between the audio output line and the volume control. 
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Fig. 88-17. A ratio detector with its load connected only to ground, and connection points for the VTVM 
during alignment. 

At 2 in Fig. 88-16 is a variation sometimes found when the cathodes of some or all the tubes in the sound 
system are connected to plates and screens of i-f amplifiers and other tubes in a series B-supply arrange-
ment. There is only a single undivided resistor across the large load capacitor. 

In Fig. 88-17 the large load capacitor C has connected across it two resistors whose junction is not 
grolinded. There is a capacitor between the audio output lead and the volume control. This arrangement, 
like the one at 2 in Fig. 88-16, may be used with a series B-supply system. 

For alignment of the sound takeoff, any i-f amplifier stages, and also the primary of the demodulator 
transformer, the two leads from the VTVM may be connected to the two sides of the large load capacitor 
at the points marked P and P on all the ratio detector diagrams. In some of these circuits neither side of 
the large load capacitor is grounded. In this case, when connecting the VTVM across the load capacitor do 
not connect either meter lead to ground and make certain that the case of the VTVM is not grounded but 
is supported by insulation on the test bench or instrument shelf. 

In Fig. 88-15 the VTVM could be connected between either one of the points marker P and ground, which 
would place the meter across either half of the resistor combination which is in parallel with the load ca-

pacitor. 

With the circuit of Fig. 88-17 the VTVM may be connected in either of two ways. First, the meter may be 
connected from either of the points marked P to point S between the load resistors. Second, the meter may 
be connected between point S and point A on the audio output lead ahead of the capacitor in the line to the 
volume control. With either of these connections make sure that the case of the VTVM is not grounded. 

With the VTVM connected in any of the ways described, adjust all slugs or trimmers of the sound takeoff. 
of any i-f couplers which may be used, and also the primary of the demodulator transformer for maximum 

reading on the meter. 
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Now we shall consider alignment of the secondary in the demodulator transformer when the demodulator 
is a ratio detector. 

With a circuit such as shown by Fig. 88-15 connect the VTVM from point S to ground, or from the top of 
the volume control to ground. If there should be a capacitor in the line to the volume control, make the me-
ter connection ahead of this capacitor, not to the high side of the volume control. The same kind of meter 
connection, from point S to ground, will serve for the circuit at I in Fig. 88-16. 

The circuit at 2 in Fig. 88-16 does not allow using the VTVM for aligning the secondary of the demodu-
lator transformer. After the primary has been aligned as described, remove all the instrument connections, 
tune in a station, turn up the contrast control, and adjust the secondary for minimum buzz. This always is 
the final check with an intercarrier sound system, no matter what the alignment method. 

With the circuit of Fig. 88-17 connect the VTVM from point S, between the two load resistors, to ground. 

When the voltmeter is connected in any of the ways described for secondary adjustment, align the secon-
dary of the demodulation transformer for an exact zero reading which will occur between a positive peak 
and a negative peak as the adjustment is turned one way and the other. This is the zero point at the center 
of the S-curve. Make certain that turning the adjustment in one direction will cause a positive peak and 
then a decline of meter reading(one peak of the S-curve)and that turning the adjustment the opposite direc-
tion will cause a negative peak and then a decline (the other peak of the S-curve). Leave the adjustment 
for exact zero between the two peaks. If you should leave the adjustment for zero at the outside of either 
peak there will be no sound reproduction or very bad reproduction. 

If the demodulator is a discriminator type, such as shown by Fig. 88-18, there are two methods of align-
ment. For both methods the signal generator is connected to the grid of the tube ahead of the sound takeoff. 
The first method is as follows. 

Fig. 88-18. Points on a discriminator circuit to which the VTVM is connected during alignment. 
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Connect the VTVM between ground and point S, which is the audio output at any point preceding a ca-
pacitor in the line to the volume control. If there is no series capacitor, connect to the high side of the 
volume control. 

Detune the secondary of the demodulator transformer by turning its core out two or three full turns. 

Adjust for maximum meter reading (a) the sound takeoff, (b) all sound i-f couplers or transformers, and 
(c) the primary of the demodulator transformer. The output of the signal generator must be reduced as ne-
cessary to avoid limiting action. 

Now adjust the secondary of the demodulator transformer for exact zero between positive and negative 
peaks. Make sure that this zero is between the peaks. 

The second method requires changes of the VTVM connections, as follows. 

Connect the VTVM across a limiter grid resistor, point L to ground in Fig. 88-18, or across a limiter cat-
hode resistor. Adjust the sound takeoff and all the sound i-f couplers or transformers for maximum reading 
of the meter. 

Next, connect the VTVM between ground and the junction between the two discriminator load resistors, 
point P. Adjust the primary of the demodulator transformer for maximum meter reading. 

Finally connect the VTVM between ground and the audio output, point S. Adjust the secondary of the 
demodulator transformer for exact zero reading between positive and negative peaks. Take thé usual pre-
cautions to have the zero between two peaks. 

After any type of demodulator has been aligned the peaks of the S-curve may be checked with the VTVM 
connected as for obtaining a zero reading when adjusting the transformer secondary. 

First, tune the signal generator to the frequency at which there is a peak reading below the zero for cen-
ter frequency. Note this frequency, also the voltage. 

Second, tune the signal generator to the peak reading above the center frequency. Note this frequency and 
the voltage of the peak. 

The two frequencies should be about equally below and above the center frequency, and the two peak 
voltages should be approximately equal. Otherwise there is a possibility that the transformer secondary is 
misaligned. 

When working with an intercarrier sound system always make a final check for intercarrier buzz. Discon-
nect all the test instruments, connect the antenna, and tune in a station. Turn up the contrast control to 
produce a buzz, if this is possible. If there is a buzz, try making a slight readjustment of the demodulator 
transformer secondary to obtain minimum buzz. 
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LESSON NO. 89 

TELEVISION R-F OSCILLATOR ALIGNMENT 

There are two principal operations in aligning tuners of the types in general use. First, we adjust the 
frequency of the r-f oscillator. This is one of the most common service operations on the majority of 

receivers, and is quite easily performed. 

Second is adjustment of the r-f amplifier circuits. This part of the work consists of aligning the coup-
ling between r-f amplifier and mixer, and sometimes also the coupling between antenna and r-f amplifier. 
In some tuners there are accessible movable cores or trimmer capacitors for adjustment of these r-f cir-
cuits. Even then the operation requires great care and good testing equipment. In other tuners the r-f 
adjustments are of types difficult to alter until you have had considerable actual practice. Fortunately, it 
is only in rare cases that there is any real need to realign the r-f circuits. 

Both electrically and mechanically there are greater differences between various types of tuners than 
between any other parts of television receivers. In spite of these differences we may think of any tuner 
as consisting basically of the elements shown in Fig. 89-1. To begin with there is a coupling between the 
antenna or transmission line and the r-f amplifier. Sometimes this coupling is fixed for all channels. In 
other cases it is broadly tuned for the high band and tuned differently for the low band channels. Again 
there may be tuning adjustments for some channels but not for others, or there may be separate tuning 
adjustments for each and every channel. There may be one or two R.F. amplifier stages in the tuner. 

At B and C the output of the r-f amplifier is coupled to the input of the mixer. This coupling always 
must be tuned in some manner or other to suit the frequencies of each channel. The coupler may be a 
transformer, with a tuning adjustment at B for the r-f amplifier plate circuit on each channel, and another 
adjustment at C for the mixer grid circuit, again on each channel. There may be adjustments only for 
certain channels. Instead of a two-winding transformer with two adjustments this coupler may be an im-
pedance type, in which B and C are tuned at the same time. With either type of coupler there may be 
adjustments for each individual channel or for only some of the channels. 

The r-f oscillator must be tuned, at D, for each channel. The oscillator frequency must be different for 
each channel to be received. When this oscillator frequency is fed into the mixer, along with carrier 
frequencies from the r-f amplifier, the resulting beat frequencies become intermediate frequencies in the 

output of the mixer. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 89 — Page 2 

Fig. 89-1. The essential elements of a tuner. 

INTERMEDIATE 

FREQUENCY 

EFFECTS OF OSCILLATOR FREQUENCY. Before undertaking the alignment of r-f oscillators it is 
desirable to understand how the oscillator frequency affects relations between the r-f amplifier and the 
i-f amplifier of the receiver. The frequency response of the r-f amplifier is very wide, often being some-
what as shown at 1 in Fig. 89-2. This particular response curve is marked with frequencies which would 
exist when the receiver is tuned for channel 5. For other channels the shape of the r-f response would be 
similar but the frequencies would be those for each channel. 

We shall assume that our r-f oscillator is tuned to 103 mc, for reception on channel 5. This oscillator 
frequency will beat in the mixer with all the amplified carrier frequencies. The difference-frequency re-
sponse is shown at 2. This is the i-f frequency band at the output of the mixer. Note that the i-f response 
is just as wide as the r-f response, the difference being only in the frequency values. 

The i-f amplifier system is tuned or aligned to amplify a relatively narrow band of frequencies, as shown 
at 3. With the r-f oscillator correctly tuned the i-f band pass will have the frequency relation to the r-f 
band pass as shown. From zero gain to maximum and back to zero, every part of the i-f band pass falls 
on a portion of the r-f band pass where there is practically uniform gain. Then, for all the frequencies 
amplified in any degree by the i-f system, there will be almost constant r-f voltage input from the mixer 
plate to the i-f system. When this condition is realized in practice the output of the i-f amplifier to the 
video detector and sound system will be proportional to relative gains or to frequency response of the 
i-f amplifier. 

Supposing now that the r-f oscillator is incorrectly tuned to a frequency of 105 mc, still with the selec-
tor set for channel 5. The channel frequencies still come through the r-f amplifier as at 1 in Fig. 89-2. 
But with the changed oscillator frequency the beat frequencies or intermediate frequencies in the mixer 
output are as shown by curve 4. At the lower peak the frequency now is the difference between 105 mc 
from the oscillator and 82 mc from the r-f amplifier, or is 23 mc. By subtraction we find that the upper 
peak is at 29 mc instead of the original 27 mc. 
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CARRIER FREQUENCIES 
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Fig. 89-2. Relations between r-f and i-f frequency responses as affected by adjustment of oscillator frequency. 

Altering the frequency of the r-f oscillator has not changed the frequency response of the i-f amplifier 
system. Consequently, the i-f response has to match the changed range of intermediate frequencies. The 
relations between i-f and r-f band passes are as shown by curve 5. The entire i-f response no longer falls 
on the constant gain portion of the r-f curve. Rather the low-frequency end of the i-f response is well 
down on the r-f response, and in all probability there would be no reproduction of sound. 

Were the r-f oscillator incorrectly tuned at 101 mc the frequency relations between the i-f and r-f re-
sponses would be as shown at 5 and 6. Now the video intermediate frequency point of the i-f response 
comes where gain has commenced to drop off on the r-f response, and there would be difficulty in getting 
good picture reproduction, although there would be plenty of sound output. With an r-f band pass any 
narrower than has been assumed there would be real trouble with any appreciable mistuning of the r-f osci 
c illator. 
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Fig. 89-3. l-f responses for intercarrier sound systems (left) and for dual sound systems (right). 

W.ith intercarrier sound, and an i-f amplifier system aligned for suitable frequency response, it usually 

is possible to make slight alterations of r-f oscillator frequency without getting into serious difficulties. 
The reason is illustrated at the left in Fig. 89-3. Note that the low-frequency end or sound end of the 
i-f response has a long and gentle slope at the low level of gain required for the sound intermediate 

frequency. 

%\ hen the r-f oscillator frequency is altered to bring the video intermediate frequency higher or lower on 
the high-frequency slope the sound intermediate frequency is shifted to the left- or right. If the sound inter-

mediate is not moved to a point of excessively low gain, nor too high onto a sharply sloped part of the 
response the reproduction of sound will remain acceptable during a fairly wide change of video inter-
mediate frequency on the response slope. There will be a variation of sound volume, but this usually can 
be compensated for by adjustment of the volume control. 

Conditions with a dual sound system are represented at the right in Fig. 89-3. Up above the video i-f 

response is shown the sound i-f response for a maximum width of 300 kc. The peak of sound i-f response 
will fall at the same point on the video i-f response as a dip due to sound traps or to trap action of the 
sound takeoff. It is apparent that a very small shift of r-f oscillator frequency will move the sound inter-
mediate frequency not only off the peak of sound response, but completely beyond the range of any sound 
response at all. At the same time the sound intermediate frequency will move away from the point of trap 

attenuation on the video i-f response, and sound bars probably will appear in the pictures. 

With a dual or split sound system the r-f oscillator frequency must be exact within 0.05 mc or better to 
have acceptable sound reproduction. It is not possible to move the video i-f point up or down on the i-f 
response without losing the sound and, usually, without having sound bars in the pictures at the same time. 
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OSCILLATOR ADJUSTMENTS. Many tuners provide individual adjustments for oscillator frequency on 
each channel. A fairly typical arrangement is illustrated by Fig. 89-4. The separate oscillator inductors, 

one for each channel, are directly back of the front plate of the tuner housing, which is at the right in the 
picture. Inside each inductor is an adjustable core with a screw driver slot. The core slots are reached 

by inserting a screwdriver through openings in the front plate. The openings usually may be exposed while 
the chassis is in its cabinet by removing the dial plate or escutcheon on which are the channel numbers. 
This may also require removal of the tuning knob of the channel selector. 

The construction illustrated is that of a tuner employing a rotary selector switch and stationary in-
ductors. In some turret tuners with which the oscillator inductors rotate as the turret is turned from 

channel to channel, the inductor cores come successively into position behind a single opening in the 
tuner housing. The core which can be reached through this opening with the selector set for any given 

channel is in the oscillator inductor for that particular channel. There are, of course, many other ar-
rangements of oscillator tuning inductors or trimmer capacitors. Some are accessible with the receiver in 

its cabinet, while others require removal of the chassis in order to make adjustments. 

OSCILLATOR ALIGNMENT (Intercarrier Sound). It is possible to make oscillator alignments with or 
without testing instruments. The methods differ in some respects for receivers which employ intercarrier 

Fig. 89-4. Movable cores in the oscillator tuning coils are accessible through the front plate of this tuner. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 89 — Page6 

sound and for those having dual or split sound systems. Re shall deal first with methods requiring no 
instruments, as applied in the case of intercarrier sound. 

Set the channel selector to the lowest or highest channel in which there is reception for your locality. 
Let the receiver warm up for at least 15 minutes, adjusting the operator's controls as required. If there 
is a fine tuning control set it at approximately mid-range and leave it there during the entire process of 
alignment. Adjust the oscillator slugs or trimme.rs only with a non-metallic tool. Make certain that you 
alter the oscillator tuning only for the channel to which the selector is set, and be sure to change the 
selector when going from one channel adjustment to another. 

Adjust the oscillator tuning for the best possible detail in pictures or patterns, and with clear outlines 
of all objects. There must at the same time be ample sound output without having to turn the volume 
control to maximum. Do not try for the brightest possible picture, but for the best one. The brightest 
picture would mean that the video i-f point is too high up on the i-f response curve, and the sound i-f 
point doubtless would be too far down on the other side of the response. Repeat the operation for each 
channel in which there is transmission. 

The next method employs sound bars on the picture or pattern as the indicator for correct adjustment. 
Carry out the preliminaries as previously described. Adjust the oscillator slug or trimmer in the direction 
that causes the picture to become brighter and causes alternate lighter and darker sound bars to appear 
horizontally on the picture tube screen. Now turn the oscillator adjustment in the opposite direction just 
far enough to make the sound bars disappear. In carrying out this process you have left the video i-f 
point as high as possible on the response while moving the sound i-f point low enough to prevent inter-
carrier buzz and other causes for unsatisfactory sound reproduction. 

MARKER 

OSCILLO-
SCOPE 

SWEEP 

MATCHING 
PAD 

VIDEO 
DETECTOR 

Fig. 89-5. Instrument connections for alignment of the r-f oscillator.. 
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When the sweep generator, marker generator, and oscilloscope are used for aligning the r-f oscillator, 
connections are made as shown by Fig. 89-5. Since the generator signals will pass through the video i-f 
amplifier system on their way to the oscilloscope, this amplifier system should be in such condition as to 
provide a satisfactory frequency response. The steps in alignment are as follows. 

1. It is desirable, but not absolutely necessary, to override the automatic gain control. 

2. Disconnect the antenna or transmission line. 

3. Connect the sweep generator to the antenna terminals through an impedance matching pad, as shown. 
We shall discuss such matching pads a little later. Otherwise the sweep generator high side may be con-
nected through a 300-ohm carbon resistor to either antenna terminal, and the low side to chassis ground. 

4. Connect the high side of the marker generator through a small capacitor to either antenna terminal, 
and connect the low side to chassis ground. 

5. Connect the vertical input of the oscilloscope to the high side of the video detector load, and con-
nect a ground lead from the oscilloscope to chassis ground or to B-minus. 

6. Adjust the contrast control to its usual operating position. 

7. If there is a fine tuning control, set it at approximately mid-position and leave it there during all 
following steps. 

8. Turn on the receiver and all instruments, and let them warm up for at least 15 minutes. 

9. Place the channel selector in position for the lowest channel, number 2, while adjusting the oscil-

lator frequency for this channel. Then go to channel 3, and so on up to channel 13. Make sure that you 
alter the oscillator adjustment only for the channel to which the selector is set, and be sure to change the 
selector every time you go from adjusting one channel to the next channel. 

10. Use only a non-metallic alignment tool for making adjustments. 

11. For each channel proceed thus: 

a. Tune the center frequency of the sweep generator to get a response curve on the oscilloscope. 

b. Tune the marker generator to the video carrier frequency of the channel. The marker pip should 
appear about half-way down on the high-frequency slope of the response curve. 

c. Tune the marker to the sound carrier frequency for the same channel. For a receiver using an 
intercarrier sound system the pip should be no higher than 5 per cent of peak gain, and on the 
low-frequency slope of the response. 

This same method may be used for a receiver employing dual sound. The only change is in the very 

ast step, where the sound carrier pip should be in the dip caused by a sound trap or by the sound takeoff. 
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Now we may examine some methods of r-f oscillator alignment which are especially applicable where 
there is a dual sound system. Preliminary steps are much the same as for other alignment methods in 

which test instruments are employed. Briefly, they are as follows: Disconnect the antenna, set the con-
trast control to its usual position, place the fine tuning control at mid-position and leave it there, override 

the automatic gain control, be sure that the channel selector is set at the channel aligned. The sound 

i-f amplifier and demodulator positively must be in correct alignment. 

The first method employs the speaker or else an output meter for the indicator. In addition to observing 

the preliminaries already mentioned, set the volume control at about mid-position. 

A signal generator with a 60 or 400 cycle sweep should be used with this procedure and is connected to 
either antenna terminal and to ground. Tune the generator to the exact sound carrier frequency for each 

channel as the alignment proceeds. 

Vihen using the speaker as output indicator, adjust the r-f oscillator frequency on each channel for 

maximum sound loudness with the generator output as low as possible. 

MARKER SWEEP 

OSCILLO-
SCOPE 

Fig. 89-6. Connections for oscillator alignment when using the sound demodulator output with the indicator. 
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Instead of using the speaker, an output meter may be connected across the voice coil or to the audio 
output tube in the same manner as for aligning a standard broadcast receiver. Adjust the oscillator fre-
quencies for maximum meter reading with a low outp.ut from the signal generator. 

Instead of using a signal generator it is possible to make fairly good adjustments by tuning in a tele-
vision station on each active channel, then adjusting the oscillator frequencies for maximum sound volume 
or maximum reading of the output meter with the receiver volume control turned rather low. 

The second method of r-f oscillator alignment where there is a dual sound system employs a vacuum 
tube voltmeter as output indicator. Preliminary steps are the same as previously mentioned, except that 
the receiver volume control may remain turned down or off. 

The signal generator now used is a constant frequency type, connected to either antenna terminal and 
ground, and tuned to the exact sound carrier frequency for each channel aligned. This time the generator 
is used without modulation. 

The VTVNI may be connected to the audio output point of the demodulator, just as for alignment of the 
secondary in the demodulator transformer. On each channel adjust the r-f oscillator frequency for a zero 
meter reading which is sharply defined between positive and negative voltages or voltage peaks as the 
oscillator adjuster Is turned one way and the other from its correct setting. 

Instead of connecting the VTVN1 to the audio output of the demodulator, it may be connected across the 
limiter grid resistor, or it may be connected across the unbalanced output of the demodulator, exactly as 
when aligning the sound i-f amplifier and the primary of the demodulator transformer. Adjust the oscillator 
frequency on each channel for maximum meter reading while the output of the signal generator is very low. 

The third method which may be used where there is a dual sound system employs an oscilloscope, a 

sweep generator, and a marker generator. Like the oscilloscope method described in connection with 
Fig. 89-5, this one may be used with either type of sound system, either dual or intercarrier. That earlier 
method is, however, especially well suited for a receiver having intercarrier sound, while the present one 
is best adapted where there is dual sound. 

Instrument connections for the present method are shown by Fig. 89-6. As at 1 in the diagram, the 
marker generator is connected through a small capacitor to either antenna terminal, and to ground. The 
sweep generator is preferably connected to the two antenna terminals through a matching pad, but may be 
connected through a 300-ohm carbon resistor to either antenna terminal, and to ground. 

The oscilloscope is connected to the audio output of the sound demodulator, just as when aligning the 
secondary of the demodulator transformer. With a discriminator the scope would be connected as at / 
with its vertical input to an audio output point on the discriminator circuit. With a ratio detector the 
vertical input and ground of the oscilloscope might be connected as at 3, or, depending on the particular 
kind of detector circuit, connected in any of the ways explained in connection with alignment of the sec-
ondary for ratio detector types of demodulators. 

The channel selector of the receiver is turned to the channel for which the oscillator is first to be 
aligned, and the sweep generator is tuned and adjusted to bring an S-curve onto the screen of the oscillo-
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scope. The marker generator is tuned to the exact sound carrier frequency for the channel. Then the r-f 
oscillator is tuned or aligned to bring the marker pip to the center of the central slope of the S-curve. The 
process is repeated for each channel. 

MATCHING PADS. When the output of a sweep or other signal generator is connected to the antenna 
terminals of a receiver or tuner the impedances should be fairly well matched. The reason is the same as 
for matching of antennas, transmission lines, and receiver antenna inputs, it is to have maximum energy 
transfer while avoiding such wave reflections as would distort the frequency responses. Reasonably good 

impedance matching is necessary when aligning the r-f circuits of a tuner, and is highly desirable when 
other work is being done on the tuner. 

Signal generators of all kinds nearly always are equipped with shielded output cables which are made 
of coaxial transmission line conductors. You will have to take it for granted that the cable and the output 
control or attenuator in the generator are matched well enough to provide satisfactory transfer of signal 
energy into the cable. The cables supplied with some signal generators are fitted with impedance matching 
pads at the receiver or tuner end, the match usually being for a receiver input impedance of 300 ohms. In 
this case it is necessary only to connect the "terminated" end of the cable to the antenna terminals of 
the tuner or receiver in order to have good matching between the impedances of the cable and the receiver. 

If the generator output cable is not terminated with an impedance matching pad it is quite easy to make 
one with fixed carbon resistors connected as shown by Fig. 89-7. All three resistors may be of the small-
est wattage size. All three may have resistance values expressed in the " preferred numbers" which are 
readily available from supply houses. Resistor Ra is shunted across the cable conductors. Resistors Rb 
are alike, and are in series with the two leads for the antenna terminals. 

CENTRAL CONDUCTOR 
SHIELDj 

CABLE FROM 
GENERATOR 

o 
CABLE 
75 OHMS 

130e 

130Q 

TO ANTENNA 
TERMINALS 

C) 130S-2 

.> RECEIVER 
Y 91Ç1 300 OHMS 

130(.1 

Fig. 89-7. The circuit commonly used for impedance matching pads between generators and antenna terminals. 
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In diagram 1 we are assuming that the cable impedance is 75 ohms, that resistor Ra is 91 ohms, while 
the two lib resistors are 130 ohms each. The receiver antenna terminals are at X. The resistance or 

impedance across the receiver terminals is determined thus. The 75-ohm cable impedance and 91-ohm 
shunt resistance are in parallel with each other for a combined impedance of 41 ohms. This 41 ohms is 
in series between the two 130-ohm resistors to make a total resistance or impedance of 11 plus 130 plus 

130, or 301 ohms as seen by the antenna terminals. This matches the 300-ohm input impedance of the 
receiver. 

Impedance as seen by the cable is illustrated by diagram 2. The two 130-ohm resistors are in series 
with the 300-ohm input impedance of the receiver, making a total of 560 ohms. This 560 ohms is in par-
allel with the 91-ohm shunt resistor. The parallel resistance of 560 ohms and 91ohms is 78.3 ohms, which 
is good match for the 75-ohm impedance of the cable. 

Suitable resistor values for matching various line impedances to 300-ohm receiver input impedance are 
listed in the accompanying table for matching pads. 

MATCHING PADS FOR 300-OHM RECEIVER INPUT IMPEDANCE 

Shunt Series Resi stance At Resistance At 
Cable Impedance Res;stor Resistors Cable End Receiver End 

50, 52 ohms 
73, 75 ohms 

95, 100, 105 ohms 
150 ohms 

56 ohms 130 ohms 51 ohms 287 ohms 
91 ohms 130 ohms 78 ohms 301 ohms 

120 ohms 120 ohms 98 ohms 295 ohms 
220 ohms 100 ohms 153 ohms 289 ohms 

Although a matching pad helps greatly when it comes to observations of true frequency response, the 

pad severely reduces the signal voltage reaching the receiver. A response trace which hardly can be 
observed on the screen of an oscilloscope with a pad in use will rise to many times the height without the 
pad, when there is no change in the vertical gain control of the oscilloscope. Unless the generators are 
capable of giving strong voltage outputs, and the oscilloscope is highly sensitive, it often is a choice 
between observing a good trace without the pad and observing nothing at all with the pad. 

ALIGNMENT. Adjustments in tuned circuits between antenna and r-f amplifier, and between this 
amplifier and the mixer, should not be altered unless you know exactly what you wish to accomplish and 

are sure that you know how to do it. Correct r-f alignment can do wonders to improve the performance of a 
television receiver, especially in fringe reception areas, but incorrect adjustments can do just as much 
toward ruining the performance. 

The primary purpose of r-f alignment is to obtain maximum possible gain over a band width that includes 

both video and sound carrier frequencies, with something to spare on each side. It is worse than useless 
to obtain high gain over only a narrow band, for this will cause parts of the received signal to fall where 
there is little or no amplification. Unfortunately, band width and gain are mutually opposed, when either 
is increased the other will decrease. 

There is a natural tendency for band width to increase and for gain to decrease at higher frequencies 

or at the higher channel numbers. This is because energy loss and high-frequency resistance increase as 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 89 — Page 12 

Fig. 89-8. Variations in gains and bandpasses of r-f responses for the various ch.,nnels. 

frequency goes up. The natural widening of frequency response is opposed in many tuners by using 

looser coupling between tuned circuits at the higher frequencies. 

Even when there is band width compensation by change of coupling the relative gains and band widths 
in low-band and high-band channels are likely to be somewhat as shown by Fig. 89-8. The positions of 
the video carrier frequencies on the band passes are at V, and positions of sound carrier frequencies are 
at S. These two frequencies, which always have a constant separation, are on the outside of the r- f peaks 

for channel 2 and are well inside the peaks for channel 13. 

The shapes of the response curves need not be alike for all channels. In fact the responses hardly 
ever would be alike. Fairly typical differences between channels are illustrated by Fig. 89-9. Quite 

often the higher of the two peaks will be on one side of the responses in the low band and on the opposite 
side for the high-band channels. One of the peaks may become higher and higher as channel frequencies 

increase or decrease. There may be a nearly flat-topped response for any one channel, with unequal peaks 
developing on channels either higher or lower. Of the several responses illustrated, only the ones for 
channels 2 and 10 are practically flat-topped, but receiver performance was entirely acceptable on all 

channels. 

Principal requirements for the r-f response on all channels are illustrated by Fig. 89-10. The video 

carrier frequency should fall no lower on one side of the response than 75 per cent of maximum gain, and 
preferably is up on the peak or slightly inside the peak. The sound carrier frequency should fall no lower 
than 60 per cent of maximum gain on the other slope of the response, and preferably should be at or near 

the peak on that side of the curve. 
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Fig. 89-9. It-f responses may show decided differences on various channels. 

The top of the response curve should be as nearly flat as possible, but in making it flat for some chan-
nels you are likely to get excessive peaking on other channels. Consequently, it is necessary to make 
the best compromise adjustment that does not upset any one channel too much. It is, of course, desirable 
to have greatest possible gain so long as the other requirements are satisfied. 

TUNER CIRCUITS. There are so many variations in structural and circuit details of various makes and 
models of tuners that it would take up the space of many lessons to give explicit instructions for r-f align-

MAXIMUM GAIN — — 

75% — — — — — 

o 

CARRIER FREQUENCY LIMITS 

VIDEO SOUND 

1 1 

1 

— 60% 

Fig. 89-10. Features of the r-f frequency response which are checked during alignment. 
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Fig. 89-11. Elements generally employed in tuners having series inductors for channel tuning. 

ment of every separate unit. Even were this done we would have the problem of new designs which appear 
continually, every one at least slightly different from all the others. Construction details and electrical 
principles of many popular tuners have been explained in other lessons. To cover the methods of r-f 
alignment for all tuners, the present ones and those yet to come, we must base our work on certain general 
circuit principles which apply to all the varieties. 

Always there is a mixer and either one or two r-f amplifiers. When there are two r-f amplifiers with a 
tuned coupling between them, this coupling will be of a type which could as well be used between a single 
r-f amplifier and the mixer. Thus it becomes possible to consider any r-f amplifier system as a single 
unit connected between the antenna and the mixer. The r-f amplifier tube or tubes, also the mixer tube, 
may be either a triode or a pentode. The number of elements in these tubes makes no difference so far as 
alignment is concerned. 

A great number of tuners contain the circuits shown in simplified form by Fig. 89-11. here we have a 
tuned coupling between the antenna and the grid-cathode circuit of the r-f amplifier, and another tuned 
coupling between the plate of the r-f amplifier and the mixer grid. The three coupling inductors shown in 
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this diagram could be variably tuned for each channel by means of three rotary selector switch sections 
having on each rotor either a single contact tongue or a shorting segment. 

So far as alignment methods are concerned, this 
which the coupling elements are sections of shorted 
of inductors would consist of a pair of similar strings 
two switch sections and two rotors for each pair of 
each section of each tuned line are altered in the 
electrical balance, alignment of resonant line tuners 
lined for handling single section inductors in each of 

diagram may represent also the class of tuners in 
resonant lines. In this case each of the three sets 
instead of the single strings shown. There would be 
inductors. Provided the two similar adjustments on 
saine manner and by equal amounts, to preserve the 
differs but little from procedures which will be out-
the three positions. 

In addition to the parts shown by Fig. 89-11 the tuner would include the r-f oscillator and its tuned 
circuit, but since we are dealing now only with alignment of the circuits associated with the r-f amplifier 

tube the oscillator is omitted from this and several following diagrams. The tuned circuit shown between 
antenna and r-f amplifier grid often is omitted, being replaced by an untuned coupling or by a choice of 
two couplings which are broadly resonant in the low band and in the high band. 

Our circuit diagram illustrates an important feature which has come into increasing use during recent 
years, the use of trimmer capacitors Ca, Cb, and Cd. Capacitor Ca alters the tuning in the r-f amplifier 
grid circuit for all channels at the same time, either raising or lowering the resonant frequency on every 

channel. Capacitor Cb performs a similar function in the r-f amplifier plate circuit, and capacitor Cd does 
the same thing for the mixer grid circuit tuning. 

These overall adjustments allow easy compensation for differences between interelectrode capacitances 
when tubes are replaced. They also allow bringing the frequency responses for all three circuits into 
such relations as to provide maximum possible gain, and they allow making desirable changes in overall 

band width. 

Capacitors Cc and Ce provide coupling between the r-f amplifier plate and the mixer grid while acting 
also as blocking capacitors. Often you will find two or more such coupling capacitors, also inductive 

links and other coupling elements in this position. When a number of such elements are used the inten-
tion is to so alter the coupling as to maintain a fairly constant band width on all channels or, at least, on 
high-band and low-band channels. One of these coupling elements, as Cc in the diagram, often is adjust-
able. A weaker coupling narrows the band pass and usually increases the peak gain, while a closer 

coupling has opposite effects. 

The circuits between r-f amplifier and mixer may be either undercoupled or overcoupled. With over-

coupling the two circuits are separately tuned to the same frequency, usually to a frequency near the 
center of the band or slightly higher than the center. Then the two peaks move farther apart to increase 
the band pass as the coupling is made closer, and ^ome closer together to narrow the band pass as the 

coupling is made looser. 

When there is undercoupling one of the peaks will be affected chiefly by adjustments in the plate cir-
cuit of the r-f amplifier, and the other peak by adjustments in the mixer grid circuit. However, adjustments 
in either or both circuits will have some effect on both peaks and on the general form of the response 

curve. 
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Fig. 89-12. One plate of a selector switch used for channel tuning. 

In the circuit under discussion there are adjustable inductors for the high band on each of the three 
tuned circuits. These are inductors La for the grid circuit of the r-f amplifier, Lc for the plate circuit of 

this amplifier, and Le for the mixer grid circuit. There are other adjustable inductors for the low band on 
each circuit, these being Lb for the r-f grid, Ld for the r-f plate, and Lf for the mixer grid. 

These adjustable inductors commonly consist of small self-supporting coils such as those you can see 
on the switch plate of Fig. 89-12. At one end of the inductor string is a coil of three turns forming the 
high band adjustment. Then come the sections of practically straight wire providing the necessary added 
inductance for tuning through high-band channels 13 to 7. Next is a coil of 13 or 14 turns forming the 
low-band adjustment. The remainder of the inductor string consists of four smaller coils which provide 
the additional inductance for tuning through low-band channels 6 to 2. The coil inductors are adjusted by 
either spreading the turns for less inductance or squeezing the turns back together for more inductance, 

all of which will be explained in more detail a little later. 

Since the high-band adjustments, La, Lc, and Le of Fig. 89-11, are in circuit at all times they have 
some effect on all channels. But the inductances at these points are so very small tbey have negligible 
effect in comparison with the relatively large inductances in the low-band end of the string, while having 
a very considerable effect on all the high-band channels. The low-band adjustments, Lb, Ld and Lf, are 
in circuit only for the low-band channels. They affect the tuning of all channels in this band, but have no 

effect whatever on high-band tuning. 
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Later we shall learn how to alter the inductance between any two switch points, even where the in-
ductance is provided by a nearly straight wire. When making such alterations you must keep in mind that 
every alteration between two high-band points will affect the tuning of every channel of lower number. 
For example, if you alter the inductance between switch points for channels 11 and 10 this will affect 

the tuning for channels 10, 9, 8, and 7 — because the altered inductance remains in the active circuit for 
all these other channels, but is cut out of the active circuit for channels 11, 12, and 13. The same thing 
is true when altering any of the inductances in the low-band end of the string, every such adjustment 
affects all the channels still lower down. It is for this reason that alignment always must commence at 
the high end of inductor strings of this general type, and proceed through to the low end in order. 

Since any adjustment other than for the lowest channel in each band will affect other channels we 
often find that a compromise must be made by working back and forth from one end to the other in order 
to obtain the best average performance on all channels. If programs on one channel come through much 
weaker than those on other received channels, it may be advisable to make such adjustments as to favor 
this weak channel while somewhat reducing the response on channels where signal field strengths are 

greater in your locality. 

The rule about beginning the alignment on the highest channel is subject to one modification. There 
are a number of tuners of the general type being discussed in which adjustments for channel 2 affect all 
other channels. That is, there is an "end inductance" for channel 2 which remains in circuit for all 
channels. You can check for this effect by making a slight change on channel 2 while observing the re-
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Fig. 89-13. A step-tuned impedance coupling between r-f plate and mixer grid. 
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Fig. 89-14. The principal circuits in one style of turret tuner. 
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spon,se on another channel. If your adjustment alters the response for the other channel, the work must 
commence with channel 2, then go to channels 6 to 3 in order, and finally to channels 13 to 7 in order. 

It has been mentioned that the inductor string for the grid of the r-f amplifier often is omitted from the 
tuner. Further simplification is possible, as illustrated in Fig. 89-13, by using only a single inductor 
string as a tuned impedance coupling between the plate of the r-f amplifier and the grid of the mixer. 
Everything that has been said about band adjustments and individual channel adjustments for two or more 
strings applies where only one is used. Inductor Lc forms an adjustment for the entire high band, in-
ductor Ld is for the entire low band, the small sections of inductance may be altered to affect individual 
channels, while trimmer capacitor Ch may be provided to bring the entire tuned coupler into alignment with 

television carrier frequencies. 

Fig. 89-14 represents the elementary circuit for one style of turret tuner wherein an entirely different 
set of tuning inductors is brought into the active circuits by rotating the turret to the position for each 
channel. The important thing to note here is that again we have a tuned circuit for the grid of the r-f 

amplifier, another tuned circuit for the plate of this amplifier, and a third tuned circuit for the grid of the 
mixer, just as in Fig. 89-11. Also, we have the three overall trimmer capacitors Ca, Cb and Cd, for the 
three tuned circuits. 

In the type of turret tuner illustrated there is inductive coupling from antenna to r-f grid, and inductive 

coupling between r-f plate and mixer grid. In other turret tuners there might be capacitive couplings or 
combinations of inductive and capacitive couplings. Resonant frequencies for the coils of turret tuners 
may be altered by spreading or squeezing turns and by other means such as employed with any kind of 
tuner. Couplings and band width, also peak gain, may be altered by moving inductively coupled coils 
closer together for more width, or farther apart for less width and higher peaks. 
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Fig. 89-15. The principal circuits for a tuner employing continuously adjustable inductors. 

Fig. 89-15 represents the circuits for one kind of continuous tuner, with which the channel selector is 
moved not from one fixed position to another fixed position for each channel, but is turned much like the 
dial of a sound radio receiver until the desired channel is received with most satisfactory picture and 
sound. Contact sliders may move along a spiral inductor for all channels, or they may move on an in-
ductor formed into part of a circle for the high-band channels and on a looped inductor for the low band 
channels -- as in some of the tuners using "printed circuits". 

Once more we have the three tuned circuits, one for the r-f grid, a second for the r-f plate, and a third 
for the mixer grid. There are adjustable end inductors La, Lc, and Le which have their principal effect 
in alignment of the high band channels. Trimmer capacitors Cc and Ce allow adjustment of the degree of 
coupling between r-f plate and mixer grid, and thus allow altering the band width. 

Fig. 89-16 represents a style of tuner in which the channels are selected by adjustment of variable 
tuning capacitors rather than by changing the values of inductance. Another difference between this tuner 
and others which have been shown is in the use of two r-f amplifier stages instead of a single stage. 
Between the two r-f amplifiers and also between the second r-f amplifier and the mixer we have what 
amounts to tuned impedance couplers, which transfer the signals from stage to stage in the same basic 
manner as does the tuned impedance coupler of Fig. 89-13, although the form of coupler is radically dif-
ferent. Inductors jLc and j.Le for the high-band channels may be altered by spreading or squeezing the 
coil turns, and this method is used also for the low-band inductors Le and Lf. Band switches for changing 
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Fig. 89-16. The circuits for a tuner having two r-f stages and channel selection by variable capacitors. 

the inductors are omitted from the diagram. There are small trimmer capacitors Cb and Cd which are in 
parallel with the variable tuning capacitors. 

The types of tuners which have been illustrated 
the other in circuit arrangements, and would differ 
pearances. Yet in all of them we find essentially 
or tuned in much the same manner to produce the 
must be obtained from any tuner. 

by circuit diagrams are decidedly different one from 
even more in their mechanical constructions and ap-

the same fundamental elements which may be aligned 
signal transfer, amplification, and band width which 

Now we may proceed to what might be called the mechanics of tuner alignment, the precattions to be 
observed, the manner in which test instruments are connected and used, and how it is possible to raise 
or lower the frequencies in circuits employing any of the usual forms of inductance and capacitance. 
When applying these methods you must learn to look upon the tuner itself as consisting of certain es-
sential circuits which may differ greatly in construction and appearance, yet which must serve the same 
general purposes. 
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LESSON NO. 90 

TUNER ALIGNMENT 

In other lessons we have aligned the television or video i-f amplifier, the sound system, and the r-f os-
cillator of the tuner. The i-f amplifier and sound system are aligned before the r-f oscillator because sig-
nal voltages employed for oscillator alignment pass through the other two systems, and they should be in 
correct adjustment to avoid confusing difficulties. 

When both the r-f oscillator and circuits associated with the r-f amplifier are to be aligned,it is possible 
to perform either one of these operations before the other. If,however, voltage from a signal generator is to 
be introduced at the antenna terminals during oscillator alignment it usually is more satisfactory to first 
align the couplings for antenna, r-f amplifier, and mixer. 

‘lany tuners are fitted with shielding covers, one example of which is illustrated by Fig. 90-1. If a shield 
has to be removed while making adjustments on coils or other parts there usually will be major changes in 
gain, band width, and peaking when the shield is replaced. Some shields have openings through which align-
ment tools may be inserted. When a service shop handles many of some certain make and model of receiver 
or tuner it is common practice to make up a dummy shield with small openings for insertion of alignment 
tools. The dummy is used while adjustments are made, then is exchanged for the regular shield. 

If you have to make adjustments with a shield removed, the true effects can be observed only after the 
shield is back in place. Shielding made of sheet steel adds to the inductance and lowers the frequencies, 
while aluminum or other non-magnetic metal lessens the effective inductance and raises the frequencies 
when the shield is replaced. Cover plates on the chassis, or any other metal that comes near the tuned cir 
cuits acts like shielding, and when such parts are removed during alignment there are likely to be changes 
in frequency response when they are replaced. 

It seldom is necessary to disable the r-f oscillator when making r-f adjustments. In some cases the os-
cillator frequency may show up as a small pip or dip somewhere on the response curve, but this seldom is 
troublesome. 

A tuning wand is useful when adjusting any r-f circuit in which the inductor or coil can be reached. If the 
end of the wand cannot be brought to one end of the coil, or cannot be inserted into the coil form, simply 
hold the end alongside the tuned inductor. As always is true,if the iron end of the wand causes the desired 
change, the circuit should be adjusted for more inductance,while if the non-magnetic end makes an improve-
ment the circuit needs less inductance. 
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Fig. 90-1. A shielded tuner. The shield slides off the bottom of the franje. 

Use only non-metallic alignment tools for tuner adjustments. Even a small metal tip on a plastic or fibre 
handle will alter the resonance of high-frequency circuits. 

INSTI?1,11ENT CONNECTIONS. When using an oscilloscope for r-f alignment the sweep generator is con-
nected to the antenna terminals through an impedance matching pad. 

The marker generator high-side cable is connected through a fixed capacitor of almost any convenient 
value to either of the antenna terminals, and the ground of the cable is connected to chassis ground. The 
series capacitor is to prevent making a direct conductive connection between the output controls or atten-
uators of the two generators. These generator connections are shown by Fig. 90-2. 

The vertical input of the oscilloscope is most often connected to the grid circuit of the mixer, to which 
is applied the output of the r-f amplifier. This output is at carrier frequencies, which are much higher than 
any frequencies to which the oscilloscope will respond. But all mixers act as non-linear detectors or as 
partial rectifiers for the high frequencies. The mixer often is called the first detector of a superheterodyne 
system. Consequently there are in the mixer grid and plate circuits rectified voltages which will show up 
on the oscilloscope screen as a response curve for the r-f amplifier. 

Many tuners have a special connection point for the oscilloscope on the mixer grid resistor, as shown in 
Fig. 90-2. The resistor is in two parts, Ra being two to five per cent of the total resistance in Na plus Rb. 
This connection point often is easily accessible on the top of the tube shelf of the tuner in the form of a 
small wire nib or a small loop of wire. Otherwise it maybe reached from underneath the chassis.hen there 
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Fig. 90-2. Instrument connections for tuner alignment. 
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is no divided grid resistor the scope lead may be connected to the grid lug of the mixer socket through a 
fixed resistor of 10,000 to S0,000 ohms. 

If there is no grid leak on the mixer, the grid return for this tube may pass through tuning inductors to a 
biasing voltage or through a resistor to ground. The oscilloscope then may be connected to some point on 
this grid return circuit which is lower than the tuning inductors while being above ground potential. 

With the generator and scope connections as described there is only the amplification of the r-f amplifier 
tube. The gain is small because of the broad band tuning. For a readable trace on the scope screen the 
sweep generator should have an r-f output of at least 0.1 volt, and the scope must have vertical sensitivity 
on the order of 0.02 volt per inch or better. Even then, some tuners have so little gain on the high-band 
channels that response curves are difficult or impossible to obtain. 

If the contrast control acts on the r-f amplifier this control should be turned to maximum or nearly so to 
allow all possible gain. When an age system acts on the r-f amplifier the agc voltage should be overridden 
with a single dry cell providing 1V2 volt bias to maintain fairly high gain. Still greater gain may be had by 
grounding the low end of the grid return resistor on the r-f amplifier, to allow zero bias. h is not advisable 
to ground the age bus because this puts zero bias on all other controlled tubes and may allow their plate 
currents to become excessive. 

A frequency response observed at the mixer grid circuit will be affected by the tuned coupler which is 
between the mixer plate and the first i-f amplifier. If this coupler is a parallel resonant type, as at the left 
in Fig. 90-3, it will put a sharp peak on the r-f response,as shown down below. lf, as at the right, the coup-
ler is a series resonant type it will put a sharp dip in the r-f response. If a sound takeoff is in the mixer 
plate circuit there will be similar effects. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 90 — Page 4 

MIXER I-F AMP MIXER I-F AMP 

B+ 

R-F 
CHOKE 

Y\7  
Fig. 90-3. Effects on the r-f response of a tuned coupler between mixer and first i-f amplifier. 

To prevent such effects the coupler between mixer and i-f amplifier must be made non-resonant, This can 
be done by connecting a fixed resistor of something like 100 ohms across the tuned coil. In making such a 
connection do not run one end of the resistor to ground, because the other end will be at the B+ plate volt-
age on the mixer. Also, do not get one end of the resistor on the i-f grid side of a coupling and blocking ca-

OSCILLO-
SCOPE 

MIXER 

Fig. 90-4. Altering a mixer plate circuit to obtain an r-f response with greater gain. 
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pacitor, for this would put the high B+ voltage on the i-f grid. In many cases the detuning may be accomp-
lished by connecting from mixer plate to ground a fixed capacitor of 1,000 mmf or more, which should throw 
the resonant frequency well outside the band pass of the r-f amplifier. 

When your oscilloscope is not sufficiently sensitive, or the output of the sweep generator cannot be made 
great enough to obtain frequency response traces from the mixer grid circuit it is possible to obtain a much 
stronger response from the plate of the mixer tube. The mixer tube acts not only as a partial rectifier, but 
also as an effective amplifier for the output of the r-f amplifier. 

To obtain a true r-f response from the mixer plate it is essential to remove all affects of whatever coup-
ling is normally used between mixer and first i-f amplifier. There are various methods of doing this, but they 
vary between receivers and what works in one case may be useless in another. A method which has been 
found satisfactory with practically any receiver is illustrated by Fig. 90-4 and carried out as follows. 

Temporarily disconnect the plate lead of the mixer from everything that follows it. Connect this lead 
through a carbon resistor of about 20,000 ohms to the point of 13- plus voltage normally connected through 
the coupler to the mixer plate. From the mixer plate lead connect to chassis ground or ; 3-minus a mica or 
paper capacitor of not less than 0.005 mf and of any value up to 0.01 or 0.02 mf. Connect the vertical input 
of the oscilloscope to the junction of the mixer plate lead,the fixed resistor,and the bypass capacitor,with 
the scope ground connections to the chassis or I3- minus. The response trace now will be of the same form 
and band width as at the mixer grid, but much stronger or higher. ', hen you are through making adjustments 
don't forget to reconnect the mixer plate lead as you found it. 

The r-f response may be checked with a constant-frequency signal generator and a vacuum tube voltmeter 
connected as in Fig. 90-5. The generator output is connected through an impedance matching pad to the two 
antenna terminals of the receiver. With this connection the housing or case of the generator must be insu-
lated from the test bench and receiver chassis.Otherwise the high-side lead from the generator maybe con-
nected to either antenna terminal, and the low side to ground. This latter connection will give a weaker re-
sponse on most receivers. 

The vacuum tube voltmeter is used as a d-c instrument with its high side lead connected to the mixer grid 
return which is above ground potential, in the same way as explained for the scope connection of Fig. 90-2. 
With no signal voltage from the generator the VTVI will indicate the negative grid bias on the mixer tube. 
This bias voltage level will be the zero level so far as response or gain is concerned, and the actual re-
sponse will consist of variations from this level. 

The generator frequency is changed slowly through a range of frequencies from well below to well above 
the limits of the channel for which the receiver selector is set. The voltage is noted at every change of a 
few megacycles, also at the minimum for response peaks. 

The curve at the bottom of the figure was plotted in the manner described, with the receiver selector set 
for channel 7. In this example the tuner had relatively little comnensation for band width, which accounts 
for the response peaks being far outside the channel limits. On the low channels this tuner or receiver 
showed a much narrower band. To draw a response curve the readings of voltage versus frequency may be 
marked on a sheet of cross section paper, then a smooth curve drawn through the check points. It is not 
necessary to plot a curve,because your chief interest is in the relations between response peaks and chan-
nel limit frequency, and between the peaks and the carrier frequencies for video and sound. 

There is still another way of aligning the r-f circuits in the tuner when your oscilloscope is not sensitive 
enough to produce a readable response trace from voltages in the mixer grid circuit. This other method is 
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Fig. 90-5. R-f response may be checked or plotted by using the vacuum tube voltmeter. 

shown by Fig. 90-6. The oscilloscope is connected across the video detector load resistor, just as when 
aligning the video amplifier system. At this point we always have a strong response, easily read on any 
oscilloscope.The sweep generator is connected through an impedance matching pad to the two antenna ter-
minals, and is adjusted to sweep the band of frequencies for each channel being aligned or checked. 

The video i-f amplifier system, from mixer to video detector, must be in correct alignment. The response 
curve which appears on the oscilloscope will not be the r-f response, but will be the video i-f response as 
affected by alignment of the r-f amplifier circuits in the tuner. 

A marker signal may be introduced at either of three places. First, A, at one of the antenna terminals 
and ground, always using a series capacitor on the high-side lead. Second, anywhere on the mixer grid re-
sistor or anywhere on the grid return which is above ground potential, as at B. Third, C, at the video de-
tector load resistor, which is the same point to which the vertical input of the oscilloscope is connected. 

A marker signal introduced at the antenna terminals, A, must be in the range of carrier frequencies for 
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SWEEP MARKER 

Fig. 90-6. Connections for r-f alignment with the oscilloscope at the video detector load. 

the channel being checked. When observing this carrier-frequency marker pip keep in mind that the sound 
carrier is at a higher frequency than the video carrier, as shown at / in Fig. 90-7. Therefore, when you in-
crease the marker frequency this marker pip will move from the video side to the sound side of the trace, 
in spite of the fact that this is a trace of i-f response being taken from the output of the video detector. 
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Fig. 90-7. Response frequency relations with marker and sweep generators connected to the antenna terminals. 
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Now you may tune the marker generator to the video carrier frequency for the tuned channel and note 
where this frequency falls on the i-f response. It should be at 50 to 60 per cent of maximum gain, just like 
a video intermediate marker. Then you may tune the marker generator to the sound carrier frequency of the 
same channel, and note where this frequency falls on the i-f response trace. R-f alignment in the tuner may 
be altered to bring these two frequencies to their correct points on the i-f response. Such alignment will 
change the shape of the response trace in obtaining the desired results. 

When carrying out this process the frequency of the r-f oscillator must not be altered. This means that 
the fine tuning control must remain at the approximate mid-position where it was placed during alignment 
of the r-f oscillator. If you should alter the fine tuning control or in any other way change the frequency of 
the r-f oscillator, the entire response curve will shift to the left or right on the oscilloscope screen,but the 
marker pip will remain fixed. That is, you will shift the frequency response with reference to the marker pip. 

This shifting of the response by altering the frequency of the r-f oscillator is shown at 2. You might com-
mence with the marker pip at the center of the top of the full- line response curve. Altering the oscillator 
frequency by means of the fine tuning control or otherwise may shift the response trace to either of the 
broken-line positions. But the marker pip will remain in its original position on the screen, and will be at 
the corresponding positions on the shifted response curves. 

All these effects which occur with a carrier-frequency marker signal introduced at the antenna terminals 
will occur in just the same way with the marker voltage introduced at the video detector load,or at the ver-
tical input of the oscilloscope. This is the connection shown at C in Fig. 90-6. 

If your marker generator won't produce fundamental frequencies in the carrier range, quite likely it will 
produce harmonic frequencies in this range. As an example, you might want the sound carrier frequency for 
channel 7, which is 179.75 mc. You aren't going to get this exact frequency without crystal control or cali-
bration, but you may come close enough to 180 mc to give useful information on the approximate position of 
the sound carrier on the response trace.Later, during actual reception, the small necessary correction prob-
ably could be made by operating the fine tuning control. 

To obtain 180 mc as a harmonic frequency, assuming that the marker generator will produce high enough 
harmonics of good strength, the generator may be tuned to any simple fraction of 180. Sych fractional fre-
quencies would include 90 mc, Omc, 45 mc, 36 mc, 30 mc, 22.5 mc, 20 mc, and so on. The accuracy of the 
carrier-frequency harmonic will be the same as that of your fundamental tuned frequency, no better and no 
worse. If you miss by something like 2 per cent on the fundamental, the error on the high harmonics will be 
2 per cent. Should you happen to have a 4.5 mc crystal of 0.02 per cent accuracy, and a good crystal oscil-
lator, you might calibrate against the 40th harmonic of 4.5mc,which would be 180 mc, and this check point 
would come within 0.02 per cent of 180 mc. 

A marker voltage introduced at the mixer grid, R of Fig. 90-6, should be in the intermediate-frequency 
range which includes the video and sound intermediates for the receiver being worked upon. Now you must 
keep in mind that the sound intermediate frequency is lowek than the video intermediate frequency. There-
fore, as you increase the tuned frequency of the marker generator the pip will move across the response 
trace from the sound side to the video side, as shown at 1 in Fig. 90-R. Compare this with diagram 1 of 
Fig. 90-7, which applies to carrier-frequency markers. 

When the marker is introduced at the mixer grid, altering frequency of the r-f oscillator or changing the 
fine tuning control will shift the response trace to the left or right on the screen of the oscilloscope, but 
the marker pip will move right along with the trace. In other words, change of oscillator frequency leaves 
the i-f marker pip in its original position on the response. Altering the r-f amplifier alignment in the tuner 
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Fig. 90-8. Hesponse frequency relations with the marker generator connected to the mixer grid. 

now will alter the form of the i-f response trace. Changing the form or shape of the response will move a 
pip of any given frequency higher or lower with reference to peaks of the response, or will move the pip up 
or down on a slope of the response. 

If your marker generator produces fairly strong harmonic frequencies which are high enough to get into 
the carrier frequency range for the tuned channel there may be the rather peculiar performance illustrated at 
2 of Fig. 90-8. As a marker generator is tuned to a higher frequency the i-f pip will move toward the video 
side of the trace. But a carrier-frequency pip, due to a generator harmonic, will at the same time move to-
ward the sound side of the trace. Tuning the generator to a lower frequency reverses the direction of travel 
for both pips. Until you recall what is happening, it is rather confusing to see two pips chasing back and 
forth in opposite directions as you tune the marker generator. 

R-F ALIGNMENT ADJUSTERS. Now that we know how to observe and measure the results of altering 
the r-f response of the tuner we may consider some of the ways in which tuning of r-f circuits may be ad-
justed. We already are quite familiar with movable cores whose positions in their coils are changed with a 
non-metallic screw driver. Coils for timing low-band channels may have cores or slugs of powdered iron. 
'Nhen you turn an iron core farther into its coil the inductance is increased and the resonant frequency is 
lowered. Turning the core farther out has opposite effects. 

Coils for high-band channels often have cores of brass or other non-magnetic or weakly magnetic alloy 
metals.High band coils maybe tuned also by brass or other non-magnetic screws mounted outside the coils 
but arranged to turn closer to or farther from the coils. When a non-magnetic core or screw is turned farther 
into or closer to its coil the effective inductance is reduced and the resonant frequency is raised, the ef-
fects being exactly opposite to those of an iron core or screw. Turning a non-magnetic core farther out of 
or away from its coil increases the effective inductance and lowers the resonant frequency. 

In the tuner of Fig. 90-9 the r-f oscillator coils with individual movable cores are at the left. Back of the 
oscillator coils and at the top of the picture you will see two more coils having adjustable cores. These 
are the coils connected between switch taps for channels 7 arad 6, or connected between the high- and low-
band portions of inductances in the r-f plate circuit and mixer grid circuit, They alter the tuning for all low-
band channels, without affecting the high-band channels. 
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OSCILLATOR COILS LOW-BAND ADJUSTERS 

Fig. 90-9. Low-band adjusters having movable cores. 

All self-supporting coils, also some of those wound on forms,may be adjusted by spreading or squeezing 
the turns. Coils that are susceptible to this treatment are pictured in Fig. 90-10. It is plainly evident that 
some of these coils have had their turns slightly spread apart. Spreading the turns farther apart reduces the 
inductance and raises the resonant frequency. When the turns are squeezed back closer to one another the 
inductance is increased and the resonant frequency is lowered. 

To spread the coil turns without damaging the insulation use a s,nall non-metallic screw driver or similar 
tool. This may be done while watching a frequency response or a voltmeter reading. The turns may be 
squeezed by using two such tools, one for support and the other for pressing. Usually it is easier to turn 
off the receiver and squeeze the turns with a pair of thin-nosed pliers whose tips have been wrapped with 
cellophane tape to protect the coil insulation. Then turn on the receiver to note the results. When working 
on coils supported by a form it is advisable to spread or squeeze only the end turns. The effects on reson-
ance are the same no matter what part of a coil is opened up or pushed closer together. 

There are many tuners in which the inductors consist of wire loops or "hairpin coils", of which some 
forms are shown by Fits. 90-11. Such inductors can be pressed or twisted to change their inductance and the 
resonant frequency of their circuits. If we consider the frequency to be 100 per cent with a hairpin formed 
as at a, spreading the sides as at b will increase the inductance and drop the frequency to about 96 per 
cent. q.ith a circle, as at c, we have maximum possible inductance for the given length of wire, and fre-
quency drops still lower. Squeezing the sides of the hairpin close together,as at (1, reduces the inductance 
enough to raise the frequency to about 108 per cent of the original value. 
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Fig. 90-10. Small self-supporting coils for channel tuning may have their turns spread apart or squeezed 
together. 

The next four sketches e to h represent a hairpin inductor on which is a metal slider which maybe moved 
to short circuit the portion of the loop between its closed(upper)end and the slider. \loving the slider away 
from the closed end of the loop reduces the inductance and raises the resonant frequency about as indic-
ated. These sliders usually are held in position, and electrical contact is maintained, by soldering. You 
can loosen the solder with a hot iron while moving the slider one way or the other with fine nosed pliers or 
other suitable tool. 

In the lower part of the figure is shown a form of inductor often used between two plates or sections of a 
rotary selector switch. If you find such an inductor shaped as at i, and consider the resulting resonant fre-
quency to be 100 per cent, pulling the center loop toward the ends of the inductor reduces the inductance 
and would raise the frequency to about 105 per cent, as at j. Inductance is further reduced, and frequency 
raised, by squeezing one or both loops closer together as at k or 1. For changes of shape as illustrated the 
frequency percentages would be about as marked. 
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Fig. 00-11. Single-turn loops and hairpin inductors for channel tuning. 

Tuning inductors of this general style are used on the turret tuner strips pictured by Fig. 90-12. The 
general rule for altering the inductance and frequency of any single-turn coil or loop is this. Increasing the 
area enclosed by the active part of the inductor will increase the inductance and lower the frequency. Les-
sening the enclosed area drops the inductance and raises the frequency. These results are plainly apparent 
in Fig. 90-11. 

When working with very-high frequency circuits in tuners we must not forget that straight wires possess 
enough inductance to materially change the resonance point when the length of a wire is changed. A piece 
of number 22 gage wire one inch long contributes about 0.02 microhenry inductance to the total inductance 
in a circuit. If a circuit containing 20 mnif of capacitance is resonant at 180 mc, as an example, the induc-
tance must be approximately 0.039 microhenrys. Should you add one inch of wire in this circuit the induc-
tance would become about 0.059 microhenry, and the resonant frequency would go down to 147 mc. Ilemov-
ing an inch of wire would put the frequency up around 258 to 260 mc. The point is, you should not change 
a very-high frequency circuit by even so little as a fraction of an inch of wire — unless you wish to change 
the resonant frequency. 

The inductance of a straight wire is affected not only by length but also by diameter. Examples are shown 
at the left in Fig. 90-13. With a diameter of seven thousandths (0.007) inch, each inch of wire length pro-
vides approximately 0.030 microhenry of inductance. As diameter is increased, inductance decreases. A 
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Fig. 90-12. Tuner strips having single-turn coils for some of the tuned circuits. 

wire having diameter of one-eighth (0.125) inch has only a little more than 40 per cent as much inductabce 
as the smallest size represented. 

Technicians sometimes make good use of this change of inductance with change of wire diameter, in the 

DIAM. 
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Fig. 90-13. Effect of conductor diameter in inductance ( left) and a method of altering diameter and induc-
tance (right). 
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manner illustrated at the right. Here we have a section or plate of a selector switch to the contacts of which 
is attached the inductor wire for tuning the high-band channels, The short lengths of wire between contacts 
may be built up with solder, or spaces between contacts may be partially filled in with solder as shown 
between the contact points for channels 10 and n. The increase of effective conductor diameter would les-
sen the inductance for channels 9, 8, and 7. For all higher channels the lessened inductance would be 
shorted out of circuit, and would not affect the tuning. The built-up section will affect all channels for 
which it is in the active circuit, and will affect none of the channels for which it is shorted out. 

Wherever the tuning adjustments are held by solder or are made by adding or removing solder it is quite 
a job to make an alternation. Do not forget that the tuning wand nearly always may be used to determine 
whether diere should be snore or less inductance, or more or less capacitance, before making the more per-
manent changes. 

Adjustable cores and screws often are prevented from accidental turning by seals of various cements. 
A wax seal maybe loosened by heating the tip of a screwdriver to a temperature no higher than that of boil-
ing water, then holding the hot tip in the screw slot until the adjustment can be turned back and forth free-
ly. Then the regular non-metallic tool is used for making the alignment. 

Various cements require different kinds of solvents to free the adjustments. Solvents are available from 
radio and television supply stores. Lacquer thinner is effective for many cements, but if applied too freely 
or for too long it may attack the coil forms. Another solvent for many ce:nents is amyl acetate,which usual-
ly is called banana oil. 

The types of adjusters and adjustment methods which have been described in connection with r-f circuits 
in the tuner are used also for the r-f oscillator circuits. The same methods are employed for traps,and any-
where else that small inductances and small changes of inductance are required for tuning. 

TUBE REPLACEVENTS. Tubes used in the tuner eventually require replacement because of burnouts 
or other defects which may develope. For routine replacements use the same type of tube and, if possible, 
the same make as originally in the receiver. If the new tube alters the performance for the worse in any 
way, and you have access to a stock of tubes, try different ones in an attempt to find one that gives accep-
table performance. 

lecause tuned antenna circuits and tuned couplers between r-f amplifier and mixer tubes have broad fre-
quency responses it is quite likely that a new r-f amplifier tube will cause no difficulties, but this is not 
always true. Curve 1 of Fig. 90-14 is the frequency response at the video detector load resistor with sweep 
voltage introduced at the antenna terminals of a receiver in excellent alignment. Substituting a different 
r-f amplifier tube changed the response as at 2, placing the video carrier marker pip too low down and pro-
ducing a peak on the sound side of the curve. 

If there are trimmer adjustments for the grid and plate circuits of the r-f amplifier these adjustments 
usually will correct a condition such as shown by diagram 2. If the fault is apparent only on channels of 
one band, the alignment adjustments for that band may be changed. 

A new mixer tube ordinarily makes only slight changes in the overall frequencyresponse. A typical effect 
is shown by curve 3. A trimmer adjustment in the mixer grid circuit usually will overcome any difficulty. A 
change in position of the video carrier marker pip, as at 2 or 3, may be corrected by altering the setting of 
a fine tuning control or by realigning the r-f oscillator for channels affected.With a dual sound system such 
changes of oscillator frequency may have serious effects on the sound response,but with intercarrier sound 
there usually is plenty of leeway. 
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Fig. 90-14. The shape of the r-f response and the positions of marker pips may be altered by changing the 
tubes. 

Replacing the r-f oscillator tube, or a combined oscillator-mixer tube, nearly always will change the os-
cillator frequency enough to shift the response curve up or down in frequency, and to displace both the 
video and sound carrier frequencies. In most cases a correction may be made by altering the fine tuning 
control or, better, by realigning the oscillator tuning when this is not too inconvenient. A new oscillator 
tube sometimes will shift the response so far that the fine tuning control cannot bring it back.This is illus-
trated by curve 4. Then the oscillator circuit must be realigned if the particular tube is the only one avail-
able. 

PREAMPLIFIERS. A preamplifier or television "booster" is a device containing one or more carrier-
frequency amplifying stages arranged for connection between the transmission line and the antenna termi-
nals of a receiver to increase the signal input. Preamplifiers are used in areas where signal field strength 
is low, or they may be used anywhere with receivers having insufficient gain on some or all channels. 

There is as great variety in circuit and construction details of preamplifiers as of television tuners. 
Many of the common features are illustrated by Fig. 90-15. Amplifier A is used for high-band channels and 
amplifier B for low-band channels. Switching is handled by a rotary selector switch having fivo sections, 
numbered from I to 5, with three positions or three contact points on each section. The transmission line 
is connected to the rotors of switch sections I and 3. The rotors of sections 2 and 4 are connected through 
a short piece of added transmission line to the antenna terminals of the receiver. 

In the grid circuit of each amplifier tube is an antenna coupling transformer, and in each plate circuit is 
an output transformer. The grid and plate transformers are tuned for the various channels in each band by 
movable cores operated together from a tuning knob or dial. Each of the movable cores is individually ad-
justable for alignment, and in each grid circuit is a trimmer capacitor used for alignment. Similar trimmer 
capacitors may be used in the plate circuits. 

• 
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Fig. 90-15. Circuits such as found in preamplifiers or television boosters. 

Selector switch sections are shown in their high-band positions, with which the transformer windings for 
amplifier 4 are connected to the antenna and receiver, while windings for amplifier /3 are disconnected. In 
the low-band positions the transformers for amplifier 1? are connected,and those for amplifier A are discon-
nected. In the off positions the two conductors from the regular transmission line are directly connected 
through the preamplifier to the length of transmission line going to the receiver, and the transformers for 
both amplifiers are disconnected. 

The power supply, shown at the bottom of the diagram, contains a half-wave selenium rectifier and a re-
sistance-capacitance filter. The power supply is controlled by switch section 5. In the high-band and low-
band positions the primary of the power transformer is connected to the line so that voltages and currents 
are applied to the plates, screens, and heaters of both tubes. In the off position the transformer primary is 
disconnected from the line, making both tubes inactive. 
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Fig. 90-16. Construction of a single-tube preamplifier having movable cores for channel tuning. 

In many preamplifiers a single amplifier tube is used for both hands. This requires, in addition to the 
switch sections of Fig. 90-15, additional sections for connecting the grid and plate of the single tube to 
either of the transformers. Fig. 90-16 is a picture of the interior of a preamplifier having only one tube, and 
employing movable coil cores for tuning all the transformer windings. The amplifier tube or tubes may be 
either pentodes or triodes. As a general rule both the grid circuit and plate circuit are tuned, although in 
some designs there is adjustable tuning for only the grid or only the plate. 

Instead of tuning the circuits with movable cores for the coils there maybe a multisection variable tuning 
capacitor. Then the core adjustments are used only for alignment. A number of preamplifiers are tuned for 
each channel by means of tap switches, on the order of the one for which a section is shown in Fig. 90-11. 
Still others have continuous tuning by means of sliders rotated on coiled or spiral inductors. As mentioned 
before, there may be two amplifying stages, or a single stage may be used for the low-band channels where 
signals are relatively strong, and two stages for the high-band channels with their weaker field strengths. 

It is important to have the best possible impedance match between the output of a preamplifier and the 
antenna terminal input to the receiver. The match sometimes may be improved by trying different lengths of 
connecting line, by transposing the two concuctors either at the preamplifier or the receiver, or by using a 
matching stub at either end of the connection. A good impedance match is important also between the regu-
lar transmission line and the input to the preamplifier. Some of these devices llave impedance matching 
transformers. With others it may help to use a matching stub. Transposing the line conductors at the pre-
amplifier may improve the results. 
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DETECTOR PROBES FOR SERVICE OPERATIONS 

A number of important service operations cannot be performed satisfactorily with either the vacuum tube 
voltmeter or the oscilloscope without the help of a detector probe of the kind pictured in Fig. 91-1 or some-
thing generally equivalent. When a detector probe is connected to a circuit carrying a signal-modulated 
high-frequency voltage, the signal or the modulation is obtained from the probe output. A probe is roughly 
the equivalent of a video detector which may be connected to any circuit, and which will deliver the modu-
lation of a signal existing in that circuit. The modulation from the probe may be applied to a vacuum tube 
voltmeter, an oscilloscope, or other test instrument. 

'Within the tubular shielded probe is the detector element, usually a germanium crystal diode, also capa-
citors and resistors required to complete the demodulation circuit. A high-frequency modulated signal 
voltage usually is taken into the probe through an insulated metallic point or clip which is applied to the 
circuit being checked. There is also a ground lead, usually fitted with a spring clip. The output from the 
probe passes through a shielded cable to a phone plug or other connector which fits the input terminals of 
the indicating instrument. 

Doubtless you have noticed that in none of the service operations previously described has the oscil-
loscope been connected other than to a point where there is a demodulated or partially rectified signal, 
such as to the video detector to some point following the video detector, to the sound demodulator, or to a 
sound limiter. If you connect the oscilloscope directly to the grid or plate of an r-f amplifier or to either a 
video or sound i-f amplifier there will be no useful trace. This is because no ordinary oscilloscope has ap-
preciable vertical gain at frequencies so high as in these amplifier circuits. 

The d-c input of the vacuum tube voltmeter has been similarly connected only where there is a demodu-
lated signal voltage. This is because the a-c input of the usual VTVM is of such low impedance as to 
virtually short circuit any high-frequency signal voltages, and because the d-c input, while of high resis-
tance, is quite useless for measurement of alternating voltages. A suitable detector probe will demodu-
late the high-frequency signals and filter the remaining alternating voltage to allow measuring the rectified 
direct voltage on the d-c ranges of the VTVM. 

At 1 in Fig. 91-2 is the circuit for a detector probe adapted for observation of television signal wave-
forms on the oscilloscope. Note that the crystal rectifier X is shunted across the input and ground sides 
of the circuit. Blocking capacitor Ca prevents any d-c voltages in the tested circuit from entering the 
probe, but freely passes the alternating signal voltages. The crystal is paralleled by load resistor Ra. 
Resistor Rb is in series with the high-side lead that goes to the vertical input of the oscilloscope. The 
shield of the cable is connected to the probe shield and to the ground lead. The same basic demodulator 
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Fig. 91-1.. A detector probe with its cable. 

circuit may be used to observe frequency responses on the oscilloscope or voltages on the vacuum tube 
voltmeter, but for such use there usually is an added filter capacitor Cb of diagram 2. Typical values for 
the various elements are as follows. 

FOR SIGNAL WAVEFORMS FOR FREQUENCY RESPONSE 
AND VTVM 

Blocking capacitor Ca. 

Load resistor Ra. 

Filter resistor Rb. 

Filter capacitor Cb. 

100 to 500 mmf 

1,000 to 15,000 ohms 

5,000 to 20,000 ohms 

500 to 5,000 mmf 

100K to 1 megohm 

100K to 1 megohm 

None to 500 mmf 

In Fig. 91-3 the crystal is connected in series with the line that goes from probe input to output. For 
waveform observation there ordinarily is only a single filter capacitor, Cb in diagram 1. When the probe 
is to be used chiefly for observing frequency responses or for use with a vacuum tube voltmeter there may 
be an added filter capacitor, Cc of diagram 2. Values for the elements may be as follows. 

FOR SIGNAL WAVEFORMS FOR FREQUENCY RESPONSE 
AND VTVM 

Blocking Capacitor Ca. 20 to 500 mmf 500 to 5,000 mmf 

Load resistor Ra. 300 to 10,000 ohms 100K to 1 megohm 

Filter capacitor Cb 5 to 50 mmf 500 to 2,000 mmf 

Filter capacitor Cc. none 20 to 50 mmf 

Most satisfactory values in ranges 
istics of your oscilloscope. 

listed for waveform observation will depend largely on the character-
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Fig. 91-2. Probe circuits with crystal detectors shunted across the input. 

1:%hen used with a fairly sensitive oscilloscope the probe circuits of diagrams 1 in both figures will allow 
observation of television signal waveforms in both the vertical and horizontal scanning intervals when 
connected to video i-f amplifier circuits anywhere from the mixer output to the video detector input. Un-
fortunately, these probe circuits which are well suited to waveform observations are seldom satisfactory 
for observing frequency responses, their tendency being to produce a trace with a single rather sharp peak 
when the true response may be broad and formed with two peaks. The probe designs of diagrams 2, and 
the element values listed for them, are satisfactory for observing frequency responses as well as for 
measurement of voltages with the VTVM. As between the designs with shunted and series crystals there 
is little to choose when each is suited to its particular application. 

o 

CA 

RA 
CC CB 

TO 

VTVM 

Fig. 91-3. Probe circuits with crystal detectors in series with the line. 
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When a detector probe is connected to the d-c input of a vacuum tube voltmeter the indicated voltages 
will not be correct unless the probe is designed or manufactured especially for use with the particular 
voltmeter. Even then the voltage readings with the probe in use are subject to all the errors discussed in 
connection with rectifier voltmeters in general, since the probe is a rectifier used with the d-c circuits in 
the meter. 

Probes assembled according to designs and element values of Figs. 91-2 and 91-3 allow comparative 
voltage readings at frequencies between 1 and about 50 megacycles. At audio and power line frequencies 
the voltage readings will be much too low, because of the large reactances of input capacitors Ca at these 
frequencies. These low frequencies may be more accurately measured for voltage by using the regular a-c 
input connections of the VTVM. 

Crystal diodes are small enough to easily fit within probe housings of 3/8 to 1/2 inch diameter. The 
other elements must be small enough to assemble in the general manner illustrated by Fig. 91-4, so that 
everything may be slipped into the housing after the wiring connections are complete. All resistors may 
be of the smallest 1/2-watt size. Capacitors are small cylindrical ceramic types with either radial or axial 
pigtail leads. Paper capacitors sometimes are used, but the ceramics give better results at high fre-
quencies. The input blocking capacitor, Ca in the circuit diagrams, must have a voltage rating amply high 
to withstand the B-voltage in any plate circuit to which the probe may be connected. The rating should 
not be less than 600 volts d-c or peak. 

All the elements within the probe must be shielded and the shield must be connected to the ground lead 
and to the cable shield. Otherwise there will be strong pickup of 60-cycle power fields and other electrical 

interference, while all indications will be affected by your body capacitance when holding the probe. If 
wiring joints and element terminals first are covered with insulation the shielding may consist of a wrap-
ping of tin foil or aluminum foil which will be concealed within the outer housing. 

The probe housing may be of plastic or fibre. If it is of metal there must be an insulating covering 
around the outside. Without such a covering the grounded metal might come in contact with high-voltage 
conductors in a receiver, and you might get a severe shock by accidentally touching such conductors while 
holding the grounded housing of the probe. 

The ground lead with its spring clip terminal must be connected to the circuits inside the probe, as 
shown by the circuit diagrams. Do not use a separate ground wire or cable extending from the oscillo-
scope, the VTVM, or other indicating instrument. With the ground lead connected into the probe itself all 
high-frequency circuits are completed from the input point through this lead back to the apparatus being 

Fig. 91-4. The parts of a probe are small, and are assembled for compactness. 
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Fig. 91-5. Probe circuits in which the detectors are diode or triode tubes. 

• 

tested, and only the low-frequency demodulated currents or the rectified direct currents pass through the 
output cable of the probe. Otherwise the high-frequency circuits would be extended all the way through 
an external ground wire and the central conductor of the cable. 

Probes may be constructed with miniature tubes instead of crystal diodes as the detector elements. 
Several detector tube circuits are shown by Fig. 91-5. At 1 there is a single-element diode, such as the 
type 9006 which is designed for operation at very-high and ultra-high frequencies. The circuit is generally 
equivalent to those of Fig. 91-2 and the same letter identifications are used for the various parts. The 
cable must be a shielded two-conductor type, with the shield used for one side of the heater circuit and 
one of the conductors for the other side. Capacitor Ch may or may not be used, depending on the appli-
cations of the probe. 

In diagram 2 the tube is a twin diode. Section A is used as the detector, just as in diagram 1. Section 
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Fig. 91-6. The parts of a probe in which is a high-frequency diode tube. 

B is employed for balancing out the contact potential effect of section A. The remainder of the balancing 
circuit, which would be in the VTVM or other indicating instrument, is like this type of circuit explained 
in connection with vacuum tube voltmeters. The additional diode for balancing of contact potential some-
times is located within the indicating instrument rather than in the probe. 

In diagram 3 the tube is a triode, or it may be a triode-connected pentode. This tube is operated as a 
grid leak detector which, as you will recall, is a very sensitive detector of weak voltages and has the 
aided advantage of providing a fair amount of amplification between plate and grid. This arrangement, 
like that in diagram 2 requires a shielded three-conductor cable with the insulated conductors used for 
the output, the B-plus voltage, and the heater current. 

Fig. 91-6 is a picture of a detector probe employing a tube diode. Since the tube and its socket require 
a probe housing of fairly large size the capacitors and resistors need not be quite so small as with the 
crystal diode probes. The tube shield and base shield have been removed to allow showing the internal 
construction in the photograph. 

DE TUNING AND LOADING EFFECTS. In the wiring, capacitors, resistors, shielding, and the crystal 
or tube of every probe there are considerable values of capacitance and inductance when considered 
from the standpoint of high-frequency operation. These properties of the probe will detune any resonant 
circuit to which the probe is connected for testing. The higher the operating frequency the greater will be 
the detuning effect, as measured in megacycles off resonance. To have the indications represent actual 
behavior without the probe connected it is necessary to retune the measured circuit to resonance while 
the probe is in place. After the probe is removed tfe tuning must be restored as originally found. Need-
less to say, this tuning and retuning seldom is done during ordinary service work. 

Regardless of how small may be the capacitances of capacitors and of how great may be the resistances 
of resistors in the probe its input impedance will be quite low at television intermediate frequencies. and 
very low at television and f-m carrier frequencies. There are dielectric losses in all insulating materials, 
the ordinary types of resistors drop their impedance to a small fraction of their d-c resistance above about 
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10 mc. It should be noted that the effective capacitance of a crystal diode is only about 2 mmf and the 

plate-cathode capacitances of tube diodes are on the order of 1% to 3 mmf, so these elements are not 

responsible for much of the impedance drop. 

Measurements on three probes constructed according to the circuits of Figs. 91-2 and 91-3 showed im-
pedances at 10 mc of 680, 1,500, and 2,700 ohms, while at 25 mc the impedances were 500, 800, and 1,800 
ohms. These low impedances do not cause serious trouble with measurements in the i-f and r-f circuits of 
television receivers, because the effective load resistances in these circuits are quite low in order to 

have broad band response. The loading effect of a probe is, however, great enough to require changes of 

the contrast control and possibly of the fine tuning in order to obtain satisfactory indications. 

The capacitances and inductances of the parts and wiring in a probe will be resonant at some fairly 

high frequency. That is, the probe by itself is a complete resonant circuit. If the self-resonant frequency 

should fall within the band where you are making tests, as within the frequencies being delivered from 
a sweep generator, there will appear peaks and dips on the oscilloscope trace which are due to the probe 

rather than to the circuit being cliecxed. Although carefully constructed probes usually have self-res-

onances around 100 mc, many of them are resonant in some of the television i-f ranges, and even in the i-f 

range for f-m receivers. 

When using any probe keep the housing and shield on a line extending away from the receiver circuits 
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Fig. 91-7. Instrument connections for observing the frequency response of a single amplifying stage. 
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rather than letting it lie nearly parallel to wiring and parts of tested circuits. This precaution applies 
also to the probe cable. Connect the ground lead or clip to a chassis ground or a B-minus point as close 
as possible to the point of high-side connection, thus keeping the path for measured high frequencies well 
confined. 

SINGLE STAGE RESPONSE. The frequency response of any one amplifying stage may be observed 

with the marker generator, sweep generator, and oscilloscope connected as in Fig. 91-7. The high sides 
of the generator cables are connected through small capacitors to the grid of the tube which precedes the 
coupler whose response is to be checked or which is to be aligned in producing some desired response. 
The vertical input of the oscilloscope is connected through a suitable detector probe to the plate of the 
tube which follows the coupler. 

When checking the first i-f amplifying stag the generators would be connected to the mixer grid, and 
for all other stages to the grid of an amplifier tube. When checking or aligning the coupler that is between 
the last amplifier and the video detector the oscilloscope is connected without the detector probe to the 
high side of the video detector load resistor, but the probe must be used for all other stages. 

Do not connect the generators to the plate of the tube ahead of the coupler being checked, and do not 
connect the probe to the grid of the tube following. Such connections would completely detune the coup-

ler. Do not remove the tube ahead of the coupler nor the tube following it, for the tube capacitances form 
large parts of the tuning capacitance for the stage. 

At the outer ends of the stage responses the gains will be very small, yet great enough that following 
amplifying stages can bring the total or overall response for these small gains up to whatever is needed 

at the output of the video detector. In one of the earlier i-f stages the gain at the video intermediate fre-
quency might be about as indicated at the left in Fig. 91-8, yet in the detector output the gain at this 
frequency will be half or more of the peak gain, as shown at the right. 

SINGLE STAGE 

VIDEO 
I-F 

VIDEO 
I-F 

Fig. 91-8. Small gains in early amplifying stages are brought to much higher levels at the output of the 
amplifier system. 
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To check the ends of the response traces move the marker pip by tuning the marker generator, and as 
the pip moves down and out onto the ends of the trace keep increasing the marker output until the pip 
cannot be seen even with maximum output. Consider this marker frequency to be that for zero or near zero 
gain in the stage being checked. 

Not only any single stage but any combination of stages may be examined in the same general manner. 
You might connect the generators to the grid of a first i-f amplifier and connect the probe and scope to the 
plate of the third amplifier. The resulting trace would show the combined response of the two couplers 
which are between the first and third i-f amplifier tubes. 

It is possible also to examine the stage by stage responses by keeping the generators connected to the 
mixer grid and moving the detector probe successively from the plate of the first i-f amplifier to the plate 
of the second amplifier, then to the third, and so on. The final check would be with the oscilloscope con-
nected directly, without the detector probe, to the video dete.ctor load. 

Single stage alignment and stage by stage alignment is by far the most satisfactory way for obtaining 
correct adjustments of overcoupled transformers used as interstage couplers. By checking each stage, and 
possibly observing the stage by stage response as more and more stages are included, it is quite easy to 
align these couplers for approximately equal peak amplitudes and to have the peaks equally distant from 
the mid-frequency of the response. 

Response voltages at various frequencies in any single stage or for any combination of stages may be 
measured or compared by using a constant-frequency signal generator, such as a marker type, and the 
vacuum tube voltmeter. Instrument connections are like those of Fig. 91-7 except that the sweep gene-
rator is not used and the detector probe is connected to the d-c input of the VTVM instead of to the verti-
cal input of the scope. 

As the signal generator is tuned through the range of frequencies amplified by any stage or stages the 
pointer of the VTVM will rise and fall in accordance with gains at each frequency. As a general rule the 
meter will indicate some relatively small voltage no matter to what frequency the signal generator is tuned. 
This may be noise voltage in the amplifier, it may be amplified voltage from stray fields, and very likely 
it is amplified signal voltage which enters the receiver even with the antenna disconnected. Make a test 
by temporarily turning off the signal generator. If the meter voltage remains steady it may be neglected 
and the stage gains considered as readings in excess of this minimum. If the voltage reading varies more 
or less continually you should connect shorting capacitors as at a and b of Fig. 91-7 ahead of and fol-
lowing the stage or stages to be checked. These capacitors should be of about 1,000 mmf. 

If, when working with the oscilloscope as a frequency response indicator, there appear any peaks or 
dips which obviously should not be there it is advisable to connect the shorting capacitors before and 
after the circuits being checked. The peaks or dips are caused by couplers preceding and fo'llowing the 
tested circuits. 

Fig. 91-9 illustrates a method for checking the frequency response of a single stage without using a de-
tector probe. The oscilloscope or VTVM, whichever is to be used as output indicator, is connected to the 
video detector load resistor and left there for all tests. The video detector provides the necessary demodu-
lation for the oscilloscope or provides signal rectification to allow using the d-c ranges of the VTVM. 
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Sweep and marker generators are used when the output indicator is an oscilloscope. For the VTVM as 

output indicator only a constant-frequency signal generator is needed, not a sweep generator. The gene-
rator or generators are connected in the usual way to the grid of the mixer tube. All the interstage coup-
lers except the one whose frequency response is to be checked are temporarily shorted with resistors of 
300 to 500 ohms, marked R-R-R on the diagram. Be sure to get the shorting resistors across the coupler 
inductors or capacitors only, do not get them from the B-plus voltage in a plate circuit to ground or B-
minus. 

The frequency response now becomes practically flat for all couplers having the resistance shorts, 
leaving the overall response that of the one stage not shorted. This method requires a strong signal volt-
age from the sweep generator or the constant-frequency generator, since there are no resonant gains from 
the shorted couplers, although the tubes still provide amplification. Instead of keeping the generators at 
the mixer grid for all tests they may be moved to the grid of the tube preceding whatever coupler is being 
checked or aligned, this being the coupler not shorted. If more than one stage is left without a short, the 
overall frequency response will be that for all the unshorted stages working together. In this way it is 
possible to make stage by stage checks, first with shorting resistors on all couplers except the one fol-
lowing the mixer, then removing the resistors one by one until all are taken off and there is the overall 
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Fig. 91-9. Checking the response of a single stage with all other stages detuned by shorting resistors. 
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response of the entire amplifier system. 

VIDEO AMPLIFIER RESPONSE. The video amplifier system, between the video detector and the grid-
cathode circuit of the picture tube, has a great deal to do with picture quality because the response of 
this amplifier determines the relative gains at high and low video frequencies or picture signal frequencies. 

A method of checking the relative gains at higher frequencies is illustrated by Fig. 91-10. To the input 
of the video amplifier system, which is the same as the output of the video detector, is connected an r-f 
signal generator operated with audio modulation. This generator should have a calibrated output, or the 
output should be continually measured with a VTVNI and detector probe, in order that the signal fed into 
the video amplifier may be of constant strength at all frequencies. 

The detector probe on the oscilloscope is connected to the output of the video amplifier system, which 
is the same as the input to the grid- cathode circuit of the picture tube. The scope is used with its internal 
sweep adjusted to show a trace of the audio modulation from the signal generator. Since the audio modu-
lation at the signal generator should remain of constant percentage, any variation in the height of the 
trace on the scope will be due to greater or less gain for the r-f signal voltages coming from the signal 
generator through the video amplifier. 

OSCILLOSCOPE 

SIGNAL GENERATOR 

VIDEO 
AMP. 

VIDEO 
DETECTOR 
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RELATIVE 
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DETECTOR 
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Fig. 91-10. Measuring voltage gain in a video amplifier at various frequencies by using the oscilloscope 
for a voltmeter. 
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The signal generator now is tuned from its lowest radio frequency through to something more than 5 mc. 
The changes of trace height will show, approximately, the relative amplifier gains at the tuned fre-
quencies. The cutoff frequency, between 3.0 and 4.5 mc, will show up very definitely as the trace height 
drops practically to zero. Since r-f signal generators seldom will deliver frequencies much below 100,000 
cycles or 0.1 megacycle, this method is not useful for checking the video amplifier response at the low 
frequencies. 

This check of frequency response may be carried out equally well with the vacuum tube voltmeter in-
stead of the oscilloscope, since the scope is used merely as an indicator of relative voltages. The same 
detector probe which is used for the scope (the type used for frequency response) is connected to the d-c 
input of the VTVN1. The signal generator need not be operated with audio modulation when the VTVM is 
used as the output indicator. In fact, it is advisable to turn off the modulation and feed only the radio-
frequency signal voltages through the video amplifier. 

In making these tests you must realize that the detector probe is not compensated for frequency. Fui'. 

MARKER SWEEP 

VIDEO 
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DETECTOR 
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Fig. 91-11. Connections for measuring video amplifier response by using swept frequencies increasing from 
zero. 
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thermore, energy losses in the probe and its connections are greater at frequencies of several megacycles 
than a few hundred cycles. This will cause the indications of a VTVM or the trace height on a scope to 
decrease to a greater extent than the amplifier gain decreases as the test frequency is increased. Also, 
some small voltage will be indicated by the meter or there will be some height of the oscilloscope trace 
even with zero output from the signal generator. These effects are due to varying or alternating voltages 
present when the receiver is turned on. The response at some frequency such as 7 to 8 mc should be 
considered as zero amplifier gain. 

It is a simple matter to observe a trace of video amplifier frequency response on the oscilloscope if 

you have a suitable sweep generator. First, the generator must be capable of operating at a center fre-
quency of two to three megacycles so that, with the sweep width set for about five or six megacycles, the 
total sweep will extend down to zero frequency and up through the high-frequency limits for video ampli-
fiers. Second, the sweep frequency should be produced by beating together of two fundamental frequencies, 
one fixed and the other varying. Neither of these frequencies should be a harmonic if confusing effects 
are to be avoided. 

Instrument connections are made as in Fig. 91-11. The high-side cable from the sweep generator is 
connected through a capacitor of about 1,000 mmf to the grid of the first video amplifier tube or to the grid 
of the single video amplifier when there is only one. The high side of the marker cable is connected to 
the same point through a capacitor of 20 to 50 mmf. The vertical input of the oscilloscope is connected 

Fig. 91-12. Frequency responses of a video amplifier with the contrast control adjusted for normal recep-
tion ( 1), turned very low (2), and turned too high (3). 
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through a detector probe to the output of the video amplifier system, which most often is at the control 

grid of the picture tube. 

To begin with, set the sweep center frequency at about 3 mc and the sweep width for about 5 mc. With 

the contrast control of the receiver set as for normal picture reception the response trace on the oscillo-

scope should appear somewhat as shown at I  in Fig. 91-12. The response rises rapidly from the point of 

zero frequency at the left, remains reasonably constant between one peak at a low frequency and another 
caused by the peaking inductors between 3 and 4 mc, then drops to zero at 4.5 mc due to the trap effect of 

a sound takeoff. There is a slight rise beyond 4.5 mc and then a final drop to zero. 

If the contrast control is turned almost all the way down the response changes as shown by curve 2. 
Although the low frequencies now are very weak the peakers still produce a decided hump around 3 to 4 

mc. Turning the contrast so high as to cause unsatisfactory picture reproduction raises the low-frequency 

response very high, as in curvell, but does not have any great effect on the high-frequency hump. The 
"fuzz" that shows underneath the trace lines is due to beating of the fixed and varying frequencies in the 

sweep generator. 

Since no marker generator will furnish frequencies all the way from zero to four or more megacycles 
the frequencies along the response curve can be identified only within the range of whatever marker is 
available. To check the low-frequency end of the curve it is possible to employ an audio-frequency signal 

4 

Fig. 91-13. Video amplifier response traces obtained by beating the frequencies of a sweep generator and 

a constant-frequency generator. 
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generator with this end of the response spread out as wide as the horizontal gain control of the scope will 
allow. As a general rule enough information for service work may be obtained by checking frequencies 
from about 0.1 mc through the ugh-frequency peak and the cut off point of the curve. 

When the sweep generator will not operate at center frequencies so low as three megacycles it still is 
possible to observe the frequency response of the video amplifier. This is an alternating method but is not 
recommended, since the desired wave form may be extremely difficult to obtain and interpret with the usual 
shop equipment. The instrument connections are exactly the same as in Fig. 91-11, but it is necessary to 
remove the effects of all circuits ahead of the input to the video detector. This may be done by taking out 
the detector tube in sets whose heaters are in parallel, or the detector input (either cathode or plate) may 
be connected to ground through a capacitor of about 1,000 mmf, or the circuit between detector and first 
video amplifier may be temporarily opened at any solder joint. In the latter case be sure not to open the 
grid return circuit of the video amplifier. 

The next step is to adjust the center frequency of the sweep generator to any convenient frequency, 
such as 10 to 20 mc. Then, with maximum output voltages from both the sweep and the marker generators, 

vary the frequency of the marker until the oscilloscope displays a trace on the general order of that shown 
at 1 in Fig. 91-13. Now change the marker frequency very slowly, or else change the sweep width slowly, 
until you obtain a trace such as shown at 2. 

The vertical line at the left of this trace is at the point where the marker frequency is equal to the 
sweep frequency, and indicates zero frequency so far as input to the video amplifier is concerned. It is 
zero frequency for the amplifier input because you are feeding into the amplifier the beat frequencies which 
are combinations of the constant frequency from the marker generator and the varying frequencies from the 
sweep generator. The sharp vertical line is the frequency of zero beat. 

Varying the setting of the receiver contrast control will change the response in the same general way as 
when using other methods. As an example, turning down the contrast control will change the response 
from the trace at 2 to the one at 3 in Fig. 91-13. Unless the sweep and marker generators are capable of 
furnishing high output voltages a readable trace can be secured only with the receiver contrast control 
turned rather high. Consequently, this method is likely to show greater -than normal heights for the low-
frequency end of the response. It still allows checking the high-frequency peak and the cutoff. To identify 
the points at which various frequencies fall on the response trace it is necessary to use still another 
generator to furnish a variable marker pip. 

TRAPS FOR INTERCARRIER BEAT. In receivers having a dual sound system there often is a trap for 
keeping the intercarrier beat frequency of 4.5 mc out of the picture tube input. The trap may be located 
anywhere between the output of the video detector and the grid or cathode of the picture tube. To adjust 

this trap proceed as follows. 

Connect a constant-frequency signal generator to the grid of the first video amplifier tube or to the 
grid of any video amplifier which precedes the trap. The generator must be tuned accurately to 4.5 mc, 
preferably by a check with crystal calibration or by using a 4.5 mc crystal in the generator. The d-c input 
of the vacuum tube voltmeter is connected through a detector probe to the grid or cathode of the picture 
tube, whichever of these elements receives the picture signals. Use the signal generator without audio 
modulation. If the contrast control of the receiver acts on any video amplifier tube, set this control at 

maximum. 
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MARKER SWEEP 

Fig. 91-14. Checking the frequency response of an i-f amplifier in the sound system. 
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Now adjust the trap for the lowest possible reading on the VTVM. Increase the output of the signal 
generator as the trap is brought more nearly to its point of final adjustment. The meter reading can be 
reduced to a minimum, but not to zero, because voltages at frequencies other than 4.5 mc always are 
present. 

Incidentally, this procedure without any changes whatever may be used to check the tuning of the sound 
takeoff in a receiver having an intercarrier sound system. The takeoff should absorb or remove maximum 
energy at exactly 4.5 mc, and when it does so the input to the picture tube will be a minimum at this fre-
quency. In other words, the intercarrier sound takeoff behaves just like a trap for removing the inter-
carrier beat frequency. 

SOUND 1-F ALIGNMENT. The frequency response of the portion of the sound system from the takeoff 
through to the primary of the demodulator transformer may be observed with the connections of Fig. 91-14. 
The sweep and marker generators are connected through the usual capacitors to the grid of any tube which 
precedes the sound takeoff. This may be any tube from the mixer through to the last video amplifier, it all 

depends on where the sound signal is taken off. The oscilloscope is connected through the detector probe 
to the plate of the tube which feeds into, the primary of the demodulation transformer. This ordinarily 
would be the driver with an intercarrier sound system or the limiter with a dual sound system. 
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Fig. 91-15. Vertical blanking intervals and sync pulses observed in the video i-f amplifier system. 

For an intercarrier sound system the center frequency of the sweep generator is adjusted for about 4.5 
mc. For a dual sound system the sweep center is adjusted for the sound intermediate frequency employed 
in the particular receiver. The sweep width will have to be something like two or three megacycles in or-

der to display the sound system response on the oscilloscope. 

The first check would be with the marker turned to precisely 4.5 mc for intercarrier sound or to the 
sound intermediate frequency for dual sound. The pip for this frequency should be at or very close to the 
center of the response. Then the marker may be tuned to identify the frequencies or any peaks or valleys 
on the response, and to check the band width. 

Alignment adjustments may be made as required in the takeoff coupler and in any sound i-f couplers 
which may be used. The general methods of alignment and the results to be secured are the same as ex-
plained for methods employing other types of output indicators, the only difference being that here we are 
using the detector probe. The probe may be connected also to the plate of any sound i-f amplifier tube to 

check the response through couplers as far as the one in the grid circuit of this i-f amplifier. It is pos-
sible to observe the frequency response of any one sound i-f stage by using connections essentially like 
those of Fig. 91-7, with the generators to the grid of the tube that feeds the coupler in question, and with 
the scope to the plate of the tube following this coupler. 

PREAMPLIFIER ALIGNMENT. The output from a preamplifier or television booster is at carrier fre-
quencies, and requires demodulation before it can be observed or measured on an oscilloscope or any ordi-
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nary type of vacuum tube voltmeter. The demodulation is best provided with a detector probe used with an 

oscilloscope. 

The sweep generator should be connected through an impedance matching pad to the input or antenna 
terminals of the preamplifier. The marker generator high side is connected through a fixed capacitor to 
either input terminal, and the low side to chassis ground. The preamplifier output terminals, from which a 
short line normally goes to the receiver, should be connected together with a fixed carbon resistor of about 
300 ohms to simulate the 300-ohm input impedance of a receiver. The high side of the detector probe then 

is connected to one side of the carbon resistor and the ground lead of the probe is connected to the other 
side of the resistor. The preamplifier may be tuned to any channel and the sweep generator center fre-
quency adjusted to bring a response trace onto the oscilloscope, or the sweep may be adjusted to sweep 
some channel and the preamplifier tuned to produce the frequency response trace. 

Instead of using the detector probe with an oscilloscope it may be used on the d-c input of a vacuum 

tube voltmeter. Then the preamplifier may be aligned to produce voltage peaks at or near the video and 
sound carrier frequencies of each channel, or near the channel limits if the band width is great enough, or 
near the center of the channel frequencies if the response shows only a single peak. 

The preamplifier alignment adjustments are made in the same manner as those for the r-f amplifier or 
r- f-to-mixer coupling in a television tuner. There may be trimmer capacitors, adjustable coil cores, coils 

Fig. 91-16. Horizontal blanking intervals, sync pulses, and picture line signals observed in the i-f 

amplifier system. 
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suitable for spreading or squeezing, and all the other types of adjusters found in tuners. If good picture 
quality is important the preamplifier should be aligned for band width not less than 6 mc on every channel. 
If maximum gain is the chief desire, the alignment may be made to produce a peak at or near the video 
carrier frequency while maintaining fair gain at the sound carrier frequency. 

The peaks, valleys, band widths, and general shapes of the responses for various channels quite often 
will differ radically. As when aligning the r-f circuits of tuners it usually is necessary to make compro-
miss adjustments to obtain acceptable results on all channels, or else to make adjustments which favor 
channels in which there is weakest reception. 

SIGNAL WAVEFORMS. In the early part of this lesson we discussed two general types of detector 
probes, one especially suited for observation of television signals as they exist in circuits between the 
tuner and video detector, the other better suited for observing frequency responses and for use with the 
vacuum tube voltmeter. It is the latter type which is most generally employed for service work, and it is 
the type employed in the various tests and measurements which have been described up to this point. 

There are, however, certain kinds of troubles whose causes are fairly easy to locate if we can follow a 
received signal from the tuner to the video detector input, and for such jobs it is necessary to use a probe 
that will demodulate the signals and al/ow their display on the oscilloscope. The receiver is operated 
just as for normal reception, with its regular antenna and transmission line connected. Pictures may be 
seen on the picture tube at all times and the audio portion of transmitted programs is heard from the speak-
er. The detector probe, connected to the vertical input of the oscilloscope, is used at the plates of the 
video i-f amplifiers and at the mixer plate. The same signal would appear at the grid of any given tube, 
but there is somewhat less loading and detuning effect with the probe used at the plate. Both plate and 
grid signals may be observed in checking for a faulty tube or for anything that affects operation of a tube. 

For observation of signal waveforms at vertical scanning frequencies the internal sweep of the scope is 
adjusted for 60, 30, or 20 cycles per second. For checking horizontal line intervals the internal sweep 
is set for 15,750 cycles, 7,875 cycles.or• 5,250 cycles, depending on how many line intervals you wish to 

see at one time. 

At 1 in Fig. 91-15 is a trace of a vertical blanking interval and some of the lines on either side with the 
oscilloscope connected directly to the load resistor of the video detector, without the probe. This trace 
is shown merely for comparison with the one shown at 2 which is taken with the detector probe connected 
to the plate of the second i-f amplifier. This trace does not differ a great deal from the one taken at the 
detector load resistor. A trace from the plate of a third i-f amplifier would be still more like the one 
from the video detector. 

As we move back toward the mixer the traces lose some of the features of the actual signal, and take on 
others. At 3 is shown a trace of a vertical blanking interval and some of the horizontal lines with the 
detector probe at the plate of the mixer tube. We still have enough of the signal characteristics for easy 
identification of faulty performance. 

At 1 in Fig. 91-16 is shown a trace of two horizontal blanking intervals with the horizontal sync pulses 
and the intervening picture signal. This trace was taken without the detector probe, with the oscillo-
scope connected directly to the video detector load resistor. At 2 is a trace of the same horizontal inter-
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val taken with the detector probe connected to the plate of the second i-f amplifier. There has been quite 
a loss of detail, but the sync pulses and even part of the form of the " back porch" still are clearly recog-
nizable and would allow identification of faulty performance. 

A trace of horizontal intervals taken from the third i-f amplifier would be much more like the one at the 
detector load, but in going the other direction there is greater deformation of the waveform, as illustrated 
at 3, which is a trace with the detector probe at the plate of the first i-f amplifier. At the plate of the 
mixer there usually is so much distortion that you would not recognize the vertical blanking intervals and 
sync pulses other than knowing from experience what you are looking at. 

It always is much easier to observe the vertical than the horizontal intervals at any point along the 
amplifying system. This is no great handicap, because in the great majority of cases the presence of a 
good signal as observed at the vertical frequency means that the horizontal pulses are satisfactory. This 
is not always true, but observation of the vertical signals will allow either the elimination of trouble 
possibilities or else the identification of faulty performance. Of course, if you have the composite tele-
vision signal in one stage, and it becomes lost or badly deformed in a following stage, the hunt for trouble 
is narrowed to a very small section of the receiver. 
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SYSTEMATIC TROUBLE SHOOTING 

There are all kinds of television service men, good, bad, and indifferent. The ones who are most suc-
cessful in the profession, and make the most money, are those who can shoot trouble fast. They are the 
technicians who spend a relatively short time on a faulty receiver and determine what is wrong. Anyone 
possessing reasonable skill in handling tools then can replace or repair the defective part or parts— while 
the expert trouble shooter goes on to analyze other sets which still other helpers will repair, once they 
have been told what to do. 

Hit and miss methods of trouble shooting often get by when handling sound radios which contain only a 
few dozen parts. Within an hour at most it is possible to check everything from antenna to speaker. But 
this won't work when you are faced with the four or five hundred circuit elements and parts of a television 
receiver. You must follow a system based on picture analysis, signal tracing, waveform analysis, and sec-
tionalizing of possible faults. Then, in a matter of minutes, you can eliminate whole sections and divi-
sions of the receiver as being incapable of producing the trouble which exists, and quickly narrow your 
search to a single circuit or a small group of parts in which the fault must lie. 

There are three preliminary steps to be taken when commencing to look for any kind of trouble. 

1. Check the performance on more than one channel. The transmitted signal itself may be at fault. If 
the trouble disappears on another channel, suspect the first station. If the trouble remains, suspect the 
receiver or its installation. 

2. Observe the effect of all controls which are accessible to the operator. Turn each control slowly to 
note any erratic behavior. Make a final adjustment for the best possible performance. The.owner or oper-
ator may need instruction for correct use of the controls. 

3. Turn the selector to a channel in which there is no transmission. Increase the brightness control to 
illuminate the picture tube screen and produce a raster, if possible. Should the original trouble remain, the 
fault probably is in parts of the receiver from sweep oscillators to picture tube. If the trouble disappears, 
the fault probably is between antenna and sweep oscillators, or may be in the received signals. 

Vihen.checking service adjustments which are generally accessible from the rear of the chassis, place a 
fairly large mirror in front of the picture tube and facing the rear so that you may observe the effects of 
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Fig. 9 2-1. The receiver is to be considered as consisting of various separated sections, in each of which 
certain faults may occur. 

settings. An unbreakable light-weight mirror suitable for use on service calls consists of a 10 by 14 inch 
chrome ferrotype plate, obtainable from any photographic supply store. 

SECTION.4LIZING. The basic principle in fast trouble shooting is to divide and subdivide the possible 
sources of trouble. For example, supposing there are 100 possible faults. Your first test or observation 
may show that 60 of them cannot cause the existing difficulty, which leaves 40 to be suspected. A second 
check may eliminate 24 additional causes, leaving 16 possibilities. A third check may eliminate 10 more, 
leaving 6 parts or circuit elements for intensive examination. This, of course, is an ideal example. Real 
jobs may not be quite so easy. But the principle of dividing and subdividing must be followed if you are to 
attain speed. 
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Think of any television receiver as consisting of the divisions and subdivisions named in Fig. 92-1. 
Visualize the signal paths from antenna to picture tube and speaker. This would work out in a typical 
case as follows. Assume there is a raster, but neither picture nor sound. You should draw these con-
clusions. 

1. To produce a raster, both the vertical and the horizontal sweep sections, also the high-voltage power 
supply, must be working. They need not be examined. 

2. All the sections mentioned draw energy from the low-voltage power supply, so it may be eliminated 
as the cause for trouble. 

3. There is neither picture nor sound. This could result from failure of the low- voltage power supply, 
but we have determined that this section is working. It is highly unlikely that anything serious would de-
velope in the picture section and sound section at the same time. If this is a dual I.F. receiver, we may 
assume for the time being that the sound section is OK, and that everything from the i-f amplifier through 
the picture tube input is working. 

4. All that remains is the tuner, the transmission line, and the antenna as the most likely locations for 

trouble. 

After noting any trouble symptoms and combinations of symptoms, decide which sections of the receiver, 
if at fault, could cause all these symptoms at once. The fault is in one of these sections. Note also 
whether the picture, the raster, or the sound is satisfactory, and decide which sections must be working 
correctly to produce these results. The fault won't be in these sections. 

Once you determine what sections, sub-sections, or circuits are probably at fault, it becomes a matter 
of substituting tubes, of measuring voltages, and of measuring resistances in these sections or circuits. 
Thus the trouble finally is traced to a tube, a capacitor, a resistor, an inductor, an adjustment, or a faulty 
circuit connection. 

PICTURE ANALYSIS 

A television picture may be perfect, or it may be faulty in more than fifty different ways. Each of all 
these faults may result from any one of a number of troubles. Recognizing the picture defect and knowing 
its most probable causes is the process of picture analysis. 

Just what causes a particular picture defect depends largely on the type of receiver. Lists of troubles 
which are to follow apply in a general way to all kinds of receivers. A given defect may result from a cer-
tain trouble in one receiver, and from something entirely different in another set. This is especially true 
of troubles in the sync, sweep, and horizontal afc systems. 

Any trouble serious enough to produce a major picture defect is almost certain to produce minor accom-
panying defects at the same time. For example, poor resolution or lack of detail accompanies a great many 
other faults, and so does non-linearity of one kind or another. Many troubles are intermittent, they come and 
go at irregular intervals. The causes are the same as for similar continual troubles, usually aggravated by 
poor wiring or terminal connections or by resistors that heat and cool as they work and stop working. 
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Picture analysis is far from being a certain means for spotting particular troubles. It gives you the most 
probable causes. There are many unusual combinations of troubles which might cause the same defect as 
some simple single trouble. The troubles which are illustrated in following pages are given certain names 
as a matter of convenience and as a means for classification. Different technicians use different names 
for the same things. What we call a wavy picture may be called a rippling picture. Our bending often is 
called pulling. We speak of resolution, which is just as correctly called definition. We speak of smears, 
which someone else may call trailers. 

TEST P IT TERNS. Faults in reproduction are more easily recognized by observing test patterns than 
actual program pictures. A test pattern is a design on the general order of the one shown in Fig. 92-2. All 
the major television broadcasting stations transmit their individual test patterns for short periods of time 
befare the regular daily program schedules, and sometimes between programs. The chief difficulty in using 
test patterns for trouble shooting is that the patterns are available for only a brief period of time. 

A test pattern is designed to emphasize faulty reproduction, and to clearly bring out faults which sel-
dom would be noticed in a picture where there is perspective and more or less continual movement of peo-
ple and objects. As an example, horizontal resolution or rendering of details along horizontal trace lines 
may be observed and measured by the vertical wedges. Lines in these wedges become continually nar-
rower and closer together toward the center. The farther toward the center these lines remain distinctly 
separated, the greater is the number of picture elements reproduced along each horizontal trace line, and 
the better is the video frequency response toward the higher frequencies. Numbers along the wedges show 
how many elements are resolved at each point where the lines remain distinct. Vertical resolution may be 
similarly checked by means of the converging lines in the horizontal wedges. 

VERTICAL WEDGE 

CONCENTRIC 
CIRCLES 

T 
HORIZONTAL 

WEDGE 

Fig. 9 2- 2. Some features of a television test pattern. 

SHADING 

WEDGE 
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Concentric circles and arcs, as well as straight lines, allow observing both vertical and horizontal non-
linearity, which causes the circles to become egg-shaped or otherwise distorted. Some test patterns are 
ruled in squares for checking linearity at all points. 

Relations between contrast and brightness are checked by means of shading wedges or, in some pat-
terns, by a number of concentric circles having graduated shadings. There should be a gradual change 
from darkest to lightest tone along a wedge, or from circle to circle. Diagonal lines in wedges, or along 
arcs and parts of circles, appear jagged, or have a "moire" effect like some kinds of satin, when inter-
lacing is faulty. Smears or trailers show up clearly at the ends of horizontal lines or blocks in a pattern. 

A test pattern may show various faults, yet picture reproduction may be entirely acceptable to all ex-
cept persons who, like yourself, are trained to look for defects. Usually it is poor policy to explain the 
features of a test pattern to customers. Later they may watch the patterns, and call you back for free 
service in case there is the slightest imperfection — which wouldn't affect their enjoyment of program pic-
tures in the least. 

There are three general classes of faulty video reproduction. 

I. No picture. The screen may be dark, or there may be only a raster. There may or may not be sound. 

II. Picture is defective, but nothing other than the picture appears on the screen. 

Bars or lines appear on the screen, in addition to the picture. 

Each general classification is subject to further subdivision. For class I, with no picture, the sub-
divisions are as follows. 

L No picture. 
A. No raster. No sound. 
B. No raster. Sound OK. 
C. No raster. Bright horizontal or vertical line. 
D. No raster. Bright spot on screen. 
E. Raster OK. No sound. 
F. Raster OK. Sound OK. 

Now we shall proceed to list the most probable causes for each class and each subdivision of faulty 
reproduction. When the faulty appearance can be illustrated it will be shown by a photograph or &awing. 
Troubles are listed in either of two ways; in the order of most likely occurance, or in the order of ease in 
locating. 

I. A. NO PICTURE. NO RASTER. NO SOUND. 

1. All glass tubes are dark, all metal tubes cold. No heater voltage. 

a) Receiver switch not turned on. Switch might be defective. 

b) Power cord not plugged in, contacts loose or dirty at plug, cord broken inside its insulation. 
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Fig. 92-3. The screen is dark, there is neither picture nor raster. 

c) Building power line dead. Check house fuses. 

d) Interlock connection at receiver end of power cord not plugged in, contacts dirty, loose, or 
broke n. 

e) Fuse blown in primary circuit of power transformer. 

f) Power transformer primary winding open, disconnected, burned out. Check for a-c voltage 
on secondary side, using highest range of voltmeter. 

2. Glass tubes lighted, metal tubes slightly warm. There is heater voItage but no B-voltage. 

a) Low-voltage power supply rectifier(s) weak or burned out. 

b) Interconnecting cable in receiver, as for power supply, not plugged in. 

c) Speaker plug not making contact, when power filter choke is in speaker. 

d) Tube removed, during tests, and not replaced. 

e) Focus coil open, disconnected, burned out. B-voltage cannot come through this coil. 

f) Low-voltage power filter choke or resistor open, disconnected, burned out. 

g) Time delay relay not operating, remains open. 
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I. B. NO PICTURE. NO RASTER. SOUND OK. 

1. High-voltage power supply inoperative, no anode voltage to picture tube. 

Note.—A safe and sim; le way of checking for presence or absence of anode voltage is as fol-
lows: Obtain any small neon glow lamp such as type NE-48 or NE-45. Fasten the lamp in any 
convenient way to one end of a fibre rod or clean, dry wooden rod at least one foot long. The 
lamp terminals may be either open or shorted. With the receiver operating, hold the lamp near 
the rim of a metal cone picture tube or near the anode terminal of a glass tube. If the picture 
tube is glass, before turning the receiver on, fold back the rubber or plastic cup which is 
around the anode terminal. The lamp will glow if high voltage is present, will remain dark if 
this voltage is absent or very low. You may make a similar test at the cap or base of the high-
voltage rectifier tube, and close to the cap of a horizontal output amplifier tube in a flyback 
power system. If there is no anode voltage, proceed as follows. 

a) Any type of high-voltage power supply. 

(1) Rectifier tube(s) weak or burned out. 

(2) Rectifier filament winding open due to poor solder joint and etc. 

(3) High-voltage filter capacitor shorted, filter resistor open. 

b) Flyback type high-voltage power supply. 

(1) Fuse blown in line to horizontal output amplifier. Do not replace this fuse until you 
have examined the following parts, one of which probably caused the fuse to blow. 

(a)Tube weak or burned out; damper, horizontal output amplifier, high-voltage rectifier. 
(b)No sweep voltage at grid of horizontal output amplifier. Cheek from here back to the 

horizontal sweep oscillator. 
(c)Faulty inductor, capacitor, or resistor in voltage boost circuit of linearity control on 

the output transformer. 
(d)Horizontal output transformer windings shorted or grounded. 
(e)Deflection yoke grounded, shorts between vertical and horizontal coils. 

(2) Tube weak or burned out, with fuse not blown. Check damper, horizontal output ampli-
fier, horizontal sweep oscillator. 

(3) Coupling capacitor open or leaky, or coupling resistor defective, between horizontal 
sweep oscillator and output amplifier. 

(4) Width control inductor (on transformer) shorted. 

(5) Linearity control (on transk.mer) voltage boost circuit. Leaky capacitor. Open con-

nections, etc. 
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(6) Horizontal output transformer disconnected, open circuited, shorted. 

c). R-f type high-voltage power supply. 

(1) Oscillator tube(s) weak, operating with low plate or screen voltage. 

(2) Coupling and decoupling chokes, capacitors, resistors. Open or shorted. 

2. High-voltage power supply operating, according to previous test. 

a) Brightness control. Turned too low, open circuit, bypass capacitor shorted. 

b) Selector of combination receiver not at TV position. 

c) Drive control misadjusted, too little signal to horizontal amplifier. 

d) ton trap magnet. Incorrect adjustment. Positioned for wrong polarity, reversed front and 
back, top and bottom. Wrong type of magnet for the picture tube. 

e) Picture tube. 
(1) Anode lead or connector disconnected or defective. 
(2) Socket not secure on tube base, broken lugs, etc. 
(3) Heater circuit open, shorted out. 
(4) Cathode circuit open, no grid return path. 
(5) Control grid bias is too negative. 
(6) Voltage too low or zero on second grid of picture tube. 
(7) Picture tube defective, must be replaced. 

Fig. 92-4. This bright horizontal line indicates failure of the vertical sweep. A similar vertical line indi-
cates failure of the horizontal sweep. Either line will damage the screen if brightness is high 
enough to make the line more than faintly visible. 
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I. C. NO PICTURE. NO RASTER. BRIGHT LINE ON SCREEN. 

1. Horizontal line ( as in illustration) indicates that the horizontal sweep is operating, but that 
there is no vertical sweep. 

a) Vertical oscillator circuit. Tube weak or burned out. Defective capacitor or resistor. Poor 
connections. Check the coupling capacitor(s) between oscillator and vertical amplifier for 
opens, leakage, wrong value. 

b) Vertical amplifier circuit. Tube weak or burned out. Check capacitors and resistors. Wrong 
voltage on a tube element. 

c) Vertical output transformer and connections to deflection coils. Open winding, poor con-
nections. 

d) Vertical deflecting coils in yoke. Open, shorted, grounded. 

2. Vertical line indicates that the vertical sweep is operating, but that there is no horizontal 
sweep. 

a) Flyback high-voltage power supply. 
Check leads and connections of the horizontal deflecting coil circuit. Other parts of the 
horizontal sweep and deflecting systems probably are OK because there is anode voltage 
causing the picture tube beam to strike the screen and produce the vertical line. 

b) R-f high-voltage power supply. 
Check all tubes and component parts in the horizontal sweep and deflecting systems, 
from the horizontal sweep oscillator through to the horizontal deflecting coils in the yoke. 
Tubes may be weak, operating with element voltages too low, burned out. 

I. D. NO PICTURE. NO RASTER. BRIGHT SPOT ON SCREEN. 

A stationary spot indicates that there is neither horizontal nor vertical sweep, but that there is 

anode voltage causing the beam to strike the screen of the picture tube. 

Check all B-voltage lines and dropping resistors, also decoupling capacitors, which furnish plate 
and screen voltages to both the horizontal and vertical sweep sections, to both oscillators, to 

both amplifiers, etc. 

Deflecting yoke cable disconnected, faulty contacts. 

Note.—A bright stationary spot will quickly destroy sensitivity of the picture tube screen at that 
point. The brightness control must be immediately turned down until the spot is barely visible 
in a dimly lighted room while making tests. This is true also of either a horizontal or a vertical 
line across the screen. 
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Fig. 92-5. A spot, without picture or raster, indicates failure of both horizontal and vertical sweep. 

1. E. NO PICTURE. RASTER OK. NO SOUND. 

It would be unlikely that serious trouble would develope at the same time in both the video and 
sound sections without either trouble having been noticed before the other one occured. There-
fore, absence of both picture and sound indicates that trouble probably is in parts or circuits that 

carry both kinds of signals. 

Fig. 92-6. A raster without a picture. 
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Trouble often is due to low gain or a weak signal combined with frequency response so narrow 
as to greatly reduce both video and sound signals. Adjusting the fine tuning or making realign-

ments in the tuner or i-f amplifier may shift the peak of response to bring in either the picture or 
the sound, but not both together. 

Because there is a raster we need not consider the sweep sections nor the high-voltage power 
supply. Also, there is nothing to indicate trouble in the sync section. 

1. Either intercarrier or dual sound system. 

a) Fine tuning adjustment. Note preceding explanation. 

b) 1.14 oscillator tube weak, burned out, operated with wrong voltage. 

c) Tuner circuits aligned for too narrow response. Aligning for wider response may drop the 
gain very low for both video and sound. 

d) Transmission line weakening the signal, wrong placement, poor connections. 

e) Antenna disconnected, dirty terminals, oriented wrong. 

f) Too far distant from stations with which trouble occurs. 

g) l-f amplifier ( carrying both video and sound) improperly aligned, tubes weak or operating 
with wrong voltages. 

h) Tuner. Check the r-f amplifier and mixer tubes for emission, wrong voltages. Dirty, loose, 
or broken contacts on channel switch. 

i) Automatic gain control circuit faults. Bias too negative on r-f and/or i-f amplifiers. 

2. Only with intercarrier sound system. 

a) Check entire i-f amplifier system, as above. Check video detector and video amplifier for 
low output or low gain. 

b) Contrast control open circuited, faulty capacitor or resistor in circuit. 

I. F. NO PICTURE. RASTER OK. SOUND OK. 

The trouble almost certainly is in parts of circuits carrying only the video or picture signals. 
Since the sound is OK we need not consider the sound section itself, nor anything from the an-
tenna through to the point of sound takeoff. 

This assumes that the fine tuning control is correctly adjusted, and that the r-f oscillator is cor-
rectly aligned. Were either of these incorrect it could still be possible to bring in the sound 
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without the picture, for the sound carrier or sound intermediate frequency could be at a satis-
factory point on the frequency response while the video carrier or video intermediate could be 
down too low. 

Trouble of this nature is most easily located by the process of signal tracing, using either an 
oscilloscope, a VTV:11 with high-frequency detector probe, or a regular signal tracing instrument 
with a similar probe. 

In the absence of signal tracing it is advisable to check all the tubes, preferably by substituting 
others known to be operative. Also check plate voltages, screen voltages, and grid biases on all 
tubes. Trouble may be in any coupling capacitors or resistors, or in any decoupling units. Check 
through the following sections. 

1. 1-f amplifier in stages that carry only the video ( and sync) signals without sound signals. 

2. Video detector circuit. 

3. Video amplifier circuit. 

1. Automatic gain control and contrast control circuits which are connected to the above men-
tioned video i-f stages. 

5. Picture tube grid- cathode input circuit, including connections to the d-c restoration system if 
such a system is used. 

G. NO SOUND. PICTURE AND RASTER OK. 

Although this condition is not an example of faulty video reproduction, it is closely allied to the 
two preceding subdivisions. The most probable causes are as follows. 

1. Fine tuning control misadjusted, especially with dual sound systems. 

2. Signals very weak. Tiith some receivers a weak signal from a distant transmitter will produce 
pictures, but no accompanying sound. Check the antenna type, orientation, use of reflectors 
and directors, etc. Check condition of transmission line as to placement with reference to 
metallic objects, excessive length, impedance matching, etc. 

3. amplifier tubes weak. Alignment brings sound intermediate frequency too low on response 

curve. 

4. Tuner frequency response and gain. 
a) Aligned with sound carrier down too low. 
b) R-f oscillator overall alignment incorrect. 
c) R-f amplifier tube weak, operating with wrong voltages. 
d) ".ilixer tube weak, operating with wrong bias or plate voltages. 
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Fig. 9 2-7. There may be a satisfactory picture, also a raster, but no reproduction of sound. 

5. Sound section alignment. 

a) Check the sound takeoff, the i-f amplifier stage(s), and the demodulator. 
b) Audio amplifiers or speaker inoperative. 

II. Picture is defective, but no thing other than the picture appears on the screen. Th ere are no added 
bars or lines. 

In this general classification there are four major subdivisions, with a number of faults in each, f he 
subdivisions and the troubles or faults in each one are as follows. 

II. A. Tone defects. Incorrect relative shadings. 

1. Brightness excessive. 
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2 Brightness lacking. 
3. Brightness varies. 
4. Contrast excessive. 
5. Contrast lacking. 
6. Negative picture. Light and dark tones nearly reversed. 

7. Shadows 
8. Ion burn. 

II. B. Detail lacking. Blurring of lines. 

1. Focus incorrect. 
2. Interlacing faulty. 
3. Resolution or definition is poor. 
4. Smears or trailers. 
5. Snow in picture, from a weak signal. 

C. Distortion. Portions of picture out of place. 

.1. Bending or pulling. 
2. Centering incorrect, horizontal or vertical or both. 
3. Linearity faulty, horizontal or vertical. 
4. Reversed picture. Upside down or left and right reversal. 
5. Site incorrect both horizontally and vertically. 
6. Size incorrect horizontally only or vertically only. 
7. Size varies intermittently. 
8. Tilting or skewing within the mask. 
9. Wavy or rippled lines and objects. 

10. Wedge shaped, or non-rectangular outline. 

H. D. Movement. Of the picture as a whole. 

1. Flickering. 
2. Jumping or jittery. 
3. Sync failure, horizontal and vertical at once. 
4. Sync failure, horizontal only. 
5. Sync failure, vertical only. 
6. Sync failure, tear out at top of picture. 

II. A. 1. BRIGHTNESS EXCESSIVE. 

It is assumed that brightness always remains excessive, that the brightness control is in-
effective in darkening the picture. Slanting retrace lines are difficult to remove from the pic-
ture without using excessive contrast. The general cause for this condition is picture tube 
grid bias insufficiently negative. 
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Fig. 92-8. Brightness too great. Note that vertical retrace ( slanting) lines appear in the picture. 

a) Brightness control. 
(1) Potentiometer shorted, open, or otherwise defective. 
(2) Leaky bypass capacitor. 
(3) Resistor open or of wrong value. 
(4) B-voltage applied to the brightness control circuit is either too high or too low, depend-

ing on how the circuit is arranged. 

b) Video amplifier weak or operating with wrong voltages. 

c) Coupling capacitor from video amplifier plate circuit is leaky. 

d) Picture tube input ( grid-cathode) circuit. 
(1)Cathode line open or shorted. 
(2) high-resistance short from grid to cathode conductors. 
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e) Picture tube, cathode-heater leakage. 

Note.—If the screen changes to a brilliant all-over white, it indicates self oscillation in the 
i-f amplifier section. This usually is due to wrong alignment, with two or more stages oper-
ating at the same or nearly the same frequency. The receiver must be immediately turned 
off to prevent permanent damage to the screen. Oscillation cannot be stopped by operatieg 
any of the controls or service adjustments. 

II. A. 2. BRIGHTNESS LACKING. 

Here we are considering troubles which prevent sufficient screen illumination to bring out dif-

Fig. 92-9. Brightness lacking. The effect is somewhat similar to excessive contrast, in that there are not 
enough different gray tones to bring out details in the picture. 
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ferences between shading over various parts of objects. It is assumed that the received sig-
nal is strong enough to prevent appearance of "snow" in the picture. 

a) B-voltage too low. 

(1) Check the voltage applied to the brightness control circuit. It may be too high or too 
low, depending on the type of circuit. 

(2) Low-voltage power supply furnishing insufficient voltage. 
(3) Power line voltage low. 

b) Ion trap magnet adjusted wrong, or magnet weak. 

c) Picture tube and circuits. 
(1) Control grid bias remains too negative at all settings of brightness control. 
(2) Low voltage to second grid. 
(3) Anode voltage too low. Check the high-voltage power supply. 
(4) Picture tube faulty, requires replacement. 

H. A. 3. BRIGHTNESS VARIES IRREGULARLY. 

a) D-c restoration circuit. Check for weak tube, capacitors leaky or open, resistoets open, 
shorted, wrong value, faulty connections, etc. 

b) High-voltage power supply filter capacitor open or disconnected. 

c) Measure B-voltage output of low-voltage power .supply. If erratic, look for trouble in recti-
fier tube(s), filter resistors, filter capacitors, and connections. 

A. 4. CONTRAST EXCESSIVE. 

Excessive contrast and lack of brightness cause generally similar effects. In either case the 
pictures are of the "soot and whitewash" variety. All objects appear nearly black or nearly 
white, with details lacking in parts of normally light tone, and with shadow areas going black. 

If contrast is only moderately excessive, an increase of brightness will restore the tone bal-
ance but will make the entire picture brighter than for best reproduction. When brightness is 
lacking, reducing the contrast will often restore the tone balance but will leave the picture 
darker than it should be. 

Troubles considered here are those which prevent the contrast control from producing correct 
tone balance without making the picture too bright. 

a) Contrast control circuit. 
Check capacitors, resistors, and connections for opens, shorts, and leakage. 
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Fig. 92-10. Contrast excessive. Parts of the picture are nearly all white or all black, without smoothly 
graduated intermediate gray tones. 

b) Automatic gain control circuit. 
Look for leaky filter or bypass capacitors along the agc line, and for high-resistance 

shorts from this line to ground or B-minus. 

c) l-f amplifier section. 
Leaky coupling capacitor, making the bias insufficiently negative and increasing the gain 

d) Picture tube circuits. 
(1) Open circuit in lead to second grid, no voltage to this grid. 
(2) Measure bias voltage between control grid and cathode while operating the brightness 

control. Bias may be too negative at all times, requiring that the contrast or gain con-

trol be set too high. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 92 — Page 19 

Fig. 9 2- 11. Contrast lacking. There is not a full range of shading from nearly black to nearly white. 

II. A. 5. CONTRAST LACKING. 

Lack of contrast gives somewhat the same appearance as excessive brightness, in that there 
is insufficient range of shades or tones. If lightest portions are white, darkest portions are 
light gray rather than nearly black, while with darkest portions nearly black the lighter por-
tions are dark gray rather than nearly white. 

With excessive brightness the sloping vertical retrace lines usually are clearly visible. With 
lack of contrast these lines do not appear or show up only occasionally. 

Lack of contrast ordinarily indicates lack of gain somewhere between antenna and picture tube 
grid-cathode input circuit. This should not be confused with the effect of a weak received 
signal or defective antenna installation, which generally causes snow in the picture. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 92 — Page 20 

a) Fine tuning control misadjusted. 

b) R-f oscillator misaligned, check overall alignment adjustment if trouble appears on all 

channels. 

c) Tuner. 
(1) Weak tube, r-f amplifier, mixer, or r-f oscillator. 
(2) Alignment is incorrect. 

d) Transmission line mismatch at antenna, receiver, or both. 

e) Weak interference due to oscillator radiation from other television receivers. 

f) l-f amplifier tubes weak, operating with wrong voltages. Misalignment may cause video 
-Intermediate frequency too low on response curve. 

g) Video detector weak. 

h) Automatic gain control system maintaining grid biases too negative. 

i) Video amplifier. 
(1) Tube(s) weak or operating with too low voltage. 
(2) Peaking inductor open circuited. 

j) c restoration circuit, defective tube, capacitor, resistor, or connections. 

k) Picture tube. 
(1) High resistance short between grid and cathode lines. 
(2) Cathode-heater leakage in tube. 

In addition to the points listed it is possible for trouble to occur in coupling or decoupling 
capacitors or resistors anywhere in the tuner, the i-f amplifier, the video detector, or the video 

amplifier circuits. 

II. A. 6. NEGATIVE PICTURE. 

A negative picture is one which appears somewhat like a photographic negative, as compared 
with the positive print produced from the negative. Light and dark tones are partially inter-
changed, and details appear flattened out or in uniform grays. 

a) Interference. 
Any rather strong radio-frequency or high-frequency interference. Strong radiation from the 

r-f oscillator of a nearby television receiver. 

b) R-f oscillator. Extreme misalignment for the channel or channels on which the trouble ap-
pears, or in the overall alignment when the fault exists on all channels. 
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Fig. `")-. 12. A negative picture has generally "flat" tones, with actual or apparent interchanging of 
light and dark tones. 

c) l-f amplifier. Overloading of one or more tubes. Grid bias may be insufficiently negative, 
or plate and/or screen voltage may be too high for the existing bias. 

d) Automatic gain control. Allowing amplifier grid bias to become zero or even slightly posi-
tive. 

e) Defective picture tube. 

II. A. 7. SHADOI\ S. 

A dark shadow at any corner or at either side of a television picture is caused by the electron 
beam in the picture tube striking the neck of the tube or the edge of the front opening in the 
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Fig. 9 2-13. Shadowing at the upper right-hand corner. A shadow may appear at any corner, at either side, 
or at top or bottom of the picture. 

electron gun. Then the beam cannot reach the shadowed area of the screen. The shadow will 

appear on the raster as well as on all pictures. 

a) Ion trap magnet. 
This magnet should be adjusted only in such manner as moduces maximum brightness on 
the screen. It should not be adjusted to remove a shadow if such adjustment drops the 

brightnees below maximum. 

The trap magnet may be of the wrong type for the picture tube. 

b) Focus coil or focus magnet. 
(1) Placed too far back of the deflecting yoke. 
(2) Not centered around the neck of the picture tube. The coil or magnet should be so 
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mounted that, when tilted for picture centering, its center still is centered on the pic-
ture tube axis. 

(3) inner ring or other movable part of a permanent magnet device may have slipped out of 
its correct position. 

(4) Leads reversed to a focusing coil. 

c) Deflecting yoke. 
Too far back from flare of picture tube. The yoke must be close against the cushion, and 
the cushion close against the tube flare. The yoke should be carefully centered with refer-
ence to the tube neck. 

To maintain centering, avoid tilting of the picture, and to allow removal of shadows, it may 
be necessary to rotate the tube around its neck axis. 

Fig. 92-14. An ion burn is apparent in darkening of the screen at the center of the picture area. 
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d) Electrostatic picture tube. 

Interchange the connections for front and rear deflecting plates, then rotate the tube through 
180° on its neck axis. 

A. 8. ION BURN. 

An ion burn makes itself evident as a darkened area of generally circular form or sometimes 
as a cross with irregular outline near the center of the picture tube screen. The darkening in-
dicates loss of sensitivity at this part of the screen, which is due to failure or misadjustment 
of the ion trap magnet. This allows heavy ions to bombard the screen. With the receiver 
turned off the affected area may appear yellow or light brown, and the yellowish tinge may 
persist when viewing pictures. 

If the burn is objectionable to the set owner, the only remedy is replacement of the picture 
tube. The ion trap magnet and its adjustment should be carefully checked. 
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SYSTEMATIC TROUBLE SHOOTING- PART TWO 

Now we shall look at additional examples of faulty picture reproduction in which there are no added 

bars or lines, but only some defect in the image. Previously we examined various defects of tone or rela-
tive shadings. The next sub-division includes lack of detail, or blurring of lines which should be sharp. 
here we find troubles related to focus, interlace, resolution, smears, and snow. 

For many of the faults listed throughout all the tables of troubles and remedies there are service adjust-
ments or controls accessible to the operator. It is assumed that these adjustments and controls have been 
set for best possible reproduction, or to minimize whatever faults exist. Our listings give items to be 
checked when the regular controls and service adjustments will not remove the trouble. For example, 
poor focus most often is due to incorrect adjustment of the focusing control. This is not listed as a 
trouble, because you are supposed to have made all necessary service adjustments when first checking 
receiver performance. 

II. 2. a. FOCUS INCORRECT. 

It is necessary to distinguish between faulty focusing and lack of resolution or definition. The 
difference becomes apparent when looking at the raster, without a,picture. If the focusing con-
trol of the receiver can be adjusted to produce fairly distinct and separate horizontal trace lines, 
there is nothing wrong with the focusing and you should check the causes for poor resolution. If 
horizontal trace lines cannot be seen, or if they can be made to appear at only one side or the 
other of the screen, proceed as follows. 

Focusing coil or permanent magnet, or combination. 

Too far back from yoke, or sometimes too close to yoke. Not centered around the neck of the 
picture tube. 

Coil connections have bad joints, loose terminals. 
Coil open circuited, short circuited. 
Coil current too great or too little. 
Permanent magnet is weak. 
Note: The adjustment range of any type of focusing control should extend somewhat beyond 

the position of best focus, and should be capable of shifting the area of sharpest focus from 
side to side. 
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Fig. 93-1. Focus incorrect. The appearance here is not due to poor resolution, but to an electron beam 
spot which is too large to form distinct horizontal trace lines. 

Ion trap magnet misadjusted, or weak. 

Deflecting yoke too far back from flare of picture tube, is not against the cushion. 

Picture tube, any type. 
Anode voltage low, allows electron beam to produce a large and poorly defined spot. 
Anode voltage too great for the current flowing in the focusing coil, the magnetic field of the 

coil is too weak to bring the beam to a sharp point at the screen. 
Cathode-heater leakage in the picture tube. 
Tube has become gassy, possibly due to previous misadjustment of the ion trap magnet. 

Magnetic fields affecting the picture tube beam. A PM speaker, a low-voltage power filter choke, 

or other part may be too close to the neck or flare of the picture tube. 

Picture tube, electrostatic type. 
Check the entire circuit leading to the focusing anode. Incorrect voltage, leaky bypass capaci-

tor, defective resistor or control pot. 
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H. 2. b. INTERLACING FAULTY 

Dark spaces are clearly apparent between horizontal trace lines when the picture is seen from a 

normal viewing distance. 
Lines and edges having a slight downward slope in the picture appear jagged, zig-zag, stepped, 

or have beads. This effect appears on the horizontal wedges of a test pattern, which may have 
a moire effect, like some kinds of satin, toward the center of the pattern. 

l‘hen faulty interlacing causes alternate horizontal trace lines to overlap or coincide the effect 
may be called pairing. Pairing may be produced by carefully and slowly adjusting the vertical 
hold control to the point where the picture is just ready to slip downward. The effect is more 
easily observed if you temporarily increase the picture height, by adjusting the vertical size 

control. 

Faulty interlacing is apparent when observing the bright, sloping, vertical retrace lines with the 
brightness control turned high. Alternate retrace lines are in the alternate fields of each frame. 
With good interlacing the alternate lines are evenly spaced, while with poor interlacing they 

tend to come close together or to pair. 

Received signal may be temporarily at fault. Try other channels. 

Fig. 93-2. Interlacing faulty. Note the fine horizontal lines which show up most clearly along the top of 
the picture. 
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Strong r-f interference is affecting the vertical sync action. 

Vertical hold control adjusted too close to where the picture will roll downward. Defective capa-
citors or resistors in the hold control circuit may be keeping the free running vertical frequency 
too close to this point. 

Sync section. Vertical and horizontal sync pulses not well separated by the integrating and dif-
ferentiating filters. Check capacitors and resistors in these filters. 
If parts of the sync section serve only the vertical sweep oscillator, and other parts serve only 
the horizontal sweep oscillator, check the tubes, tube voltages, capacitors, and resistors in 

these separate sections. 

Vertical sweep oscillator. The horizontal sweep frequency of 15,750 cycles per second may be 
getting into the vertical oscillator circuit. Check the dressing of conductors in the oscillator 

circuits. 
Resistors and/or capacitors in the grid circuit of the vertical oscillator may be leaky, of wrong 

value, or otherwise defective. 

II. 2. c. RESOLUTION OR DEFINITION POOR 

Note the difference between poor resolution and incorrect focus as explained with reference to 
focus, (Trouble Section II. 2. a.) Observe a raster, with no picture. A magnifying glass will 
help. If trace lines are distinct on the raster, but pictures are blurred, the trouble is not in fo-

cusing, and may be in lack of resolution. 

Note also that excessive brightness almost always is accompanied by poor rendering of details. 
Check the brightness control setting. 

Signal reflections which cause ghost images very close to the regular picture will give the ap-
pearance of poor resolution. Refer to the Trouble Section dealing with Ghosts. 

The most common cause for poor resolution is lack of response or gain at the higher video fre-
quencies. These are the frequencies which produce fine lines and small details in the picture. 

Television pictures reproduced from motion picture films originally prepared for theatre use, 
rather than especially for television reproduction, practically always have poor definition or 
resolution. This cannot be improved at the receiver. 

With some television transmissions carried wholly or in part by wire lines, the maximum video 
frequency is somewhat less than 3 mc. This limits the resolution, but not to an extent noticed 
by the viewer or owner unless he has been instructed in this matter. 

A weak signal, whatever may be the reason, is likely to result in poor rendition of picture details 
because the set operator will employ excessive contrast, excessive brightness, or both, in at-
tempting to improve the reception. Some of the reasons for lack of gain are discussed in the 

Trouble Section dealing with Snow. 
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Fig. 93-3. Resolution or definition is poor. This is not due to incorrect focusing, but rather to lack of 
gain at the high video frequencies and inability to reproduce sharp changes of illumination 
along horizontal trace lines. 

When poor resolution is due to lack of high video frequencies the lights and shadows aline& hori-
zontal trace lines cannot change from one to the other quickly enough to produce sharp vertical 
lines and edges in the picture, especially when such lines are closely spaced. This shows tip 
when observing a test pattern, wherein the converging lines of the vertical wedges will blur and 
run together toward the center of the pattern when the resolution is poor. 

Video amplifier circuit. 
Tube(s) weak, or operating with wrong voltages. 

Coupling capacitor leaky. 
Decoupling capacitor in plate or screen circuit is open. 
Peaking inductors shorted. Try placing a temporary short circuit around each of the inductors. 

If this causes no change in the picture rendition, it is probable that the peaker already is 
shorted and should be replaced with one of the correct inductance. 

Peaking inductor may be open circuited. This would cause a weak picture in addition to poor 
resolution. One of the inductors may be of wrong inductance for its position, in case repairs 

and replacements have been made. 
Overloading of a video amplifier tube due to excessive plate or screen voltage, or grid bias not 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 93 — Page 6 

sufficiently negative. Overloading results also from applying a grid signal too strong for 
the bias. This could result from defects in the contrast control circuit or in the automatic 
gain control system. 

Video detector circuit. 
Weak tube or crystal. 
Load resistor of wrong value. 

Coupling capacitor leaky. 
Check the peaking inductors as explained for the video amplifier circuit. 

Fine tuning control misadjusted. 

Tuner. 
R-f oscillator incorractly aligned for channel(s) in which trouble appears, or in the overall 

alignment adjustments. 

Band width too narrow. R-f amplifier grid and plate couplings not aligned correctly. 

1-f amplifier section. 
Alignment wrong. Response does not extend far enough toward the sound side of the curve, 
where the higher video frequencies are carried as modulation. 

Tube(s) weak. 
Coupling capacitor open. 
Grid resistors of wrong value. 

Transmission line poorly matched to antenna or receiver. Signal reflections in the line may 
cause loss of high frequencies. 

II. 2. d. SMEARS OR TRAILERS. 

Light-toned vertical or sloping lines ór edges are followed on the right by dark areas, while dark-
toned lines or edges are followed by light areas. In some cases the reversals of shading appear 
on the left rather than on the right. 

When smearing is severe it is most noticeable near the larger objects in the picture. Dark objects 
may be closely followed by a narrow light band which is followed by a dark trailer extending to 
almost any distance across the picture. Light objects may be followed by a narrow dark band 
which is followed by a light trailer. 

Horizontal lines or bands which are normal parts of the picture may appear to exte.nd right on 
through objects toward the right, so that these objects are seen rather indistinctly through the 
line or band. This may be called the X-ray effect. 

Ghosts might be mistaken for trailers or smears. The difference is that usually there is reversal 

of tone, light and dark, with smearing, while a ghost image repeats the same tones as the picture, 
but at a greater or less separation from lines in the picture. 
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Fig. 93-4. Smears or trailers. This picture shows an extremely bad condition. Even slight smearing 
causes unsatisfactory reproduction. 

Very slight smearing causes the appearance of poor resolution, but the causes for the two trou-
bles are not the same. 

The usual cause for smearing or trailers is poor response or gain at the low video frequencies, 
with low-frequency phase shift. 

Contrast control turned too high, overloads the video amplifier. 

Received signal may be temporarily at fault. Try other channels. 

Video amplifier circuit. 
Tube(s) weak. 
Plate or screen voltages too low. 
Grid bias not sufficiently negative, allows flow of grid current on peaks of strong signals. 
Coupling capacitor leaky, open, of too small value. This applies also to the coupling capa-

citor between amplifier and picture tube. 
Decoupling capacitor in plate or screen circuit open or of too small capacitance. Check also 

the cathode resistor bypass capacitor. Decoupling resistors may be of too small value. 
These faults may allow degeneration and loss of gain at low frequencies. 
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Peaking inductors open. Shunt resistor open. Wrong inductance, allowing excessive peaking 
or response within the video frequency band. 

Video detector circuit. 
Load resistor of too great value. 
Check coupling capacitors and peaking inductors as noted above for video amplifier circuit. 

I-f amplifier section. 
Incorrect alignment, with video intermediate frequency misplaced on response curve. 

II. 2. e. SNOW IN PICTURE 

The appearance of snow in a picture indicates a low ratio of signal to noise. That is, the picture 
signal is too weak to ride well above the noise impulses which are inherent in tubes and ampli-
fier circuit elements. The flecked or snowy appearance of the picture is due to the noise im-
pulses which originate ordinarily in the tuner circuits, and are amplified by following i-f and 

video amplifier stages. 

Snow may be prevented in two ways. First, by bringing a stronger signal to the receiver. This 

Fig. 93-5, Snow in the picture. This indicates a received signal which is weak in proportion to tube and 
circuit noise impulses in the first amplifying stages of the receiver. 
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requires attention to the antenna and transmission line. Second, by increasing the gain in the r-f 
stage or stages, in the mixer, and possibly in the first i-f stage. Gain added in stages farther 
along in the receiver will increase the noise as much as the signal, and will not reduce the snow. 

Snow may appear when the receiver is tuned to a channel in which the signal field strength is 
low, and may disappear when tuned to another channel in which signal field strength is relatively 
high at the locality of the receiver. Snow increases as the contrast control is turned higher. It 
is least noticeable in light-toned areas, and most apparent in dark gray and black areas of the 
picture. 

Antenna. 
Check the orientation and location. 
Connections to transmission line corroded, open, Short; ; d c.rcu.te-. 
The antenna may be of a type having too little gain for signal field strengths in its locality. 

Transmission line. 
Poor, dirty or loose, connections. Open circuit or short circuit. 
Mismatched at the antenna, the receiver, or both. 
Of excessive length. 
Running too close to metal objects, or where interference is picked up. 

Tuner. 
Tube(s) weak, operating with wrong voltages. 
Switch contacts dirty, loose, making insufficient contact. 
Incorrect alignment in antenna and r-f couplings. 

Automatic gain control maintaining an r-f amplifier grid bias too negative when receiving weak 
signals. It may be desirable to operate the r-f amplifier with a fixed bias of low value. 

I-f amplifier section. 
Tube(s) weak, operating with wrong voltages. 
Misaligned, with video intermediate frequency too low on the response. 
Insufficient gain may require settings of the contrast control so high as to emphasize the snow 

effect. This is true also of the video detector and video amplifier. 

Video detector. Weak tube or crystal. 

Video amplifier. Tube(s) weak, operating with wrong voltages. 

Corona or brush discharge in the high-voltage power circuits may cause an effect somewhat simi-
lar to that of a weak signal by producing a snow effect. 

Increasing the gain.  
The following methods sometimes are used for increasing the gain in localities where signal 

field strength is weak. 
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R-f amplifier. 
Align for narrower passband and higher peak of response, with the video carrier at or near 

the peak. 
Substitute a tube of greater transconductance. This may or may not require changing the 

socket wiring to accomodate the elements of the new tube. Many of the present high-gain 
tubes were not available when older receivers were designed. 

If the r-f amplifier is on the age system, disconnect the grid resistor from the agc bus and 
connect its low end to chassis ground or to 13-minus. 

Substitute a grid resistor and/or a plate load resistor of greater resistance. An increase of 
more than 20 to 30 per cent of the original value may result in poor frequency response. A 
high grid resistor may affect the input impedance of the receiver and cause mismatching. 

When video carrier or video i-f response is raised, there is likely to be weakening of the 
sound. This must not be carried so far that satisfactory sound response cannot be had by 
increasing the volume control setting. 

I-f amplifier section. 
Substitute a tube or tubes of greater transconductance, as mentioned in connection with the r-

f amplifier. 
Change the alignment to bring the video intermediate frequency up around 80 per cent of 

maximum gain, instead of the usual 50per cent. Raise the response peak as much as pos-
sible without losing the sound. If carried too far, this may cause regeneration and pos-
sibly oscillation in the i-f amplifier due to similar frequencies. 

Operate the tubes with higher plate and screen voltages. Where the original voltage is 135 
or 150, it may be raised to something like 180 or 200 volts. 

Our next subdivision deals with troubles which cause various kinds of distortion, with portions of the 
picture moved out of their normal positions. Here we find a large number of defects in picture reproduction, 

as listed in the original outline for systematic trouble shooting. 

II. 3. a. BENDING OR PULLING. 

Bending refers to curvature of vertical lines toward either the right or left. This fault usually 

occurs only at the top of the picture, but may extend downward to any distance. 

Except for curvature of the vertical outlines, objects remain of correct proportions. 

%hen there is slight bending at the top of the picture, vertical lines sometimes may be made to 
slope toward either the right or the left, or to remain straight, by adjustment of the horizontal 

hold control. 

Bending occurs when horizontal trace lines of the picture do not hold precise synchronization, 
some of them commencing and ending later than others. The cause most often is weak or erratic 

horizontal sync pulses. 

Received signals very weak. There may be bending on some channels and not on others. 
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Fig. 93-6. There is moderate bending or pulling toward the r'ight, at the top of the picture. There might 
be similar bending toward the left. 

Interference, usually of the spark type, may be interfering with sync. 

Heater-cathode leakage may exist in any tube of the r-f amplifier, the mixer, the i-f amplifier, the 

video amplifier, the sync section, or the horizontal afc system. Such leakage may allow the 60-
cycle heater frequency to enter the other circuits and vary the horizontal sync timing. 

R-f alignment. Video carrier too low on the response. 

I-f alignment. Video intermediate too low on the response. 

Horizontal afc system. 
The frequency, free running, of the horizontal sweep oscillator may be too far off for the con-

trol pulses to synchronize it. This is a matter of adjustment according to the type of afc sys-

tem. 
Control tube microphonic. Try lightly tapping this tube to note whether the bending is affected. 
Voltages at other than the horizontal sweep frequency may be getting into the afc circuits, as 

from circuits for an audio amplifier, a video amplifier, a vertical sweep oscillator, etc. 

With a phase detector or discriminator as the afc tube, the d-c voltages reaching the two sides 
of the twin diode may be unequal or may vary. Check all capacitors and resistors in circuits 
leading to elements of this tube, especially where equal resistances are conn-cted to each 
of the diodes. 
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Fig. 93-7. Severe bending or pulling extending all the way from top to bottom of the picture. This pic-
ture has been moved to the left in order to show bending of the right-hand edge, which would 
show up also on a raster. 

Sync section. 
Tube(s) weak, operating with wrong voltages. 
Check all coupling and decoupling capacitors and resistors for opens, leakage, poor con-

nections, wrong values. 
The signal reaching the input to the sync section may be too weak, or possibly too strong. 
Weak input signals weaken the sync pulses at the output, while excessively strong signals 
prevent necessary clipping and limiting. 

D-c restorer. 
When the input for the sync section or the afc system is taken from the restorer circuit, check 

for a weak tube and for incorrect operating voltages. 

Video amplifier. 
Weak tube(s), operating with wrong plate or screen voltages. 
Grid bias voltage too negative. Check cathode bias resistor. 
Coupling capacitor open, or of too little capacitance. 
Plate load resistor of too low resistance. 
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Excessively strong signal to the grid may cause plate current saturation if the tube(s) are 
normally operated with fairly low plate voltages. This will result in cutting of the sync 
pulse peaks. 

Check the action of the agc system. 

II. 3. b. CENTERING INCORRECT. 

Centering of the picture in the mask usually is accomplished by tilting the focusing coil or mag-
net with reference to the neck of the picture tube. In some receivers there are electrical center-
ing controls which vary the amount of direct current in the deflecting coils. When these electrical 
controls will not center the picture, they should be set at the center of their adjustment ranges 
while the focusing coil is tilted for correct centering. If the picture cannot thus be centered, or 
if excessive tilting of the coil is required, check all capacitors and resistors, including the pots, 
in the electrical control circuits. 

Focusing coil or magnet. 
Not centered with reference to the axis through the picture tube neck. 
Too far back from the deflecting yoke. 
Permanent magnet weak. 

Fig. 93-8. This picture is off center toward the right and toward the bottom. Centering may be faulty in 
any direction, upward, downward, or toward either side. 
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Ion trap magnet in wrong position, very weak. 

Deflecting yoke too far from flare of picture tube, not against cushion. 

PM speaker located too close to neck or flare of picture tube. 

Horizontal hold control cannot be adjusted far enough one way or the other. Check capacitors and 
resistors in the hold control circuit. 

Horizontal afc misadjusted to an extent that the operator's hold control adjustment lacks enough 
range to move the picture to either the left or right. 

Electrostatic picture tube. 

Coupling capacitor from sweep amplifier to deflecting plates is leaky. 
A magnetic shield around the picture tube has become permanently magnetized. 

II. 3. c. LINEARITY FAULTY, HORIZONTAL. 

Transmitted pictures are not always perfectly linear. The variations are, however, much too 

Fig. 93-9. Horizontal non-linearity here causes crowding at the left and stretching at the right. 
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Fig. 93-10. Horizontal non-linearity here is causing compression at the center of the picture area. 

is small to be noticed in any picture program and can be detected only by observation of a test 
pattern. Receivers very seldom are adjusted for perfect linearity, and some cannot be so ad-
justed. Slight defects in linearity are far more likely to result from receiver faults than from the 

received signal. 

A quick check for linearity consists of watching objects of some regular or symmetrical form as 
they move from place to place in the picture. If the form or shape of such objects appears to 
change as they move, the reproduction doubtless is decidedly non-linear. 

As shown by Fig. 93-11, horizontal non-linearity may show up as (a) crowding at the left with 
stretching at the right, (b) crowding at the center with some stretching on both sides, or ( c) 
crowding at the right with stretching at the left. Which fault exists depends on circuit design in 

the receiver and on the kind of trouble present. 

Linearity control. 
Capacitor or resistor shorted or open. 
Inductor on output transformer shorted. 

Drive or peaking control. 
Incorrect adjustment. 
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Fig. 93-11. Horizontal non-linearity as shown by test patterns. A, the left side is crowded. B, the 
center is crowded. C, the right side is crowded. 

Open capacitor or resistor in peaking circuit. 

horizontal size control. 
Adjustment of any type of size control usually affects linearity. Size, drive, and linearity ad-
justments have to be readjusted to secure a correct balance. 

Focus coil or magnet in wrong position along neck of picture tube. 

PM speaker too close to picture tube flare or neck. 

Damper circuit. 
Tube weak, plate voltage too high. 
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Shunt or series resistor of wrong value, or open. 
Connection to wrong tap on resistor shunting the damper. 

horizontal sweep amplifier circuit. 
Weak tube, operating with wrong voltage on screen or control grid. 
Capacitor on grid, cathode, or screen is open or leaky. 
Grid resistor of too small resistance, overloads the sweep oscillator. 

Horizontal sweep oscillator circuit. 
Tube weak, operating with wrong voltages. 
Coupling capacitor leaky. 
Coupling resistor open, or of wrong value. 
Sawtooth capacitor of wrong value, leaky. 

horizontal output transformer defective. 

Deflecting yoke circuit. 
Excessive series resistance, high-resistance short or ground. 
Capacitor from this circuit to 13-plus line open or leaky. 
Yoke not suited to deflection circuit, replacement unit is of wrong type or wrong Q-factor. 

Fig. 93-12. Vertical non-linearity most often causes stretching at the top of pictures. Horizontal trace 
lines then are farther apart at the top than lower down. 
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II. 3. d. LINEARITY FAULTY, VERTICAL 

Vertical non-linearity most often is apparent in stretching at the top of pictures, but sometimes 
there is crowding at the top combined with inability to make the picture high enough to fill the 
mask. 

Linearity control. 
Resistor or control "pot" open circuited_ 
Resistor of wrong value. 
Capacitors, usually in bypass positions, leaky or wrong values. 

Vertical size control. 
The vertical size control and the vertical linearity control must be adjusted during the same 

operation to produce an undistorted picture which fills the mask from top to bottom. 

PM speaker too close to picture tube flare or neck. 

Vertical sweep amplifier circuit. 
Tube weak, operating with low voltage on plate and/or screen, incorrect grid bias. 

Fig. 93-13. Vertical non-linearity may cause crowding at the top. The more closely spaced trace lines 
then cause excessive brightness at the top. 
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Coupling or decoupling capacitor open, small capacitance, leaky. 
Coupling or decoupling resistor of wrong value. 

Vertical sweep oscillator circuit. 
Tube weak, operating with wrong voltages. 

Coupling or bypass capacitor open, wrong value, leaky. 
Sawtooth capacitor of wrong value, leaky. 

Vertical output transformer shorted, grounded, defective. 

Deflecting yoke circuit. 
Vertical coil shorted or grounded. 
This circuit may be picking up a 60-cycle voltage from a heater circuit, with the result that 

there is faster vertical deflection at the top or bottom of the picture. However, this con-
dition will usually be moving up or down. 

Note: Vertical non-linearity may be detected by close observation of horizontal trace lines on a 
raster, with no picture. With satisfactory linearity the lines will be uniformly spaced from top to 
bottom. With non-linearity the spacing will be greater at either the top or the bottom than at the 
other end of the raster. 

Fig. 93-14. Reversed pictures may appear backward, from right to left, or they may be upside down, or 
they may be both backward and upside down. 
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//. 3. e- REVERSED PICTURE. (When caused by previous repair or "tampering" by the owner.) 

If the reversal is left to right, as in the picture, the leads to the horizontal deflecting coils in 
the yoke have been interchanged. 

If the picture is upside down, with reversal top to bottom, the leads to the vertical deflecting 
coils have been interchanged. 

Reversal in both directions at the same time indicates that leads have been interchanged to both 
sets of coils in the yoke. 

Ordinarily there will be no other distortions in the pictures, although centering and size may be 
rather difficult to adjust correctly. 

II. 3. f. SIZE INCORRECT, HORIZONTAL 

Too narrow, will not fill mask sideways. 

Note: The controls for horizontal size, horizontal linearity, and. drive or peaking must be ad-

Fig. 93-15. horizontal size here is too narrow. It might also be too wide. 
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justed together or during the same service operation in order to produce a picture of correct 
width without distortion in the horizontal direction. 

Horizontal size control. 
Control potentiometer shorted, open circuited: 
Bypass capacitor shorted or very leaky. 

Horizontal sweep amplifier. 
Tube weak, operating with plate and/or screen voltage too low, or with grid bias exces-

sively negative. 
Weak sawtooth voltage to grid, check the horizontal oscillator. 
Grid resistor of too little resistance, partial short. 
Coupling capacitor or bypass capacitor of wrong value. 

Damper circuit. 
Tube weak, operating with plate voltage too low. 
Shunt or series resistor of wrong value, connection to an incorrect tap which reduces boost 

voltage. 

Horizontal sweep oscillator circuit. 
Tube weak, operating with voltage too low. 
Coupling capacitor of too small capacitance. 
Sawtooth capacitor of too great capacitance. 
Blocking transformer defective. 

Horizontal output transformer. 
Open circuited (high resistance), short circuited, grounded. 

Horizontal deflecting coil circuit. 
Too little sawtooth current. High resistance or impedance in series. 
Capacitor open, disconnected, too little capacitance. 

Too wide, sides of picture cannot be brought within mask. 

Check the adjustment of the drive or peaking control. 

Horizontal size control on flyback transformer. 
Inductor disconnected or open circuited. 
Capacitor across taps on secondary winding of wrong value or connected between wrong taps. 

Horizontal sweep amplifier. 
Check as for, "size too narrow", but for opposite conditions; tube voltages too high, exces-

sive sawtooth voltage, etc. 

¡horizontal sweep oscillator. 
Check as for "size too narrow", but for opposite conditions; voltages too high, sawtooth 

capacitor too little capacitance, etc. 
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Note: Folding in the horizontal direction may produce the appearance of too little width, since 
part of the picture is folded over the remainder. Refer to Trouble Section on Folding. 

II. 3. g. SIZE INCORRECT, VERTICAL. 

Note: The controls for vertical size and vertical linearity must be adjusted at the same time to 
have the picture fill the mask vertically without distortion in the vertical direction. 

Size insufficient, will not fill the mask verticàlly. 

Vertical size control. 
Control potentiometer defective. 
Bypass capacitor defective. 

Vertical hold control. 
Control potentiometer defective. 
Coupling or bypass capacitor leaky or shorted. 

Vertical sweep amplifier. 
Tube weak, operating with Low plate and/or screen voltage. 

Fig. 93-16. Vertical size here is too little. It might also be too great. 
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Grid bias too negative. 
Weak sawtooth voltage to grid, check the vertical oscillator. 
Coupling and/or bypass capacitors leaky, open, of wrong value. 
Coupling resistor, change in value. 

Vertical sweep oscillator circuit. 
Tube weak, operating with voltage too low. 
Grid resistor, change in value. 
Plate load resistor ( if used) of too little resistance. 
Blocking transformer defective. 
Coupling capacitor to amplifier, too small capacitance. 
Sawtooth capacitor of too great capacitance. 

Integrating filter, sync section to vertical oscillator. 
Check for leaky or shorted capacitor, for resistor of wrong value, partial short, open connec-

tions. 

Vertical output transformer. 
Partial short circuit grounded, series resistance. 

Note: Folding in the vertical direction may produce the appearance of too little height. Refer 
to Trouble Section on Folding. 

Picture too high, top and bottom of picture are outside the mask. 

Vertical linearity control misadjusted. Keep in mind that the vertical size and linearity must 
be adjusted at the same time. 

Vertical size control. 
Control potentiometer misadjusted or defective. Bypass capacitor defective. 

Vertical sweep amplifier. 
Excessively great sawtooth voltage to the grid. Check the vertical oscillator circuit. 

Vertical oscillator circuit. 
Excessive plate voltage on tube. 
Sawtooth capacitor of too small capacitance. 

II. 3. h. SIZE INCORRECT, BOTH VERTICAL AND HORIZONTAL. 

Too small, picture will not fill mask in either direction.  

Power line voltage low. 

13-voltage low from low-voltage power supply. 
Check rectifier(s), preferably by substituting new ones. 
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Fig. 93-17. The picture is too narrow, and lacks sufficient height, to fill the mask. Size too small or 
too large shows clearly on test patterns. 

Measure a-c voltage from secondary of power transformer. Low voltage usually indicates an 
overload (short or ground) somewhere in the B-voltage lines or circuits of the receiver, 
but might indicate a defective power transformer. 
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Low B-voltage on line supplying both the vertical and horizontal sweep amplifiers and/or 
sweep oscillators. Check series resistors, bypass and decoupling capacitors for shorts 
or leakage after comparing voltage readings with chart. 

Picture tube anode voltage too high, prevents sufficient deflection of the electron beam. 

Damper tube weak, or faults in the damper circuit, if boosted voltage goes to both the hori-
zontal and the vertical sweep circuits. 

Picture tube defective. If gassy will cause poor resolution as well as reduced picture size. 

Too large, pictures extend beyond mask in both directions. 

Picture tube anode voltage too low, allows excessive deflection of the beam. This will be ac-
companied by lack of brightness. Check the high-voltage power supply rectifier, filter resis-
tor and capacitor, connections to the anode cap or rim. 

Expansion or "blooming" of the picture when the brightness control is turned up. Too much 
filter resistance or other high resistance in series with picture tube anode lead. Defective 
picture tube. 

Brightness control. 
B-voltage to the control circuit too high or too low. (Excessive brightness) . 
Bypass capacitor leaky or shorted causing excessive brightness. 

II. 3. i. SIZE VARIES IRREGULARLY. 

Magnetic field from power transformer reaching F ieture tube. If the power line frequency and 
vertical deflection frequency are not exactly alike there may be slow expansion and contrac-
tion of the picture. This may be due to lack of a closed copper band, single shorted turn, 
around the core of the power transformer. 

Varies when brightness control operated. Some variation is normal in many receivers. Other-
wise there may be excessively high resistance from high-voltage rectifier to picture tube anode. 

Varies with adjustment of centeiing control of the electric type, not a focus coil or magnet. 
Defective bypass capacitor across the centering control potentiometer. 

II. 3. j. TILTING OR SKEWING. 

Magnetic deflection picture tube. 

Loosen and rotate the deflecting yoke •in its support until the picture is square within the 
mask or until horizontal trace lines of a raster are parallel with the top or bottom of the mask. 

Focus coil or magnet may be too close to the deflecting yoke. With a focusing coil the pic-
ture may tilt one way or the other when the focusing control is adjusted. 

Electrostatic deflection picture tube. 
Loosen the tube in its supports and rotate the tube around its lengthwise axis to make the 
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Fig. 93-18. Tilting of the picture within the mask. 

picture square within the mask, or until trace lines of the raster are parallel to the top or 
bottom of the mask. 

IL 3. k. WAVY OR RIPPLED. 

Usually the greatest waviness is at the left in the picture, decreasing gradually toward the right, 
although the entire picture area may have waves running vertically. The left-hand edge of the 
picture may be ragged or stepped. In some cases the entire picture may appear to shift rapidly 
back and forth from left to right. 

When the trouble is due to power line or low audio frequencies there may be alternate light and 
dark horizontal bands. The number of pairs of bands or the number of complete wave cycles is 
equal to the troublesome frequency divided by 60. If the troublesome frequency is rather high, 
say 500 to 1,000 cycles, everything in the picture appears to wriggle horizontally in many small 
waves. 

Contrast control turned too high. 

Drive control incorrectly adjusted. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 93 — Page 27 

Fig. 93-19. Wavy picture, a severe case. Note that black horizontal blanking bars cut into both sides. 

llere there is only one complete wave. There may be any number, appearing as vertical 
ripples. 

Strong interference, of either smooth waveform or of spark types. 

Nlagnetic field too near the flare or neck of picture tube, as from a power transformer, filter choke, 

or speaker field coil. 

Low-voltage power supply, excessive ripple voltage. 
Filter capacitor open, too little capacitance, poor connections. 
Filter resistor or choke shorted, of too small value. 
Defective capacitor anywhere in a transformerless power supply. 

Sync section. 
Poor filtering of B-voltage to tubes. 
Decoupling capacitor open in a plate or screen circuit. 

horizontal sweep oscillator. 
Poor filtering of B-voltage to tube(s). 
Cathode-heater leakage. 
Coupling or decoupling capacitor open or disconnected. 
Grid bypass or decoupling capacitor open. 
Oscillation due to unwanted self-resonance, try another tube. 
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Horizontal afc circuit. 
Correction voltage is varying too rapidly, or with too great amplitude. There is hunting action, 

with horizontal sync frequency going alternately too high and too low. 
Capacitor or resistor of wrong value, or otherwise defective. Check units in a noise filter, if 

used. 

horizontal sweep amplifier. 
Tube defective, cathode-heater leakage. 
Poor filtering of B-voltage to tube. 
Oscillation due to internal capacitance of tube, try another tube. 

Picture tube input circuit. 
Grid or cathode lead too close to conductors in the horizontal sweep oscillator circuit, or 
power line circuits. 

Damper circuit. 
Tube weak or otherwise defective. 
Plate voltage too low. 
!Wrong connection to a tapped resistor, or a tapped output transformer. 

Horizontal output transformer defective, high resistance short or ground. 

Deflecting yoke circuits. 
Coupling or leakage between vertical and horizontal coils. 
Hum voltage at 60 or 120 cycles getting into the horizontal deflecting coil. 
Shunt capacitor on horizontal coil leaky, open, or too great capacitance. 
Shunt resistors on vertical coils wrong value or otherwise defective. 
Deflecting coils have been forced out of shape or displaced with reference to one another. 

II. 3. I. WEDGE SHAPED PICTURE. 
The picture may taper toward the bottom, as in the illustration, or toward the top, or toward either 
the left or right-hand side. 

The usual cause is that one horizontal deflecting coil or one vertical deflecting coil is deliver-
ing a stronger magnetic field than the other coil of the same pair. Vertical tapering, as in the 
illustration, is caused by faults in the horizontal coils, while horizontal tapering is caused by 
faults in the vertical coils. 

Deflecting yoke. 
One coil of a pair shorted or open circuited, or has shorted turns. 

Capacitor or resistor across one coil shorted, open, wrong value. 
Yoke tilted with reference to axis of picture tube. 
Coil has shifted position, replace the yoke. 

Focusing coil or magnet. 
Wrong position on tube neck. 
Non-uniform magnetization in permanent magnet type. 
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Fig. 93-20. Wedge shaped picture. Note that everything tapers inward toward the bottom. The wedge 
form might taper upward, or toward either side. 

Ion trap magnet. 
Non-uniform magnets. Might possibly be due to wrong adjustment. 

Magnetic fields. 
PM speaker or filter choke carrying nearly pure direct current is too close to neck or flare of 

picture tube. 
Metal cone of picture tube may be magnetized. The distortion will rotate when the tube is 

rotated, regardless of the angle of the deflecting yoke. 

Electrostatic picture tube. 
High series resistance value. 

The final subdivision in this class of faulty pictures, where no bars or lines are added to the image, 

includes troubles which cause movement of the picture as a whole, The movement may be great enough 
to make the picture unrecognizable, but when the movement is stopped the picture will appear incorrect 
proportions. 

II. 4. a. FLICKERING. 
Flickering, as here considered, consists of a rapid variation in brightness, which causes ap-

parent movement of the picture without actual change of image position. 
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Interference affecting strength of received signal. One example is so-called airplane flutter 
caused by signal reflections from low-flying planes. 

Temporary trouble at the transmitter, in the signal. 

Automatic gain control circuit. 
Defective age tube. 
Time constant too short, caused by faulty capacitor or resistor. 
Loose connections. 

D-c restorer circuit. 
Defective tube. 
Wrong time constant, due to faulty capacitor or resistor. 

I-f amplifier. 
Regeneration and slight intermittent oscillation, due to incorrect alignment, wrong dressing of 

leads, faulty shields or shield grounding, etc. 

IL 4. b. JUMPING, JITTERY 

Contrast control set too high. May overload the video amplifier and reduce the amplitude of sync 
pulses. 

Fig. 93-21. Jumping or jittery picture. The jumpiness may be in either the vertical or the horizontal 

direction. 
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Received signal temporarily at fault. Try other channels. 

Interference, of spark type, affecting the sync pulses. 

Microphonic tube in the tuner, i-f amplifier, video detector, or video amplifier. If lightly tapping 
a tube increases the jumping, that tube may be microphonic provided there are no loose con-

nections at the socket. 

Tuner. 
Poor connections or joints. Examine especially the switch contacts, and connections in the 

fine tuning circuit. 

Sweep oscillator circuits. 
Tube defective, possibly contains shorted or loose elements. 

Capacitor leaky, faulty resistor. 
Loose connections. 
Grid resistor or capacitor of wrong value. 

Vertical hold control circuit. 
Examine the capacitors, resistors, and connections. Check operation of the control potentio-

meter for smoothness. 

Sweep amplifier circuits. 
Tube defective, especially in the horizontal ampkifier position. 

Picture tube input circuit. 
Leads to the grid or cathode may be too close to the cable for the deflecting yoke. 

Drive control. 
Incorrect adjustment, defective capacitor (either fixed or adjustable), or defective resistor 

sometimes will cause jumping. 

II. 4. c. SYNC NOT HOLDING HORIZONTALLY. 

When the frequency of the horizontal sweep oscillator differs from horizontal pulse frequency of a 

received signal, the reproduction contains a greater or less number of horizontal or sloping bars. 
Between each pair of dark bars is a complete picture or pattern, greatly compressed. The greater 
the number of bars, the further the sweep oscillator is from synchronization. As oscillator fre-
quency is brought closer to that of the received signal, the number of bars decreases and they 
become more nearly vertical. Each dark bar results from a period of vertical blanking. Adjust-
ment of the horizontal hold control should reduce the number of bars and cause the picture to 

lock into horizontal sync. 

Horizontal hold control circuit. 
Capacitor leaky, or value has changed. 
Resistor open, or of wrong value. Defective control pot. 
Insulation leakage in circuit wires, examine the dressing. 
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Vig. 93-22. Horizontal sync not holding. The number of bars will decrease, and they will become more 
nearly verlical, as the picture approaches synchronization or lock-in. 
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Horizontal afc system. 
Tube weak. Incorrect voltage on plate, screen, grid, or cathode. 
Capacitor leaky, of wrong value. Input pulses too weak. 
Resistor open, of wrong value. 

Horizontal. oscillator. 
Tube weak, operating with wrong voltages. 
Coupling capacitor open, leaky, wrong value. Blocking transformer faulty. 
Resistor open, of wrong value, partially shorted. 

Differentiating filter between oscillator and sync section. 
Check for opens, shorts, leakage in capacitor and resistor. 

II. 4. d. SYNC NOT HOLDING VERTICALLY. 
When the frequency of the vertical sweep oscillator differs from vertical sync frequency of the 
received signal, the picture will move upward or downward on the screen. With a great difference 
between the frequencies the motion will be rapid, and as the difference becomes less the picture 
will jerk upward or downward, holding only briefly. 

Vertical hold control circuit. 
Capacitor leaky, or value has changed during use. 
Control pot or fixed resistor open, wrong value, otherwise defective. 

Fig. 93-23. Vertical sync not holding. The picture moves either upward or downward, steadily or in 
successive jumps. 
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Vertical oscillator circuit. 
Tube weak, operating with low plate or screen voltage, wrong bias. 
Coupling capacitor, leaky, open, shorted, wrong value. 
Blocking transformer defective. 
Input pulses from integrating filter too weak. 

Integrating filter between oscillator and sync section. 
Capacitor open, leaky, shorted. Resistor open, of wrong value. Makes hold control adjustment 

very critical. 
Check parts from the oscillator grid circuit back to a point preceding the integrating and dif-

ferentiating filters. 

Vertical afc system. 
Some receivers have automatic control for frequency of the vertical sweep oscillator. Check 

adjustments and circuit elements in the same way as for a horizontal afc system. 

II. 4. e. SYNC NOT HOLDING, BOTH HORIZONTALLY AND VERTICALLY. 

When the picture does not hold synchronization in either direction it is unlikely that the fault 
will be in either the horizontal or vertical sweep sections, since both these sections seldom 
would develope serious trouble at the same time. The fault may be in the sync section, which 
feeds both the horizontal and the vertical sweep sections, or it may be anywhere ahead of the 
sync section. 

A common cause for sync failure is lack of response or gain at the lower video frequencies, 
where the signal sync pulses are carried. 

Sync section. 
Tube weak. Operating with wrong voltage, usually too low. 
Coupling capacitors open, leaky. 
Resister open, of wrong value. 

D-c restorer circuit, when sync pulses taken from this circuit. 
Weak tube, wrong voltage, defective capacitor or resistor. 

Contrast control. 
Adjusted too high or too low. 
The setting may be critical for holding the sync on weak signals, indicating lack of gain in 

the receiver. 

Weak signal and lack of gain. Refer to Trouble Section on Snow. 

Interference causing temporary loss of sync. Strong ghost (reflection) signals sometimes do this. 

Automatic gain control holding amplifier biases too negative on weak signals. 

Video amplifier. 
Tube weak, plate or screen voltage low, grid bias too negaLve. 
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I-f amplifier. 
Incorrect alignment, with video intermediate frequency too low on the response curve. This 

decreases gain at low video frequencies. 

Tuner. 

Incorrect alignment, or passband too narrow. Video carrier frequency too low on the response 
curve. 

11. 4. f. TEAR OUT. 

There is failure of horizontal synchronization at the top of the picture, and sometimes also at 
the bottom. This trouble is more common with receivers having no automatic control for hori-
zontal sweep oscillator frequency than with receivers having such a control. 

Contrast control set too high. 

Excessive gain. Check the action of the age system on various channels to note whether ampli-
fication is suitably reduced on strong signals. 

Fig. 93-24. Tear out refers to lack of horizontal synchronization in part of the picture but not over the 

entire area. 
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Interference, usually spark type, is upsetting horizontal sync. 

Microphonic tube anywhere between antenna input and sweep oscillators. Try tapping the tubes 
lightly to note whether this causes or affects the tear out. A tube causing a marked difference 
should be replaced. 

Horizontal hold control. 
Check capacitors, resistors, and control pot for faults. 

Low-frequency response is poor. 
I-f amplifier aligned to bring video intermediate frequency too low on the response curve. 
Video amplifier tube may be weak, or operating with low voltage on plate or screen, or grid 

bias too negative. 

Horizontal afc control, if used. 
Check as for sync not holding horizontally, Trouble Section II. 4. c. 

This method of trouble shooting by picture analysis will be continued, and concluded, in the following 

lesson. There we shall consider the various kinds of bars and lines which should not appear in the 

picture. 
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SYSTEMATIC TROUBLE SHOOTING- PART THREE 

Our final major division of faulty pictures, Class III, includes all those in which something that is not 
transmitted is added to the reproduced picture. Most of these additions have the form of bars or lines. The 
bars or lines may be bright or dark, and they may run horizontally, vertically, or at a slant across the pic-
ture area. The distinction between a bar and a line is not always definite. A thin bar might be calied a 
heavy line, and a wide line might be called a narrow bar. Our grouping into bars and lines is merely for 
convenience of identification and to save time when looking for troubles which may exist. Thesubdivi-
sions in this Class III are as follows: 

III. A. Bars or lines. 

1. Bright, horizontal. 
2. Bright, vertical. 
3. Bright, slanting. 
4. Dark, vertical. 
5. Alternate light and dark, horizontal. 
6. Picture split horizontally, left and right. 
7. Picture split vertically, top and bottom. 
8. Picture folded horizontally. 
9. Picture folded vertically. 

III. B. Interference effects.  

1. R-f signal effects. 
2. Streaking, horizontal. 
3. Flashes, horizontal. 

III. C. Added picture or image lines. 

1. Ghosts 
2. Multiple images. 

Now we . shall proceed to list the troubles which most often produce the added bars, lines, or image 
effects. 
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Fig. 94-1. A bright horizontal bar combined with vertical non-linearity. 

III. A. 1. BRIGHT HORIZONTAL BAR. 

Bars which show up horizontally indicate that something has gone wrong in the vertical con-
trol or sweep circuits, since the picture is not correctly distributed in a vertical direction. 

Check for weak tubes, for incorrect tube voltages, for changed values of resistors or capaci-
tors, for shorted or open resistors, for shorted, leaky, or open capacitors, and for defective 
connections in the following circuits. 

a) Vertical hold control. 
b) Vertical linearity control. 
c) Vertical size control. 
d) Vertical sweep oscillator and vertical sweep amplifier. 

III. A. 2. BRIGHT VERTICAL LINES. 

Lines, or bars, which show up vertically generally indicate trouble in a horizontal control or 
sweep circuit. Most often the trouble is one which affects every horizontal trace line at the 
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Fig. 942. A bright vertical line appears to the left of the dome. 

Fig. 94-3. Bright vertical lines of varying intensity are at the left-hand side of the picture. 
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Fig. 94-4. Troubles producing bright vertical lines cause darker vertical bands to appear in the raster. 

same point or points during travel of the electron beam from left to right. The horizontal 
sweep rate is not uniform from left to right, and the sawtooth voltage or current is not linear. 
When the same effect occurs on every horizontal trace line, the overall result appears as verti-
cal bars or lines when successive horizontal trace lines are formed from top to bottom of the 
picture. 

Faults of this general nature ordinarily will appear on the raster as well as on pictures. A 
raster may be examined by turning down the brightness control to emphasize differences in 
shading across the picture area. 

When the trouble consists of high-frequency damped oscillations anywhere in the horizontal 
sweep and deflection systems the effect may be called ringing. 

a) Drive control or horizontal peaking control incorrectly adjusted. 
b) Horizontal sweep oscillator circuit. 

(1) Tube defective. 

(2) Plate voltage or grid bias incorrect. Check voltage dropping resistors, grid resistor, 
and grid capacitor. 

(3) Coupling capacitor from oscillator to sweep amplifier leaky. 
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c) Damper circuit. 
(1) Plate voltage too low, not enough damping action. 
(2) Resistor shunting the damper has too little resistance, too much series resistance, 

wrong tap connection being used. 
(3) Connection to wrong tap on secondary of output transformer. 

d) Deflection yoke circuit. 
(1) Check the capacitor which is across a horizontal coil. 
(2) Yoke (replacement type) not suited for the circuit. 

Fig. 94-5. Vertical retrace ( slanting) lines on a picture. Note, incidentally, that the lines are uniformly 
spaced, indicating good interlace. 

A. 3. BRIGHT SLANTING LINES. 

These are vertical retrace lines, usually caused by setting the brightness control too high 
and/or the contrast control too low in relation to each other. Blanking voltage applied to the 
grid- cathode circuit of the picture tube does not cut off the beam during retrace. 

a) Picture tube control grid bias insufficiently negative. 
b) Coupling capacitor from video amplifier to picture tube leaky. 
c) Vertical hold may be far enough out of adjustment to keep picture slightly high or slightly 

low. 
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Fig. 94-6. There is a dark vertical band at the left. Note that this side of the picture is stretched, indi-
cating too rapid travel of the electron beam where illumination is low. 

A. 4. DARK VERTICAL BAND. 

The same troubles which cause bright vertical lines may, in more severe cases, cause darken-
ing of a vertical bar or band on the left side of the picture. Examination of the raster will 
show that the darkened band is followed by alternate light and dark vertical bars which be-
come successively narrower. 

Check the troubles listed for subdivision III. A. 2. 

A. 5. DARK VERTICAL LINE. 

This fault usually appears as a narrow line, dark on its left-hand edge and light on its right-
hand edge. The width may vary more or less continually, and occasionally the line may break 
up into a series of flecks with a total width of about a quarter inch. Instead of a single line 
there may be two or more lines or parts of lines. 

The cause is Barkhausen oscillation. This is a very high frequency parasitic oscillation oc-
curing in the screen and plate circuit of the horizontal sweep amplifier. During such oscilla-
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Fig. 94-7. A dark, or dark and light, vertical line at the left indicates Barkhausen oscillation. 

tion the electrons flowing to the plate change their velocity or momentarily reverse their direc-
tion as the plate becomes instantaneously negative with reference to the screen, caising a 
sudden variation of plate current. Frequency of oscillation depends on spacing of elements 
within the amplifier tube, on inductances of connected leads, and on stray capacitances in the 
circuits. 

The fault most often appears with weak received signals and high setting of the contrast or 
gain control, although sometimes it appears with reduction of gain or contrast control setting. 
Reception in high-band channels is affected more than in the low band. The position of the 
line usually varies with the channel received. 

a) Drive or peaking control misadjusted, for too much drive (not enough capacitance) or for too 
much negative peaking. 

b) horizontal linearity control, on output transformer, misadjusted. 
c) Horizontal size control, on output transformer, adjusted for an excessively wide picture. 
d) Horizontal sweep amplifier. 

(1) Defective tube. 
(2) Plate and/or screen voltage incorrect, usually too low. 
(3) Screen bypass capacitor too small or open. 
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Ill. A. 6. ALTERNATE LIGHT AND DARK BANDS, HORIZONTAL. 

a) Sound bars. More than two dark and two light bands between top and bottom of picture. 

Sound bars result from a sound or audio frequency getting into the circuits for the video de-
tector, video amplifier, or picture tube signal input. 

If the troublesome voltage is that of voice or music modulation from any source, the bars 
will move or weave vertically with changes of modulation frequency, and the bars will dis-
appear when the voice or music stops. If the frequency is constant, and an exact multiple 
of 60 cycles, the bars will remain stationary. If the constant frequency is not a multiple of 
60, the bars will move up or down on the screen at a steady rate. 

The frequency of the troublesome voltage is equal to 60 times the number of pairs of dark 
and light bars. 

(1) Volume control too high. 
(2) Fine tuning control misadjusted. 
(3) Strong interference from amplitude-modulated transmission of short-wave or broadcast 

stations. Amateur, police, etc. 

Fig. 91,8. Sound bars. There may be any total number of alternate light and dark bars. 
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(1.) Microphonic tube. 
(a) Vibrates with volume turned up, usually stops when volume turned down. Try tap-

ping tubes with volume low. 
(b) Usually the r-f oscillator or the mixer, but may be in i-f amplifier, sync section, or 

sweep oscillator positions. 
(5) R-f oscillator. Aligned to bring sound intermediate frequency too high on the response, 

or outside the trap frequency when sound traps are used. With dual sound systems this 
would prevent reproduction of sound from the speaker. 

(6) l-f amplifier. 
(a) Aligned to bring sound intermediate too high on the response. The sound bars usual-

ly persist with the volume turned down. 
(b) Oscillation, usually due to alignment at incorrect frequencies in stagger tuned ampli-

fier. 
(7) Traps misadjusted. 

(a) Bars usually persist even with volume turned down. 
(b) Check the following traps, if used. 

i) Accompanying sound. 
ii) Adjacent sound. 

iii) Intercarrier beat. 
iv) Trap that shapes response or prevents excessive peaks. 

(8) Sound section. 
(a) Sound takeoff incorrectly aligned. 
(b) Demodulator secondary incorrectly aligned. 
(c) Tube defective. Sound i-f amplifier, demodulator, or audio output. 

(9) B-supply system with sound section cathodes feeding plates in other sections. 
Filtering ineffective between sections. Check the decoupling resistor and capacitor(s), 

b) hum bars. Only one or two dark bands and light bands between top and bottom of picture. 

These voltages are due to power line frequency (60 cycles) or at the output frequency of a 
full-wave rectifier ( 120 cycles) entering circuits of the video detector, video amplifier, or 
picture tube input. 

Hum bars ordinarily remain stationary, since their voltages are at the 60-cycle vertical de-
flection frequency or at twice this frequency. Strong hum voltages which are at or close to 
60 cycles or a multiple of 60 cycles will synchronize the vertical deflection, and the bars 
will remain stationary. 

Hum bars usually are accompanied by greater or less vertical waving of the picture, as may 
be seen in the illustration of this fault. 

(1) Excessive ripple voltage from low-voltage power supply. 
(a). Filter capacitor open, of too small capacitance. 
(b) Filter resistor or choke shorted, of too small value. 

(2) Power transformer or power filter choke too close to picture tube neck or socket. 
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Fig. 94-9. Hum bars, caused by voltages at 60 or 120 cycles per second. Note that the picture is wavy 

from top to bottom. 

(3) Decoupling capacitor open, or decoupling resistor shorted. Check video amplifier, sync 

section, horizontal sweep oscillator and amplifier circuits. 
(4) Heater-cathode leakage. Check tubes in video amplifier and in i-f amplifier sections, 

especially the latter because its output is amplified before reaching the picture tube. 

A. 7. SPLIT PICTURE, HORIZONTALLY. 

The picture is divided into two parts by a horizontal dark bar, which is a vertical blanking 
bar «curing between successive fields and frames. The bottom of the reproduced picture ap-
pears above the lower part. The blanking bar may remain stationary, but more often it moves 

up or down rather slowly. 

This fault is due to incorrect vertical sweep frequency, to a frequency that does not exactly 
synchronize with vertical pulses of the received signal. If there is but one complete picture, 
split into two parts, the frequency is off to only a slight degree. If there are two complete 

pictures, separated by horizontal bars, the vertical sweep is occuring at 30 cycles instead of 
at 60 cycles per second. If there are three complete pictures the vertical sweep is at 20 
cycles, or at 1/3 of the correct rate. 
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Fig. 94-10. Split picture, with horizontal bar. Note that the legs of the two boxers appear at the top, 
while their heads appear below. 

Vertical sweep oscillator circuit. 

a) Capacitor of wrong value or leaky, or resistor of wrong value, in vertical hold control cir-
cuit. 

b) Capacitor or resistor of wrong value or defective in the vertical timing circuit, which in-
cludes the sawtooth capacitor and all resistors and other capacitors associated with it. 

c) If part of the sync section serves only the vertical oscillator, check tubes, capacitors, and 
resistors in this part. 

III. A. 8. SPLIT PICTURE, BY VERTICAL BAR. 

The appearance of a dark vertical bar between parts of the picture indicates trouble in hori-
zontal synchronization. The dark area is a horizontal blanking bar, or it represents blanking 
between successive horizontal trace lines all the way from top to bottom of the picture. 

a) Horizontal afc system, between sync section and oscillator. 
(1) Service controls misadjusted, as lock control, phasing control, etc. 
(2) Capacitor open, leaky, wrong value. 
(3) Resistor of wrong value. 
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Fig. 94,11. Split picture, with vertical bar. Ile man at the left-hand side of the picture is tipping his hat 
to the woman who appears at the right. 

(4) Control tube defective, for this position. 
(5) Leads reversed to a phase detector. 

b) Horizontal hold control circuit. 
Defective capacitor or resistor. 

c) Sync section. 
(1) Coupling capacitor leaky, too little capacitance, open. 
(2) Wrong connections in portion serving horizontal control. 

d) Horizontal output transformer. 
Wrong connections on secondary; for yoke, damper, controls, or shunting capacitor. 

e) Horizontal deflecting coils, in yoke. 
Shunting capacitor defective. 

Note. _Strong interference from a channel other than the one tuned may cause this fault. 

A. 9. FOLDED PICTURE, HORIZONTALLY. 

Part of the picture may appear reversed from left to right, and as though folded under or over 

the other part, but with the images in both parts remaining visible. One part is greatly ex-



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 94— Page 13 

Fig. 94-12. Folded picture, horizontally. The part of the image which is stretched horizontally is at the. 
left in this particular case. It might be at the right. 

Fig. 94,13. Horizontal folding combined with lack of horizontal size. The stretched and folded part of ti,e 
picture is here at the right. 
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tended in a horizontal direction, so that objects in it appear much too wide. The two parts of 
the picture may nearly fill the width of the mask, or both together may take up much less than 
the distance across the mask. 

The fault is due to an incorrect timing relation of horizontal trace lines ( the picture elements) 
and horizontal blanking. Part of each trace line is formed during the period when the beam 
should be blanked. Instead, the trace is reversed in direction while picture elements still are 
being formed, with the result that these elements are reversed. 

a) Drive or peaking control misadjusted. 
b) horizontal afc control adjustments are incorrect. 
c) Damper circuit. 

(1) Tube weak or otherwise defective. 
(2) Capacitor from cathode line to B-plus is open. 
(3) Plate voltage too low. Shunt resistor adjusted wrong, of wrong value, connection made 

to wrong tap. Connection to wrong tap on secondary of horizontal output transformer. 
d) Horizontal sweep amplifier grid resistor of too little resistance, or otherwise defective. 
e) horizontal linearity control, on transformer secondary. 

(1) Open circuited. 
(2) Inductor defective. 

Fig. 94-14. Folded picture, vertically. In the central portion of the picture there is excessive height. 
while there is compression of the duplicated images higher up. 
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Ill. A. 10. FOLDED PICTURE, VERTICALLY. 

Part of the picture is compressed in a vertical direction, with the same part or the remainder 
appearing as though folded over or under. I3oth parts are visible at the same time. The en-
tire picture is of less height than the vertical size of the mask opening. The picture, as 
folded, may remain stationary or nearly so with the vertical hold control in one position, and 
lose vertical sync with the control in other positions. 

a) Vertical hold control circuit. Check capacitors and resistors for wrong values, opens, 
leaky capacitors, partially shorted resistors, etc. 

b) Vertical sweep oscillator. 
(1) Grid capacitor leaky. 
(2) Grid resistor of too little resistance, shorted, wrong value. 

c) Vertical sweep amplifier circuit. 

(1) Grid resistor of too small value, otherwise defective, 
(2) Coupling capacitor from oscillator to amplifier shorted, leaky. 

Ill. 13. 1. SLOPING OR VERTICAL LINES. R-f Interference. 

High- frequency interference causes fine lines to slope to the right or left, or they may be ver-

Fig. 9 1.-15 R-f interference, with or without modulation, may cause narrow lines sloping either direction, 
or shifting back and forth. 
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tical. The lines shift and weave while the interfering signal is modulated, and remain nearly 
stationary when there is no modulation. The more common sources of such interference in-
clude: 

a) Other television channels, f-m broadcasts., and radiation from oscillators or television re-
ceivers. One or more of the following procedures may help. 
(1) Careful adjustment of the fine tuning control. 
(2) Change of antenna orientation or position. 
(3) Change of transmission line position. 
(4) Careful adjustment of trap(S) . for adjacent sound, or of traps on the antenna and r-f am-

plifier circuits. 
b) Intercarrier beat, at 4.5 mc, causes similar effects. 

(1) Adjustment of accompanying sound trap(s). 
(2) Adjustment of trap for intercarrier beat frequency. 
(3) I-f amplifier may be aligned to bring sound intermediate frequency too high on the re-

sponse, or out of the frequency range of accompanying sound traps. 
c) Feedback of video frequencies, in the higher range. 

(1) Check the dressing of all coupling capacitors from the video detector through to the 
picture tube grid- cathode input. Capacitors may be brought closer to chassis metal. 

(2) Check the dressing of picture tube signal input leads, either grid or cathode, which may 
run too close to other circuit elements and wires, or too close to chassis metal. 

d) high-voltage power supply, r-f type. 
(1) Shield enclosure may be grounded to chassis when it should be isolated or connected 

only through a capacitor and resistor. 
(2) Shield may not be grounded in designs which require its grounding. 
(3) Defective filter chokes or filter resistors on line from B-plus to oscillator circuits. 

(4) Filter capacitor ( high-voltage) open. 
(5) Oscillator plate and grid leads not dressed close to chassis. 
(6) Loose or dirty connections anywhere in this power supply. 

Note.—This kind of interference sometimes may be identified by counting or estimating the 
number of lines, which would be equal to the oscillator frequency divided by 15,750 cycles. 
The number of interference lines and their degree of slope will vary if the power supply 
oscillator frequency can be altered by the control for output voltage. 

III. B. 2. CROSSHATCH LINES. R-f Interference. 

This type of interference effect usually is due to amplitude modulated signals from any class 
of transmitter. If interference is in the very-high frequency band it may appear on some chan-
nels and not on others. If in the television intermediate-frequency range the trouble will ap-

pear on all channels. 

Remedies are, in general, the same as for sloping or vertical lines, subdivision III. B, 1. 
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Fig. 94-16. 
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R-f interference, with modulation, may cause a cross-hatched pattern. 

Fig. 94-17. R-f interference from medical, commercial, or industrial apparatus operating at moderately 

high frequencies may cause a herringbone pattern anywhere on the picture. Other inter-

ferences may cause a similar pattern. 
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B. 3. HERRINGBONE LINES. R-f Interference. 

a) Possible sources of interference causing this effect are as follows. 
(1) High-frequency medical apparatus of any kind, such as X-ray machines, diathermy ap-

paratus, violet-ray or infra-red apparatus. 
(2) F-m broadcast signals. 
(3) A-m broadcast or short-wave signals, while modulated. 
(4) Oscillator radiation from other television receivers. 

b) Remedies are the same as for sloping or vertical interference lines, subdivision M. B. 1. 
c) Sources within the offending receiver may be, 

(1) Oscillation in the i-f amplifier section, due usually to alignment of two or more stages 
at the same or nearly the same frequency, or to incorrect dressing of parts and leads, or 
to shields which are loose or which have been removed and not replaced. 

(2) Feedback in the sound i-f amplifier, usually due to defective decoupling capacitors. 

III. B. 4. STREAKING OR SPECKLING, HORIZONTAL. 

This fault, usually due to some kind of spark interference, consists of very brief darkened 

Fig. 94-18. Horizontal streaking or speckling which was due to an electric motor on the same power iinP 
as the receiver. 
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Fig. 94,19. Horizontal streaking appears as irregular dark lines occuring intermittently across the picture 
or pattern. 

intervals along the horizontal lines. The duration of the streaks is so brief that the camera 
hardly can catch their effect. To the eye, the appearance is more as illustrated by the draw-
ing of a test pattern in Fig. 94-19. 

Spark interferences, their causes and possible remedies, are discussed in detail by the les-
sons dealing with interference in general. Other causes for streaking are as follows. 

a) High-voltage power supply corona, arcing, or flashover Causes and remedies are dis-
cussed in lessons on high-voltage power supplies. These troubles may be identified with 
room lights turned off while the receiver is in operation Corona appears as a blue glow on 

high-voltage parts and conductors. 
(1) Loose or corroded connections in any high- voltage lines. 
(2) Dirt or moisture on the high-voltage rectifier socket. 
(3) Splices in high-voltage leads. They should be continuous wires. 
(4) High-voltage leads or parts too close together. Check carefully at the rectifier socket 

Rectifier plate and filament leads should be at least one inch from other metallic ob-

jects. 
(5) Poor connections between rectifier base pins and socket contacts. 
(6) Poorly soldered joints. There must be no sharp points or loose wire strands. 
(7) A corona ring may be mounted on or connected otherwise to one of the rectifier filament 

pins, at the socket. See that this ring is secure and evenly spaced around socket termi-

nals. 
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Note.—Additional insulation on high-voltage conductors and parts may be provided by ap-
plying high-voltage cements sold for this purpose, or by polystyrene or polyethylene ce-
rnent, wherever there are electrical discharges. 

b) Oscillation in the i-f amplifier section, due to incorrect alignment, wrong dressing of leads, 
loose or omitted shields, etc. 

c) \licrophonic tube anywhere between the antenna and picture tube input. Try tapping each 
tube while watching for any change in the streaking effect. If a tube causes any increase, 
check its socket connections, a cushion mounting if used, or replace the tube. 

d) Picture tube second grid intermittently open circuited. This may cause a coarse variety of 
streaking. 

III. B. 5. FLASHES ON PICTURE. 

a) Very strong spark interference occuring intermittently, as when electrical devices are 
switched on and off. 

b) Coupling capacitors in high- voltage circuits have intermittent or momentary shorts, or there 
may be flashing over their insulation because of dirt or moisture. 

Fig. 91-20. Flashes at irregular intervals across the picture 
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c) Tube in which elements momentarily short circuit. Try lightly tapping the tubes between 
antenna and picture tube input to note whether any of them cause flashing. 

d) Flashover or arcing in high-voltage power supply or picture tube anode circuit. Check as 
explained for Streaking or Speckling in subdivision III. B. 4. 

In our next classification we consider troubles which cause added picture lines. The normal image is 
present, but, in addition, there appear to be one or more additional sets of image lines. One group of 
troubles includes signal reflections which reach the antenna at an instant of time slightly different from 
the regular signal, causing what usually is called a ghost image. Another group of troubles occurs within 
the receiver itself, sometimes causing only one additional set of image lines, but usually causing two or 
more sets of graduated intensity. These are called multiple images. 

HI. C. 1. GHOST IMAGE. 

The causes for ghost images, and the usual remedies, are discussed in lessons dealing with 
interference in general. Ordinarily there is only a single signal reflection, which causes a 
single added image displaced from the normal image by any distance horizontally on the 
screen. The ghost image usually is toward the right from the normal image, indicating that the 

Fig. 94-21. A ghost image is a complete duplicate of the regular image, although usually of lessened 
intensity or strength. 
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reflection has traveled farther than the direct signal, and has taken longer to arrive at the an-
tenna. In rare cases the ghost may appear at the left from the normal signal, indicating a 
relatively weak signal pickup directly in the receiver circuits slightly earlier than through an 
antenna and a long transmission line. Remedies most often are applied at the antenna, as 
follows. 

a) Change the orientation. 
b) Change the location. 
c) Raise the antenna higher or, in rare cases, drop it lower. 
d) Use a reflector element when signal reflections are from the rear. 
e) Use a director, in addition to a reflector element, when signal reflections arrive at the front 

of the antenna system. 
f) Use a more directional type of antenna. 

III. C. 2. MULTIPLE IMAGES. 

Multiple images almost always indicate the presence of damped oscillation in an amplifier cir-
cuit. There are oscillatory waves which quickly die away. Portions of the picture which are 
produced by video frequencies at and near the oscillation frequency then are caused to repeat 
by successive peaks of oscillation. 

Fig. 94-22. Multiple image lines follow closely at the right from the normal image lines. The effects may 
be disagreeable, even when the fault is much less pronounced than in the extreme case 
illustrated. 
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Multiple images are closely and equally spaced from each other, and to the right from normal 
image lines, at distances dependent on the frequency of damped oscillation. Successive 
images decrease in strength, as the damped waves decrease in amplitude. 

The images occur most commonly where there are sudden variations of video frequency, as at 
abrupt changes from bright to dark and vice versa. These sudden changes tend to excite the 
offending circuit into oscillation. Ghost images, as distinguished from multiple images, follow 
all shadings and variations of shadings, whether abrupt or gradual. 

a) Contrast or gain control too high. 
b) Drive or peaking control misadjusted. 
c) Video amplifier circuits. 

(1) Peakers of incorrect value, or defective, causing excessive peaking at high or medium 
video frequencies. 

(2) Coupling capacitor of too small capacitance, open. 
(3) Decoupling capacitor open. 
(4) Check the dressing of leads, capacitors, and resistors. 

d) Video detector circuit. Load resistor of wrong value, shorted. 
e) I-f amplifier circuits. 

(1) incorrect alignment, with excessive gain toward the sound side of the response, where 
the higher video frequencies are carried. 

(2) Coupling capacitor of wrong value, open. 
(3) Decoupling capacitor open. 
(4) Check the dressing of leads and capacitors. 
(5) Shields loose, removed and not replaced. 

f) Transmission line mismatch, standing waves. This would cause very close spacing of 
images, and usually would result only in blurring rather than in separated lines. 

PATTERN GENERATORS 

When neither television pictures nor test patterns are available it is possible to check the performance 
of many receiver circuits and to make certain service adjustments with the help of a pattern generator. 
This is an instrument for producing on the picture tube screen a pattern consisting of a series of bars or 
lines. Fig. 94-23 shows horizontal bars thus produced on the picture tube of a receiver which is in satis-
factory adjustment. Fig. 94-24 shows how the bars look when there is severe vertical non-linearity, which 
here is causing excessive separation and widening of bars toward the top, with crowding and narrowing at 
the bottom. 

\lost commercial pattern generators will produce either horizontal bars or vertical bars, white some will 
produce both kinds of bars at the same time. Fig. 94,25 shows how vertical bars may appear when there is 
severe horizontal non-linearity, causing crowding and narrowing at both left and right, with stretching and 
widening just at the right of center. 

Pattern generators find their greatest usefulness in making adjustments of linearity. They are used 
also during adjustment of size controls, for adjusting drive or peaking controls as these affect linearity 
and width, and for correcting skew. It is possible also to check the behavior of hold controls, of contrast 
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Fig. 94-23. A pattern of horizontal bars showing satisfactory receiver operation. 

Fig. 9 4- 24. Vertical non-linearity as shown by a bar pattern. 
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Fig. 94-25. Horizontal non-linearity as shown by a bar pattern. 

or gain controls, and of brightness controls. The pattern generator feeds to the antenna terminals of a re-

ceiver a carrier-frequency signal modulated with the bar pattern. This signal passes through all receiver 
sections and to the picture tube. Consequently, the appearance of satisfactory bar patterns indicates that 
there is selection, transfer, and amplification of signals in the tuner, in the i-f amplifier, the video detec-
tor, video amplifier, sync section, and sweep sections. 

A pattern generator employs one oscillator for producing the carrier frequency and a separate oscillator 
for producing either horizontal or vertical bars. If bars are to be formed in both directions at the same time 
there will be three oscillators; one for the carrier frequency, a second for horizontal bars, and a third for 
vertical bars. 

The output of the carrier- frequency oscillator, which goes to the antenna terminals of the receiver, is 
modulated by frequencies from the other oscillators. The oscillator for horizontal lines must produce a 
frequency which is some multiple of the vertical sync frequency, 60 cycles per second. For each 60 cycles 
in the oscillator output there will be one horizontal dark bar and a following light bar during each 1/60 
second of time. A frequency of 600 cycles per second thus should produce 10 dark bars and 10 intervening 
light bars. Since vertical blanking takes up about 7 per cent of each field or frame period, no more than 93 
per cent of the theoretical number of pairs of bars can actually appear on the screen. In our present ex-
ample only 9 pairs of bars would be seen with the oscillator operating at 600 cycles per second. 

The oscillator producing vertical bars must operate at a multiple of 15,750 cycles per second, the hori-
zontal sweep frequency. For 11 pairs of dark and light bars, as an example, the oscillator frequency would 
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be 14 times 15,750 cycles, or 220,500 cycles ( 220.5 kc) per second. Horizontal blanking takes up about 
16 per cent of each horizontal line period, so no more than 84 per cent of this number of pairs of bars can 
appear. In the present example there would be 12 pairs of bars on the screen. 

The outputs of the oscillator or oscillators producing bar-forming frequencies may be applied to the out-
put of the carrier-frequency oscillator in any of the ways commonly used for modulating service type r-f 
signal generators with audio frequencies. Any marker or sweep generator capable of producing carrier fre-
quencies, and with provision for external modulation, may have any unmodulated r-f signal generator con-
nected to its external modulation jack for production of vertical bars. Any audio-frequency generator may 

be similarly connected to the external modulation jack for production of horizontal bars. 

Another method of modulation employs a mixer, which may be a diode tube or a crystal diode. The prin-
ciple is illustrated at 1 in Fig. 94-26, where there is one additional oscillator for producing either hori-
zontal or vertical bars, depending on the operating frequency of this oscillator. At 2 are shown, in princi-
ple, the connections for using two additional oscillators for forming both horizontal and vertical bars at the 
same time. In actual practice there must be provision for making the two sets of bars of equal strength, 
and for preventing undesired interaction between the several oscillators. 

To use a pattern generator, first remove the regular antenna or transmission line connections from the 
receiver, attach the generator output leads to the antenna terminals, turn on both the receiver and genera-
tor, and allow them to warm up thoroughly. Place the receiver selector switch at any channel for which 
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Fig. 94-26. Modulation of the carrier-frequency oscillator by other oscillators which produce the bar-
forming frequencies. 
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the pattern generator may be tuned. Tune the generator for the same channel, usine the video carrier fre-
quency or one somewhat higher, but still within the channel limits. Tests and observations may be made 
on any channel. If the generator is marked or graduated only for low- band channels, it nearly always will 
cover the high-band channels on third harmonics of the lower frequencies. 

Place the receiver contrast and brightness controls at about their mid-positions to begin with. Adjust 
the receiver horizontal hold control to obtain stationary vertical bars, and adjust the vertical hold control 
for steady horizontal bars. It may be necessary to slightly readjust the generator frequency. To obtain 
good contrast, and equal brightness of horizontal and vertical bars, it will be necessary to adjust the re-
ceiver contrast and brightness controls, also the output controls or attenuators of the pattern generator. 

When generator modulation frequencies are multiples of vertical and horizontal sweep frequencies, as 
explained earlier, the receiver hold controls will act in the same way as with transmitted pictures. The 
horizontal hold will tilt the vertical bars one way and the other, or will hold them in a true vertical posi-
tion. The vertical hold will cause the horizontal bars to roll either upward or downward, or will keep them 
stationary. 
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LESSON NO. 95 

SIGNAL TRACING 

Signals which arrive at the antenna of a television receiver contain all the picture and sound information 
and all the synchronizing pulses, presumably in correct relative amplitudes, or correct waveforms, and with 
correct phase relations. If these correct signals or their intended effects reach the picture tube and speaker 
there will be satisfactory performance. But if there is trouble, all or part of the signals will get lost, be-
come distorted, or become excessively weakened somewhere along their route. All this is equally true of 
sound-modulated signals which reach the antennas of broadcast receivers. 

Disappearance of a correct or satisfactory signal at the point where there is a fault is the basis of a 
method of trouble shooting called signal tracing. Signal tracing consists of observing the signal and its 
effects at various points in the receiver circuits. To observe modulated signals which are at carrier fre-
quencies, intermediate frequencies, or other radio frequencies we employ some form of detector for demodu-
lating the signals wherever they may be picked off the receiver circuits. The modulation then is passed 
through a suitable low-frequency amplifier and reproduced by a test speaker or other suitable indicator. To 
observe signals which are at audio frequencies or at sync pulse frequencies in the receiver, it is possible 
to omit the detector and apply these signals directly to the low-frequency amplifier of the tracing instru-
ment. 

A signal tracer for use on broadcast sound receivers consists of a detector, which most often is a crystal 
diode type, mounted within a probe and connected through a shielded cable to a sensitive amplifier whose 
output operates either a speaker or headphones. The interior of one such inst-ument is pictured by Fig. 
95-1. The speaker maybe seen in the center of the panel. The two tubes in the foreground are an a-f voltage 
amplifier and a power amplifier. The rectifier tube for the self-contained power supply is at the far left. On 
the panel is a control for sensitivity or volume, also a jack or other suitable connection for the cable of the 
detector probe. A tracer of this style is also useful for working on f-m broadcast receivers and on many of 
the circuits in television receivers, provided the detector ?robe is suitable for pickup of the high frequen-
cies found in such receivers. 

TRACER PROBES. Fig. 95..2 shows the design of a crystal diode detector probe which is satisfactory 
for tracing in standard broadcast sound receivers and for much of the work in f-m and television receivers. 
By using tubular ceramic capacitors and 1/2-watt composition resistors this probe maybe built into a small 
tube with the arrangement of parta and connections illustrated below the circuit diagram. 

Blocking capacitor Cl may be of 1,000 to 1,500 mmf, rated at no less than 500 d-c volts. Capacitor C2, 
of 10 mmf, prevents harmful effects of sell-resonance in the probe when used at television and f-m frequen-
cies. Capacitor C3, of about 2.2 mmf, bypasses very-high-frequencies found in television circuits. Capaci-
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Fig. 95-1. A signal tracing instrument consisting of a sensitive audio amplifier and a speaker. 

tor C4, of 500 mmf, bypasses the lower radio frequencies of all types of receivers. Resistor R1, of 100K 
ohms, completes a d-c return circuit for the signal. Filter capacitor R2 should be of about 250K ohms. 

This probe places a very considerable capacitance across the points tested, and tends to detune any cir-
cuit which is normally tuned to resonance. This disadvantage is balanced to a large extent by the fact that 
this one probe has good pickup for weak r-f signals,yet gives good response when applied to audio circuits. 
If the detuning causes severe loss of a signal it will be necessary to temporarily change the tuning adjust-
ments of the tested circuit, the operating frequency of the test generator, or to use a probe of less capaci-
tance such as will be described presently. 
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Fig. 95-2. Circuit and arrangement of parts in a detector probe suitable for nearly all methods of signal 

tracing. 

For use only with standard broadcast receivers the detector probe may be as simple as illustrated by Fig. 
95-3. Resistor R may be of any value between 50K and 500K ohms, with capacitor Cl of 50 to 100 mmf. 
Since there is no blocking capacitor in this probe, one must be used in the amplifier as shown at C2 or with 
some equivalent arrangement. 

It is absolutely essential to use shielded cable between probe and amplifier, with the cable shield se-
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Fig. 95-3. A detector probe suitable for signal tracing in broadcast sound receivers. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 95 — Page 4 

curely connected to the probe shield and to chassis ground or B-minus in the amplifier. The lead for the 
ground clip on the probe is connected to the probe shield and to the cable shield. 

TUNED TRACERS. Detector probes for signal tracing usually are untuned, they respond to any and all 
frequencies within the demodulation range of the detector element. The probes in Figs. 95-2 and 95-3 are 
untuned types. Amplifiers in the smaller and less costly signal tracing instruments are likewise untuned, 
they are simply audio amplifiers which operate on any low frequency or audio frequency welch is applied 
to them from a detector probe. 

In order to provide greater pickup sensitivity and also make it possible to identify frequencies existing 
at various points in receiver circuits, either the probe or the amplifier may be tunable. A tuned probe is 
somewhat similar to the untuned types so far as the detector and filter are concerned. The tuned probe has 
a small coil which may be tuned to resonance at various frequencies by means of a miniature ceramic ad-
justable capacitor connected across the coil. The coil, or a single turn in series with it, is brought near 
any point at which it is expected to pick up a signal frequency to which the probe is tuned. There is enough 
selectivity in the tuned probe to allow identifying a frequency, and enough resonant gain to provide some 
increase of signal voltage going to the detector portion of the probe. A tuned probe may contain either a 
crystal diode or a grid-leak tube detector. 

Many of the larger signal tracers contain tuned radio-frequency amplifiers. An elementary circuit diagram 
for such a type is shown by Fig. 95-4. In this diagram are two tuned r-f amplifier stages followed by a com-
bined diode detector and a-f voltage amplifier tube. The probe is not a detector type, but contains only a 
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Amplifier circuits and range selector connections for a tuned signal tracer. 
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resistor of 0.5 to 1.0 megohm for reducing the effect of cable capacitance. This resistor is connected 
through a shielded cable to an input attenuator and thence to the grid of the first r-f amplifier. 

The tuned amplifier stages are designed to operate in any one of a number of radio-frequency bands. For 
each band there is a suitable coupling transformer having its individual trimmer. Any one of these transfor-
mers may be connected to the amplifier tube circuits by means of a range selector switch. Tuning through-
out any selected band or range of frequencies is accomplished by a ganged variable tuning capacitor having 
one section for each amplifier stage. It is common practice to use more than the two amplifier stages shown 
in the diagram, also to have more than the three frequency bands represented here. Following the a-f volt-
age amplifier will be an output power amplifier and a speaker or other indicator. Electron-ray tubes often 
are used to insure correct tuning of the amplifier to whatever frequency is being picked up. 

An amplifier of this general type may be tuned to the frequency at which a tested circuit should be oper-
ating when checking for such matters as gain. It is possible also to tune to any frequency at which there 
appears to be high response, thus identifying any frequencies which should not be present in the tested cir-
cuit. This is a means for determining the kind of interference which may be present. 

AUDIO AMPLIFIERS. The audio or low-frequency amplifier of a signal tracer should operate at a low 
hum level or with small ripple voltage. This mquires good filtering of the power supply, effective decoup-
ling, and careful dressing of leads and parts. Tone fidelity seldom is of great importance, since our chief 
concern is with the presence or absence of any recognizable signal. If the test signal is to be provided by 
a signal generator, rather than from pickup of broadcast programs, the tracer amplifier should have good 
sensitivity at the frequency of tone modulation in the generator, which usually is 400 cycles. 

The output of the signal tracer audio amplifier may be applied to various indicators other than a built-in 
speaker. From the plate circuit of an amplifier tube a connection may be made through a blocking capacitor 
of 1,000 nunf or more to a vacuum tube voltmeter which is set for a-c voltage indications. The secondary of 
the speaker coupling transformer may be connected to an a-c output meter such as used for alignment of 
sound receivers. Some tracers have a built-in meter, with a selector switch for using either the speaker, a 
meter, or any external indicator. 

The generator, for providing a test signal may be any service type r-f generator,which will tune to carrier 
and intermediate frequencies, and which can be operated with audio or tone modulation. If the generator 
does not tune as high as the required carrier frequencies on fundamentals, its harmonic frequencies usually 
will be satisfactory. With the output of the signal generator coupled to the antenna, to the antenna terminals, 
or to the mixer grid of the receiver, the demodulated signal at the tone frequency will be heard from a speak-
er or will actuate any other output indicator when the detector probe is applied to any point in r-f, 
circuits reached by the signal. Methods of coupling the signal generator to the receiver are the same as for 
making alignment adjustments. 

It may be assumed that receiver circuits are in working order as far as all points where the test signal 
can be detected and reproduced. When the signal no longer can be detected, or when it becomes noticeably 
faulty in some respect, some trouble may be assumed to exist between this latter point and the previous 
one yielding a good signal. 

METHOD OF TRACING. The principal points at which a test signal would be checked in a conventional 
standard broadcast receiver are numbered in order on Fig. 95-5. With the signal generator coupled to the 
receiver, the tuning dials of both are set for the same frequency. It is preferable to use a test frequency 
near the low end of the reception band in order that capacitance of the probe may have minimum detuning 
effect. As mentioned before, the signal generator should be tone modulated. We shall assume that neither 
the probe nor the tracer amplifier is of a tunable type. 



Fig. 95-5. The order of signal tracing in a typical standard broadcast sound receiver. 
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For a preliminary check the detector probe should be applied directly across the output of the signal 
generator while the attenuator of the generator is adjusted for a barely audible sound in the speaker or a 
low reading on any other indicator. This should be done with the volume control of the tracer amplifier at 
or near maximum. Then, with the probe applied to the grid of the r-f amplifier, point I of the diagram, either 
the receiver or the signal generator should be carefully retuned for maximum response, since dial markings 
for a given frequency may not be alike on the two pieces of apparatus. 

The probe is connected next to the plate of the r-f amplifier, point 2. Then response or output indication 
should be noticeably stronger than at the grid. The third check point is at the r-f signal grid of the conver-
ter tube, point 3. Ilere the sound or other indication should be about the same as at the plate of the r-f amp-
lifier. This completes the checks of the r-f stage. 

With the probe still on the r-f signal grid of the converter, and the tracer volume control still at maximum, 
the attenuator of the signal generator should be turned down until the sound response or other indication is 
as weak as can be clearly recognized. Then the probe is shifted to the plate of the converter tube, point 4. 
here the signal should be much stronger than at the r-f grid of this tube. Without changing the adjustments 
of the generator attenuator or the tracer volume control, the probe is applied next to the grid of the i-f amp-
lifier, point 5. Signal strength should be about the same as at point 4. This completes checking the conver-
ter stage. 
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Once more the signal generator output is reduced to bring about the weakest tracer response which is 
clearly recognizable at point 5. Then the probe is moved to the i-f plate, point 6, where a very decided in-
crease of signal strength should be apparent. It is necessary to reduce the signal generator output after 
each stage is tested to avoid possibility of overloading an amplifier and thus causing very misleading in-
dications. 

The tests are continued in the numbered order until arriving at the plate of the power tube or output amp-
lifier, point 11. After checking at point 7, the diode plates of the detector, the receiver volume control 
should be turned rather high, the signal generator output reduced to minimum, and the probe applied to the 
a-f grid, point 8, while signal generator output is increased only enough to cause a recognizable response. 
In case the generator output cannot be attenuated enough to provide a weak indication with the probe at 
the grid, it will be necessary to turn down the receiver volume control. 

The probe is applied next to the plate of the a-f voltage amplifier,point 9, where signal indication should 
be very much stronger than at the a-f grid. This same signal indication, or nearly the same, should be found 
at the power tube grid, point 10. Now, with the probe still at point 10, reduce the receiver volume control 
to make the response just clearly recognizable. Shift the probe to the power tube plate, point 11, where the 
response should be much stronger than at the grid. 

Unless the receiver volume control is adjusted as described, the a-f voltage amplifier and the output amp-
lifier are almost sure to be badly overloaded. It always is essential to keep signal generator output and 
receiver volume control setting below the points at which any of the amplifiers may be overloaded. An over-
loaded amplifier might appear to have no gain at all, or the signal at its plate might actually be weaker 
than one checked at the grid. 

Should there be serious trouble in the r-f stage it might be impossible to obtain signal indications beyond 
the r-f plate, and possibly not even there. ¡n this event the signal generator maybe coupled through a block-
ing capacitor to the r-f signal grid of the converter tube, as shown by Fig. 95-6. The blocking capacitor 
may be of 1,000 mmf or larger. 

The signal generator, still with tone modulation, is now tuned to the intermediate frequency used in the 
receiver. Then the detector probe is applied to the plate of the converter while the signal generator is re-
tuned for maximum response from the tracer amplifier. It is, of course, not necessary to set the receiver 
tuning dial at any particular frequency when feeding the intermediate frequency directly to the converter 
grid. Remaining tests are carried out as previously described. It is essential, as always, to adjust the at-
tenuator of the signal generator and the volume control of the receiver to avoid overloading any of the amp-
lifiers. 

Were a response to be absent even beyond the converter, the signal generator may be coupled through a 
blocking capacitor to the grid of the i-f amplifier, point 5 in the diagrams. The generator must be tuned to 
the intermediate frequency of the receiver. The probe then is applied at all points from the i-f plate, point 
6, through to the plate of the output amplifier. When the signal generator is connected to any point beyond 
the antenna input of a receiver in good condition, there will be less amplification between the generator and 
the point of application of the detector probe than when the generator is coupled to the antenna input. This 
will make it necessary to use somewhat greater output from the signal generator to have comparable signal 
indications. 

F-41 RECEIVERS. At first thought it might seem necessary to use a frequency-modulated test signal for 
tracing in f-t.. sound receivers, but this is not the case. Except that they are designed to operate at higher 
frequencies, the tuner and i-f amplifier circuits of f-m receivers are similar to those in an a-m set. It is not 
nutil we come to the f-m demodulator that there is a material difference. Consequently,if an amplitude-mod-
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Test points used for tracing when the signal generator is coupled to the r-f grid of the con-
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ulated signal of suitable frequency is applied at the antenna of an f-m receiver or a combination fm-am re-
ceiver this signal may be traced just as in a straight a-m set. The tracing can be carried even through the 
f-m demodulator when it is a discriminator type. 

The similarity between high-frequency circuits in f-m and a-m sound receivers becomes apparent upon 
examining the partial diagram for a combination set as shown by Fig. 95-7. To simplify this diagram the 
output of the converter is coupled to the f-m intermediate-frequency amplifier. Actually there would be an 
additional combination fm-am stage with its dual coupling transformer like the transformer shown between 
converter and i-f amplifier in this diagram. 

Even though we were to use a frequency-modulated test signal it could not be demodulated by a diode de-
tector such as used in probes, since the diode is useful only for demodulation of a-m signals. This is true 
also of the triode grid-leak detector used in some probes. It is possible to construct an f-m discriminator 
with two crystal diodes, but probes employing this type of demodulator are not in general use. 

Because of the high frequencies involved when tracing in f-m receivers, the signal generator must not 
have excessive leakage, and any portions of its output leads extending beyond the cable shield must be 
very short. Otherwise the signal fields may be picked up throughout the receiver circuits and carried into 
the amplifier of the tracer regardless of receiver tuning. 

To avoid excessive detuning of f-m receiver circuits at their high operating frequencies, the detector 
probe must have small capacitance and high resistance. A probe constructed as in Fig. 95-8 has shunting 
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Fig. 95-7. Some of the circuits in a combination fm-am receiver. 
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capacitance of only about 6 to 8 mmf. Capacitor C is of 3 rranf. Resistor Ri is 5 megohms, and R2 is 100K 
to 500K ohms. This low-capacitance probe or something similar may be useful for checking narrow-band 
f-m amplifier circuits, if detuning of other probes prevents signal pickup. Because a low-capacitance probe 
greatly lessens the signal pickup it will be necessary to use fairly strong signals from the test generator. 

Signal response on the input side of the f-m demodulator may be checked when using any of the probes 

<I=1  1 I I 
I 1 

I  C XTAL R2 
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I RI r_ir  
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Fig. 95-8. A low-capacitance detector probe which causes only slight detuning of high-frequency circuits. 
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have been shown. The tracing can be continued on the output side of a discriminator provided the 
generator output is kept so low as to prevent limiter action. There will, of course, be no response from an 
element which is grounded on the output or load side. The low-capacitance probe will not be satisfactory 
for tracing in the audio amplifier of an f-m receiver or any other receiver,since its pickup as audio frequen-
cies is very weak. 

VTVM FOR SIGNAL TRACING. A vacuum tube voltmeter equipped with a high-frequency detector probe 
may be used for signal tracing in circuits where signal voltage is strong enough to actuate the meter. As a 
general rule the voltmeter and detector probe,without additional amplification, will not be sensitive enough 
for r-f stage measurements unless the applied signal is strong enough to overload the amplifier tube. The 
VTVM will indicate the sum of all alternating voltages reaching it. This will include not only a desired 
signal voltage, but also hum voltage and noise voltage from tubes and circuit elements. The meter reading 
with no signal from a generator is due to these random voltages. The difference between this minimum and 
a high voltage with the generator in use is the voltage due to the desired signal. 

Measurements which are more satisfactory may be made with the setup of Fig. 95-9. The output of the 
detector probe is fed to a sensitive low-frequency amplifier, such as found in untuned signal tracers. The 
output of the amplifier is applied to the a-c input of the VTVM. Noise voltage must be allowed for when 
interpreting the meter readings, as when using the VTVM alone, but now there will be added noise from the 
amplifier. As a general rule there will be less noise voltage when the receiver and signal generator are 
tuned to the lower carrier frequencies . 

The receiver should be tuned to a carrier frequency at which no broadcast signals are picked up, if this 
is possible. Station signals are indicated by wavering of the VTVM pointer, in step with changes of ampli-
tude in transmitted speech or music. If the gain control of the low-frequency amplifier is set too high the 
meter is likely to indicate pickup of transmitted signals practically everywhere on the receiver tuning dial, 
since there are 100 different carrier allocations between frequencies of 550 and 1550 kilocycles. 

TEST POINTS 
IN RECEIVER 

Fig. 95-9. 

DETECTOR 
PROBE 

lef< 
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A-C GND 

LOW-FREQUENCY AMPLIFIER 

How the output of a detector probe is strengthened by a tracer amplifier for application to ar 
a-c vacuum tube voltmeter. 
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To avoid confusion between generator signal voltages and those due to transmitted signals, a speaker 
normally used with the tracer amplifier may be kept in operation while reading the VTVM. If the modulation 
tone of the generator rises and falls in intensity with rise and fall of the meter pointer, the pointer is fol-
lowing the changes of generator signal response and it will be known that the receiver and generator are 
tuned together. 

When using the VTVMwith a low-frequency amplifier it is important to adjust the generator output to avoid 
overloading of tubes in the tuner and i-f amplifier,and to adjust the receiver volume control to prevent over-
loading of the audio amplifier tubes in the receiver. When these precautions are observed, the VTVM allows 
fairly precise measurements of responses and of the differences between signal strengths at the input and 
output of any amplifier stage. This makes it possible to compute stage gains upon dividing the output volts 
by the input volts. 

R-F OSCILL 4 TORS. No signal or tone modulation will be obtained from any of the elements of an r-f 
oscillator in the tuner section of receivers, unless there is some incidental pickup fr,m the mixer or con-
verter grid. The r-f oscillator is checked by observing its d-c grid voltage or operating bias by means of the 
vacuum tube voltmeter. 

As a general rule an r-f oscillator which is operating correctly will have negative d-c grid voltage of at 
least three or four volts, and often as high as 20 volts. If the grid voltage is zero or nearly zero it may be 
assumed that the oscillator is not operating. Only a d-c VTVM is satisfactory for this check. 

TELEVISION SIGNAL TRACING. The processes of signal tracing in television receivers are best ex-
plained by considering the receivers as consisting of four principal sections. Certain general methods are 
used through the tuner, the video or combination i-f amplifier, video detector, and video amplifier. These 
parts make up our first principal section. The other three sections are the sound and audio portions of the 
receiver, the vertical sync and sweep sections, and the horizontal sync and sweep sections. In these latter 
three sections some special methods are of advantage. 

The first section and the points through which a signal is traced may be represented as in Fig. 95-10. 
The generator is a constant-frequency type operated with tone modulation. The instrument may be a tele-
vision marker generator, if it allows tone modulation, or it may be any service type r-f signal generator that 
will tune to television carrier frequencies. harmonic frequencies usually are satisfactory when the generator 
won't reach the channel frequencies on fundamentals. 

The signal generator output is normally connected to the antenna input terminals of the receiver, either 
with or without a matching pad. When it is necessary, in order to temporarily bypass a faulty stage, the 
generator may be connected to the mixer grid, to the grid of any i-f amplifier, or to the grid of the video amp-
lifier. Grid connections always must be made through a blocking capacitor, as for aligning. 

It is best to work in one of the lower channels of the low television band. As a general rule the responses 
will be satisfactory with the signal generator tuned to any channel frequency between the video and sound 
carriers, although the tuning may be varied within this range to cause best responses after the tracing is 
begun. The generator output always must be kept as low as will allow easily recognizable responses at the 
modulation tone frequency. 

It is not necessary, nor is it desirable, to use a low-capacitance detector probe. General purpose probes 
or those suitable for waveform observation give good results. They do not cause excessive detuning, be-
cause it is possible to operate almost anywhere in the normal frequency response range of three to four 
megacycles. The probe usually will pick up enough of the modulation tone when brought close to but not in 
contact with the test points of the various circuits. 
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Fig. 95-10. Points at which a signal may be traèed through the tuner and video sections of a television 
receiver. 

In following explanations it is assumed that the detector probe is connected to the input of an audio- fre-
quency amplifier which drives a speaker, this being the usual arrangement of signal tracer instruments. The 
amplifier may be connected also to an a-c VTVM, as described for work with broadcast radio receivers. The 
first check, after the signal generator is connected and operating, is to touch the probe tip to the antenna 
terminals while adjusting the attenuator of the generator and the volume control of the tracer amplifier to 
provide a weak response. 

The next tests are made in order at the grid and then the plate of the r-f amplifier, and at the grid and 
then the plate of the mixer. During these tests the signal generator may be retuned to allow the clearest 
sound The responses should become progressively louder or stronger, and signal generator output should 
be reduced after completing the checks on each stage — just as in any signal tracing process. 

The tests are carried on through the i-f amplifiers, to the input and output of the video detector, through 
the video amplifier or amplifiers, and to the signal input element of the picture tube,all as numbered in Fig. 
95-1a Failure of the response at any point indicates trouble between that point and the preceeding one at 
which the modulation tone is clearly heard. 

As mentioned earlier in this lesson, the action of the r-f oscillator in the tuner is checked by measuring 
its grid voltage with a d-c VTVM. The grid will be highly negative if the oscillator is working correctly. 

TRACING IN SOUND SECTION. When the television receiver has a dual sound system rather than an 
intercarrier system the modulated constant-frequency generator may be coupled to the antenna terminals.the 
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Fig. 95-11. Signal tracing through the sound section of a television receiver in which there is dual sound 
and a discriminator. 

mixer grid, or to the grid of an i-f amplifier which precedes the sound takeoff. With coupling to the antenna 
terminals, the generator is tuned to the sound carrier frequency of the channel being used for tests. When 
coupled to the mixer grid or an i-f grid, the generator should be tuned to the sound intermediate frequency 
of the receiver. Signal generator connections are shown at the top of Fig. 95-11. 

As mentioned in connection with signal tracing for f-m sound receivers, the f-m sound system of a tele-
vision receiver will amplify or carry amplitude-modulated signals as far as the frequency demodulator. 
Although the limiter is intended to get rid of amplitude modulation, it does this only when the applied sig-

nal exceeds some minimum strength. If the output of the signal generator is kept low enough, the ampli-
tude-modulation tone will come through a limiter. Then, if the demodulator is a discriminator type, the 

tone signal will appear at both the input and output of the discriminator. 

Check points for a dual sound system are numbered in order on the diagram at the bottom of Fig. 95-11. 
Commencing at the sound takeoff or grid of the first i-f amplifier, tests are made at the plate of this amp-
lifier, at grid and plate of any other i-f amplifiers, at grid and plate of the limiter, and at the input and out-
put of the discriminator. One side of the discriminator output usually is grounded, and no response would 
be obtained there.If the amplitude-modulation tone passes through the discriminator it will continue through 
the audio amplifier system, and checks may be made at grids and plates of audio voltage and power ampli-
fiers with direct connections from test points to amplifier input, omitting the detector probe. 

For checking intercarrier sound systems the modulated constant-frequency signal generator may be con-
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Fig. 95-12. Points at which the signal is traced through an intercarrier sound system. 

nected to the receiver antenna terminals and tuned at or near the sound carrierfrequency of the test channel. 
Otherwise this generator may be connected to the grid of the tube preceeding the sound takeoff, which usu-
ally is a video amplifier. This connection is shown by Fig. 95-12. The generator now is tuned to 4.5 mega-
cycles, which is the sound intermediate for intercarrier systems. 

Check points on a typical intercarrier sound system are numbered in order on the diagram of Fig. 95-12. 
The detector probe must be used at points 1 through 6. Response should be about the same at / and 2, much 
stronger at 3, while at 4 and 5 the strength as indicated by sound should be much the same as at 3. At 6 
the response will be weak when taken through the detector probe, because now we are on the audio output 
side of the demodulator, and the capacitor in the probe has high reactance at audio frequencies such as 
those of the modulation tone. 

Tests through the audio amplifying system are made without the detector probe, by using a probe having 
only a series resistor connected to the input of the low-frequency amplifier in the tracer instrument. These 
checks commence at point 6 and continue through to the plate of the power amplifier. This method of making 
direct connections, without the detector probe, may be used for all audio amplifying systems in all types of 
receivers. 

The sound section may also be checked by using a television sweep generator or any service type f-m 
signal generator as shown by Fig. 95-13. When coupled to the receiver antenna terminals the generator is 
tuned to the sound carrier of the channel being used. At the mixer grid, tuning is to the sound intermediate. 
If the generator is coupled to the grid of a video amplifier preceeding the sound takeoff the generator is 
tuned to 4-5 megacycles for an intercarrier sound system or to the sound intermediate frequency for a dual 
sound system. 
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The audible response during tracing will be a 60-cycle hum or buzz when the sweep rate of the signal 
generator is 60 cycles, as nearly always is the case. Audio amplitude and loudness in any f-m reproducer 
varies with the amount of frequency deviation. Deviation in a sweep generator usually is called sweep 
width, so the loudness of sound response when tracing can be increased by increasing the sweep width, or 
reduced by decreasing the sweep rate. A wide sweep gives a sharper note which is more easily distinguish-
ed from the effects of 60-cycle hum voltages and fields such as radiated by heater circuits. This sharper 
note is, however, more easily confused with the response picked up from vertical sync and sweep circuits 
of the receiver, where sync pulses occur at a 60:cycle rate. The tracer response may be varied also by the 
output attenuator of the signal generator. 

When using a frequency-modulated signal, test points are the same as shown by Fig. 95-12 for an inter-
carrier sound system, or as shown by Fig. 95-11 for a dual sound system. In either sound system the de-
tector probe is used as far as it will pick up the high-frequency signals and demodulate them, with a direct 
connection to the tracer amplifier used beyond this point. 

The 60-cycle note due to frequency deviation may be picked up all the way along an amplifier system 
without the detector probe, using a direct connection to the low-frequency amplifier. This method is not too 
satisfactory because, when the amplifier volume control is turned high enough for satisfactory response 
there is likely to be strong pickup of all 60-cycle and -120-cycle fields which exist in and around a receiver. 
This random pickup willoccur even when the test leads are of shielded cable with the shield well grounded. 

SYNC AND SWEEP SECTIONS. Signal tracing in the sync and sweep sections of television receivers, 
using a speaker or VTVM as response indicator, is not so satisfactory as similar work in the video and 
sound sections. Difficulties are due chiefly to the facts that sync circuits do not treat a signal as do or-
dinary amplifier circuits, and there is such wide variety in sync circuits that indications from one receiver 
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Fig. 95-13. Generator connections when using a sweep frequency or an f-m signal for tracing through tele-
vision sound sections. 
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Fig. 95-14. Connection of an audio-frequency generator, and the check points followed, when tracing through 
a horizontal sync and sweep section. 

maybe quite unlike those from a different set, If you do a great deal of service work on one type of receiver 
it is a good idea to trace throukh circuits known to be operating correctly, and make notes of the responses. 
Failure to obtain generally similar responses from other sets of the same kind will then indicate the loca-
tions of faults. 

One method of tracing through a sync section and a horizontal sweep section is illustrated by Fig. 94-14. 
The circuits shown here are only one of the many combinations which may be found. Since tracer responses 
will truly indicate normal operating conditions only when the test frequency is that for which the circuits 
are designed, it is necessary to have an audio-frequency signal generator. The horizontal line frequency is 
15,750 cycles per second, a frequency which is not audible to one person in a hundred. To have audibility, 
the generator frequency should be made a few hundred cycles either higher or lower than 15,750 cycles. If 
tested circuits are operating, their horizontal line frequency will beat with the generator frequency,and you 
can easily hear the difference or beat frequency when using the detector probe as a mixer for the two fre-
quencies. 

The audio generator is to be coupled through a capacitor of 0 mf or larger to the grid of the tube pre-
ceeding the sync takeoff, which is usually a video amplifier. With the particular circuits of Fig. 95-14 the 
detector probe should pick up the audible beat note at all the points which are numbered in the order of 
checking. If you are not certain that the beat note is heard at any one of the test points, keep the probe at 
this point while slightly varying the operating frequency of the audio generator. If the audible tone pitch 
rises and falls, you are obtaining a correct indication. Should the audio generator be tuned to the same fre-
quency as the sweep oscillator of the receiver there will be zero beat, and no tone can be head. 
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If the sweep section is operating normally, sound bars will appear on the picture tube. The number of 
bars will correspond to the audible beat frequency. These bars will disappear, and leave only the raster, 
when there is zero beat between the sweep oscillator and the audio generator frequencies. 

For tracing in the vertical sync and sweep sections no signal generator is needed, since 60-cycle buzz 
due to vertical sync pulses will be present and clearly audible from circuits which are operating normally. 
A detector probe may be used, but equivalent responses will be obtained with a direct connection to the 
tracer amplifier. The response should be a buzz due to the square waveform of the pulses and to sharp volt-
age pips. The response should not be a soft hum. 

Check points in a fa;rly typical vertical sync and sweep section are numbered in order on the diagram of 
Fig. 95-15. The response should be followed through the integrating filter, points 5 to 8. Usually there will 
be some 60-cycle hum from the tracer amplifier. This hum will beat with the sync and sweep response to 
cause wavering variations of response volume. The rate at which the response thus varies may be changed 
by adjustment of the vertical hold control of the receiver. 

SOUND BARS FOR SIGNAL TRACING. Signal tracing between the television picture tube and the an-
tenna input may be carried out by utilizing the appearance or lack of appearance of sound bars on the pic-
ture tube as the response indication. The principles of this method are illustrated by Fig. 95-16 Since the 
response indicator (the picture tube) cannot shift around like a detector probe it is necessary to shift the 
connection of the signal source, which usually is some type of signal generator. Test points then will com-
mence as near as possible to the picture tube and will end with the signal source at the antenna input as 
shown by the numbering on the diagram. 

Sound bars will appear so long as tubes and circuit components between the picture tube and the point of 
signal application are in working order. The bars will disappear or undergo decided changes of appearance 
as soon as a fault has been passed, because this fault will then be in the path of the signal between the 
source and the picture tube. 

For checking the video amplifier and video detector stages the signal source is preferably an audio-fre-
quency signal generator operating at 60 cycles or any higher audio frequency. The audio signal is applied 
to the grids of video amplifiers and then to the input side of the video detector, points /, 2 and 3 on the 
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10 
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Fig. 95-15. Check points which are followed when tracing through a vertical sync and sweep section. 
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Fig. 95-16. Frequencies applied at various points, and their order, when signal tracing with picture tube 
sound bars as the indication. 

diagram, with a blocking capacitor in series. The lower the test frequency the greater must be this capaci-
tance. About 0.25 mf is satisfactory at 60 cycles, dropping to around 0.01 mf for 600 to 1,000 cycles. 

For checking the i-f amplifier stages and the mixer output circuits, points 4 to 7, the signal source should 
be a constant-frequency generator tuned within the frequency response range of the i-f amplifiers of the par-
ticular receiver being tested. That is, with a video intermediate frequency of 25.75 mc and sound interme-
diate of 21.25 mc, the generator might be tuned to whatever frequency between 22 and 25 mc allows the most 
distinct bars on the picture tube. The generator must be operated with tone modulation. Coupling to the tube 
grids is through a capacitor of about 1,000 nunf. 

For checking the tuner circuits, points 8 and 9, the tone-modulated constant- frequency signal generator 
should be tuned to any frequency in the higher portions of the carrier response or the channel frequencies 
of the channel being used. The receiver must, of course, be tuned for the same channel as the generator. 
The generator signal output may be quite low for tests at points 9 back to 7, but will have to be progres-
sively stronger for points 6 back to 4. 

The number of sound bars on the picture tube will correspond to the operating frequency of the audio 
generator or to the modulation frequency of the constant-frequency r-f generator. The bars may be held sta-
tionary, if desired, by altering the modulation frequency or the audio frequency, or by adjusting the vertical 
hold control of the receiver. 

Tests may be made at points 1, 2, and possibly at 3 with a 60-cycle frequency taken from any tube heater 
circuit through a capacitor of about 0.25 mf. A test frequency at 120 cycles may be obtained from the output 
side of a full-wave power rectifier of from the input to the power filter. In this case it is necessary to use 
a series capacitor rated for at least 600 volts, and to use also a series resistor to drop the high voltage 
which appears at the rectifier or filter output. A series combination of about 0.05 mf and 50K to 100K ohms 
usually will provide enough signal, with voltage low enough at the test points to be safe. 
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LESSON NO. 96 

TROUBLE SHOOTING 

WITH THE OSCILLOSCOPE 

An oscilloscope makes a very satisfactory indicator in various processes of signal tracing. One of the 
methods commonly employed is illustrated by Fig. 96-1. The signal source is a tone-modulated r-f gener-
ator. The output of the generator may be connected to the antenna terminals of the receiver, and tuned 
anywhere in the range of strong carrier-frequency response for the channel in which tests are to be made. 

If the tuner circuits are not to be traced, the signal generator may be coupled through a small capacitor 
to the grid of the mixer, and tuned in the range of i-f response of the particular receiver being checked. It 
is possible also to couple the signal generator output through a capacitor to the grid of any i-f amplifier 
tube, with tuning still in the stronger portion of the i-f response. This latter connection is used when 
serious trouble exists between antenna input and any i-f stage, which would prevent a signal introduced at 
the antenna or mixer from coming through all of the i-f amplifiers. 

The vertical input of the oscilloscope may be connected to the signal input of the picture tube, to-the 
plate of any video amplifier, or to the load of the video detector. No detector probe is needed, because the 
oscilloscope always is connected after the regular video detector in the receiver. 

The internal sweep of the scope is set for the modulation frequency of the signal generator, or to some 
simple fraction of the modulation frequency. Then the scope will display one or more sine waves or ap-
proximate sine waves of the modulation when all circuits between the points of generator and scope con-

nections are operating. 

Usually it is convenient to commence tracing with the scope connected to the video detector load, and 
the signal generator to the grid of the last i-f amplifier. Then the generator connection is moved back, 
stage by stage, until it is at the antenna. Should the sine-wave trace on the scope disappear or become 
noticeably defective when the generator connection is shifted to some one point, trouble is indicated be-
tween that point and the last one at which the trace was satisfactory. 

With the signal generator connected at the antenna terminals, and no trouble yet apparent, the scope 
connection may be shifted, stage by stage, through the video amplifier until reaching the picture tube input. 
This will check from the video detector to the picture tube, with trouble indicated between any point of un-
satisfactory trace and the last point at which there is a good trace. 
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Fig. 96-1. Tracing a tone-modulation signal with the oscilloscope connected beyond the video detector. 

A different method of sign.11 tracing with the oscilloscope is illustrated by Fig. 96-2. The modulated r-f 
signal generator is coupled to the antenna terminals and tuned to a channel frequency, or is coupled to the 
mixer grid and tuned to the intermediate-frequency range of the receiver being tested — just as with the 
method first described. 

To the vertical input of the oscilloscope is attached almost any type of detector probe except one 
having small capacitance and low sensitivity. The internal sweep of the scope is adjusted for display of 
one or more waves at the modulation frequency being used in the signal generator. The detector probe then 
is applied successively at the input for the video detector, to the plate of each preceding i-f amplifier, and 
finally to the plate of the mixer. Trouble is indicated between the first point at which there is a defective 
trace or no trace, and the last point showing a satisfactory trace. The probe may be applied to the grids of 
the i-f amplifiers, but the detuning effect probably will be too great to allow satisfactory indications 

When tracing a signal with the oscilloscope and a generator it is advisable to keep the generator output 
just as low as yields a satisfactory or readable trace with the vertical gain of the scope turned high. It is 
just as necessary to avoid overloading any of the tubes with this method of tracing as when using any 

other kind of response indicator. 

It is possible for amplifier stages to successfully handle a high-frequency generator signal with sine 
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Fig. 96-2. Tracing of tone modulation with a detector probe on the oscilloscope. 

(.9 wave modulation at an audio frequency, yet fail in some manner to handle the highly complex television 
signals wherein the modulation frequencies extend from 60 cycles to three or four megacycles. This is 
especially true in the video detector and video amplifier stages. It is also true that tracing a sine wave 
through sync and sweep sections is by no means a proof that these portions of the receiver are operating 
correctly. Here it is the waveform of the signal, and to some extent the peak-to-peak voltages,that are all-
important. The square waves and voltage pips of sync pulses may become badly distorted even though 
some other kind of signal will pass through the circuits. 

Tracing in the sync and sweep sections, with a vacuum tube voltmeter, indicates only average gain or 
lack of it. The meter, unless of some special type, will not read peak-to-peak voltages, and its indications 
have no particular relations to waveforms. 

W4VEFOR,11 TRACING. By far the most positive method of signal tracing in television receivers is one 

utilizing an oscilloscope to display signal waveforms picked off at various points between antenna input 
and picture tube. 

Some principles of waveform tracing are shown by Fig. 96-3. The signal input is any regularly trans-
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Fig. 96-3. Tracing a television signal with the oscilloscope as indicator. 

mated television signal which is received through the antenna and carried to the tuner. Signals in the 
lower channels usually give strongest responses, although this depends on the locality and its reception 

conditions. 

For tracing through the tuner and i-f amplifier as far as the input to the video detector the vertical input 
of the scope must be fitted with a detector probe. This probe is preferably of a type well suited to wave-
form demodulation. Such types are discussed in lessons which deal specifically with detector probes. 

0 e'à For tracing between the output or load of the video detector and the picture signal input to the picture 
tube no probe is needed, since the video detector takes care of demodulating the signals. Usually it is 
necessary to use some kind of capacitor bypass across the scope input to prevent fuzzy traces should the 
scope have high gain at high frequencies. Such filtering is explained in lessons dealing with oscillo-

scopes. 

If the oscilloscope does not have a frequency-compensating input attenuator, the tracing through sync 
and sweep sections may be carried out with no probe on the vertical input of the scope. Waveforms will be 
somewhat distorted, particularly in rounding of the corners on square-wave pulses and in making these 
pulses appear as tapering peaks rather than of square-wave form. The sync and sweep waveforms still 
should be recognizable to an extent which allows identifying the more serious kinds of troubles. 
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If the oscilloscope contains a frequency-compensating input attenuator it is well worth while to use a 
frequency-compensating probe on the vertical input when tracing through sync and sweep sections. Cir-
cuits used in such probes are shown by Fig. 96-4. The essential parts consist of resistor RI., usually of a 
value between 1 and 10 to 20 megohms, which is shunted by capacitor C2 of some value between 2 and 8 
nunf. The required value of C2 depends on the oscilloscope with which the probe is used, so this unit may 
be a miniature adjustable ceramic type. 

Capacitor Cl seldom is used, but when included its value should be less than 0.1 mf. This blocking 
capacitor has no effect on performance of the probe. Filter resistor R2 is not often included. If used, it 
may be of 50K to 200K ohms. It is important that the shielded cable have low capacitance and low energy 
loss. Coaxial cables such as used for transmission lines are satisfactory. The cable should be no longer 
than necessary, in order to reduce its capacitance. 

A compensating probe does not greatly alter the input resistance of the probe and scope, but it greatly 
reduces the input capacitance. This results in a large reduction of input impedance and great improvement 
of waveform reproduction. The vertical sensitivity of the scope and probe usually is between 1/10 and 
1/15 that of the scope without the compensating probe. This makes it necessary that the scope have high 
vertical sensitivity if waveform amplitudes are to be high enough for satisfactory observation. 

The easiest way to adjust the capacitance at C2 is to apply the probe, on the vertical input of the 
scope, to the video detector load resistance while receiving any regularly transmitted television signal. 
Assuming that the receiver circuits are in good order and correctly aligned, capacitor C2 then may be ad-
justed to obtain traces in which sync pulses have the most nearly vertical leading and trailing edges, and 
the flattest tops. Another way is to use the compensating probe on a square-wave generator of known 
waveform while adjusting C2 for best possible waveform in the scope trace. When correct capacitance has 
been determined, the adjustable capacitor may be replaced with a fixed type varying by no more than 5 per 
cent. Such small capacitances can be measured by substitution in a tuned resonant circuit. 

The oscilloscope may be used to best advantage for trouble shooting by making the first checks at the 
outputs and inputs of large sections of the receiver, rather than going through every separate stage and cir-
cuit. As an example, the first check might be at the signal input to the picture tube and the next one at 

R 1 

C2 R 2 17- 

SHIELD 

SHIELDED 
(COAXIAL) 
CABLE 

Fig. 96-4. A frequency-compensating probe for waveform tracing in sync and sweep sections. 
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the video detector load. If there is a signal at the detector and none at the picture tube, it is in order to 
check through the video amplifier in detail, but if there is no signal at the detector load, the third test may 

be at the plate of the first i-f amplifier. If there is no signal present, the trouble would be in either the 
first i-f amplifier or the tuner. If a signal is present, the probe must then be touched to each i4 amplifier 
stage going toward the detector. 

When carrying out a series of tests while employing a transmitted signal, do not change channels if it 
can be avoided. Do not alter the receiver contrast control, but regulate trace heights by the vertical gain 
control of the scope. Do not alter the setting of the fine tuning control during the tests. If a picture ap-
pears, and can be synchronized by adjusting the receiver hold controls, the traces will be clearer and 
sharper if synchronization can be maintained by occasional readjustment of the receiver hold controls. 

A transmitted signal is needed for all tests between tuner and picture signal input to the picture tube, 

also for tests through the sync section and as far as the inputs to vertical and horizontal sweep oscilla-
tors. This will include any automatic frequency control circuit for the horizontal sweep. A transmitted 
signal is not necessary when checking between the grids of the sweep oscillators and the sweep ampli-
fiers, since the oscillators generate their own free-running frequencies without a signal. When working 
without a received signal in these latter sections, adding a signal (as by tuning the channel selector) will 

change the oscillator frequencies and require readjustment of the internal sweep frequency in the scope. 
The oscillator frequencies should be somewhat higher or faster with the signal than without it. 

If IV EFORII 4N4L)/S/S. It is especially desirable to observe signal waveforms in the sync and sweep 
sections of the television receiver. Here it is that the original composite signal, as it should appear at the 
output of the video amplifiers, undergoes separation of the sync pulses from picture signals, also clipping 
and limiting as well as changes into voltage pips and stepped pulses before reaching the sweep oscilla-
tors. Then we find sawtooth voltage and current waves and modifications of these waves between the os-
cillators and the deflection elements at the picture tube. 

Receiver manufacturers often show typical waveforms in their instruction or service manuals, thus en-
abling the technician to make comparisons with waveforms actually obtained from receivers subject to 
various troubles in deflection. We shall examine waveforms existing in the sync and sweep circuits shown 
by Fig. 96-5. 

Photographs were made from an oscilloscope having flat frequency response to 500 kilocycles. The 
vertical input is frequency compensated, and a frequency compensated probe was used. This particular 
probe reduced the vertical sensitivity from about 0.03 volt per inch to about 0.18 volt per inch, maximum. 
As explained in lessons dealing with oscilloscopes, photographs showing two vertical pulses are made 
with a sweep frequency of 30 cycles per second, which is half the field frequency, and those showing one 
vertical pulse are made with a 60- cycle sweep, which is the field frequency. Pictures showing two hori-

zontal pulses are made with a sweep of 7,875 cycles, which is half the horizontal line frequency. To show 
a single horizontal pulse the sweep rate would be at line frequency, which is 15,750 cycles per second. 

Referring to Fig. 96-5, note that the composite signal from the plate circuit of a video amplifier is ap-
plied to the cathode of a sync separator tube. The separated sync pulses are taken from the plate of the 
sync separator tube; then the signal goes through an inverter, from whose cathode it goes through an inte-

grating filter to the first grid of a multivibrator type vertical oscillator. The signal goes from this oscil-
lator to the vertical output amplifier, and through a transformer to the vertical coils in the deflecting yoke. 
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[ FROM VIDEO AMP. 

VERT. 

Fig. 96-5. Circuit diagram of the sync and sweep sections of a receiver for which waveforms are shown by 
following photographs. 

Going back to the output of the sync inverter tube, you will see that signals of opposite polarity are 
taken from the plate and cathode, and are applied to a plate and cathode of the horizontal afc tube. To the 
other plate and cathode of this control tube come pulses at the actual horizontal line frequency, as taken 
from the horizontal deflecting yoke and the output of the horizontal sweep amplifier. Frequency control 
voltages go to the first grid of the horizontal multivibrator sweep oscillator, and from the output of this os-
cillator a sawtooth is fed to the grid of the horizontal output amplifier. 

At the left in Fig. 6 is shown the composite television signal which comes from the video amplifier into 
the restorer cathode, as this signal appears with the scope sweep at 30 cycles per second to display two 
fields and two vertical sync pulses. At the right is shown the same signal with the scope sweep at 7,875 
cycles, to display two horizontal sync pulses. Note that picture signals are positive, and sync pulses are 
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Fig. 96-6. The composite television signal from the video amplifier, as it appears at the restorer cathode. 
Vertical at left, horizontal at right. 

negative. It is customary to show vertical and horizontal signals or pulses together when both are taken 
from the same point with only a change of scope sweep frequency, and with the probe remaining connected 

to the same place for both waveforms. For convenience in following these explanations the test points on 
die circuit diagram of Fig. 95-5 are numbered to correspond with the figures which show the trace or traces 

obtained at each point. 

Pre go next to the plate of the restorer tube, point 7 on the diagram, whose signal waveform with vertical 
timing is shown at the left in Fig. 96-7, and with horizontal timing at the right. Note that the signal has 
been almost completely stripped of the picture elements to leave practically nothing more than the vertical 

Id horizontal sync pulses. The pulse polarity still is negative, because there is no inversion between 

.-hode and plate of the restorer tube. 

The next check point is at the grid of the sync inverter. The vertical and horizontal waveforms obtained 
here are shown respectively at the left and right in Fig. 96-7. This one figure shows the waveforms at 

Fig. 96-7. %‘ aveforms at the plate of the restorer tube. Vertical at left, horizontal at right. The same 
waveforms appear at the inverter grid. 

A 
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Fig. 96-8. Voltage waveforms at the inverter cathode. Vertical at left, horizontal at right. 

both the plate of the restorer and at the grid of the inverter, because there is nothing between these two 
places except a coupling and blocking capacitor. Such a capacitor should cause no change of a waveform. 

Now we move the probe to point 8 the cathode of the inverter, and pick up the vertical waveform pic-
tured at the left in Fig. 96-8, and the horizontal waveform shown at the right. Pulse polarity still is nega-
tive, for polarity at the cathode of a triode is the same as at the grid. Upon comparing Figs. 7 and 8 it be-
comes apparent that there is no material change of waveform between the plate of the restorer and the 

cathode of the inverter, which is as it should be. 

At the left in Fig. 96-9 is the vertical waveform picked up at the plate of the inverter, point 9 on the 
diagram, and at the right is the horizontal waveform from this same point. Still there is no material wave-
form change, but the polarity is inverted with respect to polarities at the grid and cathode of the same 

tube. 

Fig. 96-9. Positive pulses at the inverter plate. Vertical at left, horizontal at right. 
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Fig. 96-11. This is the pulse at the plate of the 
first section of the vertical oscillator. 

While proceeding through the sync section of this receiver from test point 6 to points 8 and 9 we have 
been interested in both vertical and horizontal waveforms, which pass together through this portion of the 
receiver circuits. Now we come to where the vertical and horizontal pulses are separated. Vertical pulses 
go through the integrating filter to the vertical oscillator, while horizontal pulses go to the automatic fre-
quency control system for the horizontal oscillator. 

We shall follow first through the vertical sweep section, and later come back to the horizontal sweep 
circuits. Fig. 96-10 shows the waveform picked up at the triggering grid, point 10, of the vertical oscilla-
'or after a group of serrated vertical sync pulses have come through the integrating filter and have been 
mbined into a single pulse for triggering the oscillator. The effect of the original separate serrated 
.ilses is evident in the broken appearance of the triggering pulse on the leading side. On the trailing side 

Fig. 96-12. Positive pulses from the first plate of the vertical oscillator cause this waveform at the grid 
of the second section. 
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is the sharp drop of voltage during the equalizing pulses which follow the serrated pulses in the television 
signal. Peak-to-peak voltage of the triggering waveform in Fig. 96-10 was measured as only about 0.3 
volt, which is sufficient to control the multivibrator type of oscillator. 

We proceed next to the plate of the first section of the vertical oscillator, for which the waveform is 
shown by Fig. 11. This is a very strong pulse; it measured about 60 peak-to-peak volts. The great differ-
ence between peak-to-peak voltages at grid and plate, points  10 and 11, does not mean that this section of 
the tube is amplifying the grid voltage something like 200 times, it means only that the strong plate volt-
age developed by the oscillator section is controlled, in time, by the weak voltage pulse at the grid. Note 
that the pulse at point 11 is of positive polarity. It will be used on the grid of the second section of the 
oscillator to make that second section conductive, and thus to allow discharge of the sawtooth capacitor. 

What happens at the grid of the second section of the vertical oscillator is shown by Fig. 96-12. There 
is a gradual rise of voltage which ends on the sharp positive peak which is due to the positive pulse 
coming to the grid from the plate of the first oscillator section. That is, the positive pulse of Fig. 96-11 
appears in Fig. 96-12 as the narrow peak at the termination of the gradual rise of grid voltage. The pulse 
comes through the coupling and blocking capacitor connected between points 11 and 12 yet the waveforms 
on opposite sides of this capacitor are very different. This is a case where we have different waveforms 
on the two sides of a coupling capacitor, but the difference is due to voltages added on the grid side of the 
oscillator circuit. 

Fig. 96-13 shows the voltage pulse at the two cathodes of the vertical oscillator, point 13 in the circuit 
diagram. The cathode circuit, which is common to both sections of the oscillator, allows coupling be-
tween these sections. It is the voltage pulse at the cathode of the first section of the oscillator that ac-
counts for the strong voltage peak at the plate, which was shown by Fig. 96-11. We really have what 
amounts to cathode input of a signal pulse for the first section of the oscillator, with the grid of this sec-

tion acting only to control the timing. 

The final output of the vertical oscillator, from its second plate at point It, is shown by Fig. 96-11. 

Fig. 96-13. This voltage wave, at the cathodes of the vertical oscillator, shows the feedback pulse 
between the two sections. 
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Fig. 96-14. The voltage output of the vertical oscillator, and voltage input at the grid of the vertical 
output amplifier. 

Compare this waveform with the one of Fig. 96-12, which exists at the second grid. There has been in-
version of polarity, as would be expected. There has also been a decided straightening of the line show-
ing a gradual rise of voltage. This means that we have come much closer to a linear or well-formed saw-
tooth voltage at the output plate of the oscillator. The voltage wave of Fig. 96-14 is the voltage on saw-
tooth capacitor Cs of Fig. 96-5 as well as the voltage on the output plate of the vertical oscillator. The 
negative peaks added to the sawtooth wave are the result of time constant effects in the capacitor circuit. 
All this should remind you of many things *hich were studied in earlier lessons. 

The voltage wave at the sawtooth capacitor and at the output plate of the oscillator is applied through 
a coupling and blocking capacitor to the grid of the vertical output amplifier, which is marked 14 on the 
diagram. The voltage at this grid is of the same form as at the output plate of the vertical oscillator, and 
may be represented by Fig. 96-14. 

Our final check point in the vertical sweep section is at the plate of the vertical output amplifier, point 
15 on the diagram of Fig. 96-5. Here the waveform is as pictured in Fig. 96-15. Compared with the wave-
form at the grid there has been inversion of polarity, but very little change otherwise. There appears to be 
somewhat more peaking. This is because we are now into a circuit containing a great deal of inductance 
and inductive reactance in the transformer which couples the output amplifier to the vertical deflecting 
coils in the yoke of the picture tube. You will recall that in an inductive circuit the voltage wave tends to 
lose much of its sawtooth slope and to become mole nearly a series of brief peaks. In the particular case 
being examined here we have inductance from the output transformer and plate resistance in the amplifier 
tube, consequently obtain a waveform in which a sawtooth is combined with voltage peaks. 

When making tests, the results of which are being shown by waveforms, peak-to-peak voltage at the grid 
of the vertical output amplifier, point 14 measured about 43 volts. Measurement at the amplifier plate, 
point 15, showed about 370 peak-to-peak volts. Methods of measuring peak-to-peak voltages are explained 
in the lesson which describes tests with the oscilloscope. If the vertical gain controls of the scope are 
operated to make all traces of about the same height, the changes of the gain control which are required 
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Fig. 96-15. The waveform at the plate of the vertical output amplifier. 

when going from one test point to another will give you a fair idea of relative voltages. When you know 
that there should be an increase or decrease of peak-to-peak voltage between two points, and the required 
change of gain controls indicates otherwise, there usually is trouble between those two points. 

TRACING IN THE HORIZONTAL SWEEP SECTION. To trace the progress of sync and sawtooth wave-
forms through the horizontal sweep section we must go back to the inverter tube of Fig. 96-5. From the 
cathode of this tube, points , sync pulses are taken to one of the cathodes in the control tube for the hori-
zontal sweep, point 16 and there appear as shown by Fig. 96-16. Compare this waveform with the one at 
the left in Fig. 96-8, which is taken at the inverter cathode. There is quite a difference between the two, 
because at the afc tube the voltage wave is being affected by other factors. 

Fig. 96-16. This waveform appears at the signal cathode of the horizontal afc tube. 

A 
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Fig, 96-17. This is the waveform at the signal plate of the horizontal afc tube. 

From the plate of the inverter, at 9, a sync pulse is taken to one of the plates of the afc tube, at  17. 
The waveform at point 17 is shown by Fig. 96-17. You should compare this afc waveform with the one at 
the plate of the inverter, which is shown at the right in Fig. 96-9. Again there is considerable difference 
between the waveforms, because additional factors are present at the control tube. 

The remaining plate and cathode of the afc tube are tied together at point 18. This point connects 
through a series capacitor and resistor to one of the horizontal deflecting coils in the yoke, and through 
one more capacitor back to the plate of the horizontal sweep amplifier or output amplifier. The voltage at 
the output amplifier plate and at the yoke coil consists of a series of narrow, sharp peaks. This is the 
kind of voltage wave which accompanies a sawtooth current wave in the deflecting coils. The capacitor 

Fig. 96-18. The voltage wave which is obtained from the output of the horizontal sweep section and 
applied to the feedback plate and cathode of the horizontal afc tube. 
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Fig. 96-19. This is the waveform at the grid of the first section of the horizontal multivibrator oscillator. 

and resistor between the yoke coil connection and point L8 change the voltage wave to a sawtooth form. 
This sawtooth voltage which is applied to the afc tube is pictured by Fig. 96-18. 

Sync pulses coming from the inverter combine in the afc tube with the sawtooth voltage obtained from 
the horizontal output amplifier. Timing of the pulses depends on the received television signal, while 
timing of the sawtooth voltage depends on the frequency at which the sweep system of the receiver actually 
is operating. The result is a frequency-correcting DC voltage, delivered to the first grid or triggering grid 
of the horizontal oscillator at point 19. This voltage, as observed for correction conditions at one certain 
time, is shown by Fig. 96-19. This, remember, is the voltage which controls the timing or the operating 
frequency of the horizontal oscillator, and which keeps pulling the oscillator frequency into synchroniza-
tion with the received horizontal sync pulses. 

The cathodes of the two sections of the horizontal oscillator are tied together and connected through a 
resistor to ground. This resistor provides coupling between the two sections. The voltage wave observed 
at the oscillator cathodes is shown by Fig. 96-20. It is of about 14 peak-to-peak volts. At the plate of the 
first oscillator section, point 21 appears a very similar waveform which is shown by Fig. 96-21. The volt-
age at this plate is about 42, peak-to-peak. 

Voltage from the plate of the first oscillator section goes to the grid of the second section through a 

Fig. 96-20. This voltage wave, at the cathodes of the horizontal multivibrator, is the feedback between 
sections. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 96 — Page 16 

Fig. 96-21. Waveform at the plate of the first section of the horizontal multivibrator and at the grid of the 

second section. 

coupling and blocking capacitor, and appears at the grid, also numbered 21 on the diagram, in the same 
form as at the plate and of practically the same peak-to-peak voltage. Probably you have noticed that 
action in the horizontal multivibrator oscillator is not quite like that in the vertical multivibrator oscilla-
tor. This is because the horizontal oscillator is a straight cathode-coupled type, with coupling through 
only a resistor between cathodes and ground, while there is a modified form of cathode coupling on the 

vertical oscillator. 

At the output plate of the horizontal oscillator, point 22 we find the voltage waveform shown by Fig. 
96-22. There has been inversion of polarity between the grid and plate of the output section. Peak-to-

Fig. 96-22. This waveform appears at the output plate of the horizontal multivibrator, also at the grid of 
the horizontal output amplifier. 
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Fig. 96-93. The voltage waveform at the cathode of the horizontal output amplifier. 

peak voltage at the output plate is about 95, as compared with about 42 peak-to-peak volts at the grid of 
this section. This same voltage waveform appears on the connection to the sawtooth capacitor, Cs and at 
the grid of the horizontal output amplifier. This grid is numbered 22, and the waveform is shown by Fig. 

96-22. 

The waveform observed at the cathode of the horizontal output amplifier, point 23, is shown by Fig. 
96-23. This is also the voltage wave which would be picked up at one end of the horizontal deflecting 
coils in the yoke, to which there is a direct connection from the amplifier cathode. The receiver whose 
sweep circuits have been shown operates with an r-f type high-voltage power supply rather than the more 
common flyback power supply. This accounts for the direct connection of the horizontal output amplifier 
to the deflecting coils, instead of having a horizontal output transformer. 

(!)We are not showing the voltage waveform at the plate of the horizontal output amplifier, because you 
should not attempt such an observation without a high-voltage capacitor-type divider on the oscilloscope. 
Peak-to-peak voltage at the horizontal output amplifier plate of the receiver examined measured about 
1,940 volts, which is far too strong a pulse to put into the oscilloscope. The waveform consisted of nar-
row, sharp positive peaks, with the voltage almost flat between successive peaks. At the plate of the hori-
zontal oscillator operating with a flyback high-voltage power supply the peak-to-peak voltage often is on 
the order of 5,000 to 6,000 volts. 

In the receiver with which we have been working it is safe to observe the wavefonn at the plate of the 
vertical output amplifier, because at this point (n) we have only about 370 peak- to-peak volts. In other 
receivers, especially when the picture tube is of the short-neck wide-angle variety, the peak-to-peak volt-
age at the vertical output plate is likely to be between 1,500 and 2,000 volts. This could be ruinous when 
applied to the vertical input of any ordinary oscilloscope. 

It is unwise to attempt measuring voltages at the plates of sweep output amplifiers with a VTV111 or with 
any other type of meter not fitted with some high-voltage type of divider. Voltage pulses may be so narrow 
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Fig. 96-24. An automatic frequency control system in which a triode varies the grid voltage of a blocking 
oscillator. 

or brief as to have very little average or effective value, and they may hardly move the pointer of the meter. 
Yet the peak voltages easily may burn out the instrument by puncturing the insulation. 

OTHER WAVEFORMS. We have traced through the sync and sweep circuits of one particular receiver, 
and have observed the waveforms at every point of importance. In a different receiver, employing different 
kinds of circuits and controls, the waveforms at many points might be quite unlike the ones illustrated in 

this lesson. It is a great convenience to have available a set of normal waveforms for the receiver with 
which you are working. Such waveforms, at least for the sync and sweep sections, are photographically 
reproduced in many service manuals put out by set manufacturers, or are drawn on the service diagrams 
near the points from which the traces are obtained. 

It is, however, not at all essential to have reference to normal waveforms in order to do effective trouble 
shooting with the oscilloscope. With your present knowledge of television circuits and their behavior it is 

quite easy to recognize any waveforms which are decidedly wrong in any type of sync system. This is be-
cause the input should show a practically complete composite television signal, and the output, or outputs 
to sweep sections, should consist of pulses suitable for triggering a vertical oscillator and for application 
to afc systems for horizontal oscillators. 

Most receivers have either multivibrator or blocking type sweep oscillators. Waveforms for typical 
multivibrator oscillators have been shown in this lesson, also in lessons devoted especially to this type 
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Fig. 96-25. Typical waveforms for the afc system of Fig. 96-24. Letters on the waveforms appear on the 
circuit diagram at the points of observation. 

of oscillator. Waveforms which should appear at blocking oscillators are shown and discussed in lessons 
dealing with blocking oscillators. 

Between the sweep oscillators and the output amplifiers we must find sawtooth waves. Although these 
waves may carry various added peaks and other characteristics, the essential sawtooth form is easily rec-

ognized, and its absence is easily noted. 

It is in the automatic frequency control systems for horizontal sweep oscillators, and sometimes for 
vertical sweep oscillators, in which we are likely to find the greatest diversity of waveforms. But even 
here you need not be at a loss provided you remember that all these afc systems act to combine received 
sync pulses with some voltage at the actual operating frequency of the sweep system, and from the combi-
nation they produce a correction voltage which is applied to the oscillator. Waveforms that should be found 
in most of the commonly employed afc systems are shown in lessons on automatic control of sweep fre-

quency. 

A 
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Each afc system has characteristic waveforms which you will soon learn to look for and to recognize, 
even when there are minor differences due to variations of parts values and layouts. As an example, many 
afc systems employ a triode control tube in whose cathode circuit a filter controls the voltage on the oscil-
lator grid, and thus controls the oscillator frequency. One way of using this general type of control is 
shown by Fig. 96-24.. Characteristic waveforms are shown by Fig. 96-25. The waveform at A or some-
thing very similar, should appear at the grid of the control tube. The waveform at B is taken from the grid 
of the oscillator, and is typical of waveforms at the grids of all blocking oscillators. At C is the waveform 
at the oscillator output, taken from between the plate coil and the grid feedback coil. The waveform at the 
grid of the following sweep amplifier is shown at D. The shape of this latter wave depends to some extent 
on whether or not there is a filter between the oscillator transformer and the amplifier grid, but there is not 
so much variation that you cannot recognize any serious fault. 
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LESSON NO. 97 

TUBE TESTING AND SUBSTITUTION 

Tubes are one of the few parts in television and radio receivers which have only a limited life even 
when not subjected to abuse. As a consequence we find that tube failures of one kind or another are the 
cause for more service calls than failures in all other components combined. A burned out tube is easily 

located, because it remains relatively cool after a set has been turned on for five or ten minutes, while 
tubes with live heaters become too hot to touch with comfort. If a burned out tube has a glass envelope it 
may be possible to see that the heater is not glowing, and thus locate the burned out unit. 

It is the tubes which are not burned out, but are otherwise faulty, which cause the real difficulties in 
servicing. When tests described in preceding lessons have indicated that trouble probably is in some cer-
tain section of the receiver, and when there remains some doubt as to exactly where the fault may lie, it is 
good practice to commence by temporarily replacing the tubes in that section before making other checks. 

Always there is the possibility that more than one tube may be defective. For this reason it is de-
sirable to replace all the tubes in a section at the same time, rather than one by one. Then the new tubes 
can be taken out one at a time, and the original ones put back, until this brings back the trouble or until all 
the original tubes are back in place with the trouble uncorrected. Obviously, if putting back some certain 
original tube brings back the trouble, that tube is defective. 

A tube which causes trouble in one receiver often will operate satisfactorily in another receiver of dif-

ferent type. It is true also that a tube which gives trouble in one position may be satisfactory at some 
other position in the same receiver. For instance, a tube causing trouble in the i-f amplifier may work well 
in the sync section. Such switching of positions usually works out only when the change is from a high-
frequency to a low- frequency circuit, for the tube defect is quite likely to be one involving interelectrode 
capacitances or lack of transconductance. 

When trying new or substitute tubes in the high- frequency circuits of tuners, or in video amplifiers or 
sound i-f amplifiers, you must remember that tube capacitance helps tune the circuits to resonance or helps 
in peaking the response. Any new tube probably will have internal capacitances slightly different from 
those in the original tube, even when both are of the same type. Then the substitution will alter the cir-
cuit tuning and performance may be worse than before. After retuning or aligning the grid circuit and pos-
sibly the plate circuit too, the new tube may bring about a great improvement. When putting a different tube 

in a tuned circuit you may align that circuit to obtain the best possible performance. 
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Fig. 97-1. The interior of a tube tester contains many control switches and much intricate wiring. 

It is unfortunate that service types of tube testers do not always show a tube as faulty even though the 

tube fails to perform satisfactorily in a television receiver. The tester may read good or satisfactory on 
some tubes which give trouble in critical circuits. Therefore, even when all tubes from a section or from 
the entire receiver give a good reading, one or more of them may be the cause for trouble. It is true, how-

ever, that when a tester shows a tube as bad you may be almost certain that the tube should be replaced. 

No tube tests which are possible with the usual facilities of a service shop are so dependable as sub-
stitution of new tubes in a receiver which is in trouble. Instead of using brand new tubes it is just as well 
to use those which are known to perform satisfactorily in a generally similar circuit of some other receiver. 
A tube which has operated well in a similar circuit may give more dependable clues to trouble than a new 

one right out of the carton. Some new tubes may fail to give satisfaction in certain circuits, and oftentimes 
it is necessary to try several before finding one that is entirely satisfactory. 
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Although tube testers are not infallible for television servicing, they are of great help in locating tubes 
which positively are defective. This leaves only relatively few to be checked by substitution. In follow-
ing pages we shall examine the principles of some of the more common test methods employed in tube 

testers. 

EMISSION TESTING. In the majority of tube testers the indications depend on the ability of the cathode 
to emit electrons at a certain minimum rate when test voltages are applied. The elementary principle of 

emission testing is shown by the circuit arrangement of Fig. 97-2. 

When the tube contains more than a cathode and a plate as its elements, all except the cathode are con-
nected together and to one side of the test circuit, with the cathode to the other side. The tube is in 
series with a d-c current meter, several tapped or otherwise adjustable resistors, and the secondary of a 
transformer whose primary is on the a- c line. The transformer supplies something like 30 rms volts to the 
tube and the test circuit. The one-way conductivity of the tube rectifies the alternating voltage and allows 

pulsating direct current to flow in the meter. 

The meter is provided with an adjustable shunt resistor. This shunt is adjusted according to the type 
of tube being tested, so that normal emission current or a greater current causes the meter to indicate a 
satisfactory tube, while any current less than a predetermined minimum causes an unsatisfactory reading. 

The selected series resistance limits the rectified current in accordance with the class of tube being 
tested. Minimum current is allowed for diodes such as employed for detectors and demodulators. Some-
what greater current is allowed for battery-type and other tubes having a small normal emission current. 
Test currents may differ also for voltage amplifiers, power amplifiers, and rectifiers. 

METER 

TUBE 
BEING 
TESTED 

A - C 
LUE 

LINE 
VOLTAGE 

0.-AAAAAA-_ 

SERIES RESISTORS 

Fig. 97-2. The essential circuits for an emission type of tube tester. 
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The heater or filament winding of the transformer has taps, allowing selection of the correct voltage. 
The transformer primary has taps which compensate for line voltage variation and also for transformer volt-

age regulation, as different test currents are taken from the secondaries. 

Any emission current greater than the predetermined minimum is equally satisfactory. Emission in tubes 
of the same type, but of different makes may vary greatly without affecting their performance in receiver 
circuits. Unusually great emission does not indicate a superior tube, in fact it may indicate a gassy one. 
The low limit of emission usually is that causing mutual conductance of amplifiers to drop to 70 per cent 

of the average in good tubes. 

Abnormally small emission current usually means that an amplifier will have low mutual conductance. 
This is because mutual conductance is equal to the ratio of amplification factor to plate resistance. Low 
emission increases the plate resistance, and this lowers the mutual conductance. An emission test is 
based on the assumption that cathode material is equally active everywhere on its surface, and is every-
where equally controlled by the grid. In a tube which has been abused, the cathode material may have ex-
cessive emission from one or more spots, while the remainder of the surface is deficient. Total emission 
may be normal or greater, but the tube will not be satisfactory in a circuit employing grid control. 

4IUTUAL CONDUCTANCE TESTING. Mutual conductance or grid-plate transconductance may be de-
fined as the ratio of amplification factor to plate resistance, or to the quotient of dividing the Einsplification 

SIGNAL 
VOLTAGE 

 o 

PLATE 

VOLTAGE 
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,METER 

D- C POWER SUPPLY 

Fig. 97-3. Simplified circuits for measuring mutual conductance. 
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factor by the number of ohms plate resistance. This gives mutual conductance in mhos. The usual unit is 
the micromho. Iutual conductance in micromhos is 1,000,000 times its value in mhos. 

0 A more useful definition says that mutual conductance io micromhos is equal to the number of micro-
amperes by which plate current is changed by a change of one volt in grid potential. This is the same as 
saying that the number of micromhos is 1,000 times the number of milliamperes change of plate cuitent per 
volt change of grid potential. Test potential applied to the grid is alternating, and only the alternating 
component of the plate current is measured. The measurement may be with a dynamometer type of meter or 
with a rectifier meter in series with a large capacitor to block the direct plate current and voltage. 

An elementary circuit for measuring mutual conductance is shown by Fig. 97-3. Adjustable d-c voltagcd 
are applied to the plate, screen, and other elements as required. Only the adjustment for plate voltage is 
shown. Additional meters may be provided for measuring and correctly adjusting each of the element volt-
ages. The grid usually is operated from a line-frequency alternating voltage, with the grid return to an ad-

15 
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Fig. 97-4. Typical relations between grid bias and plate current ( left) and between plate current and 

mutual conductance (right). 
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justable negative bias. The alternating component of plate current goes to the meter which is graduated in 
values of mutual conductance. Usually there is a separate mutual conductance scale for each selected 
grid signal voltage. 

There is no such thing as a standard mutual conductance for any given tube. Instead there is a wide 
range of possible values which depend on plate voltage, screen voltage, and grid bias. Fig. 97-I shows 
how mutual conductance changes with changes of plate current which result from variations of grid bias 
when plate voltage is held at a constant value for a typical voltage amplifier tube. 

The curve at the left in Fig. 97-4 shows the effect of grid bias voltage on plate current. The right-hand 
curve shows how mutual conductance will vary as the plate current is changed. Were a tube tester to pro-
vide element voltages, allowing plate current as shown by the left-hand curve, the correct average mutual 
conductance would be that corresponding to this plate current. 

A mutual conductance tester is calibrated for values of average mutual conductance, comesponding to 
operating voltages provided by the tester. These mutual conductances may or may not be the same as 
listed in tables of typical operating conditions for the tube being tested, but they are correct for the par-
ticular testing instrument. 

Satisfactory mutual conductance usually is considered to be anything greater than 70 per cent of the 
average value for the type of tube tested. Nlutual conductance is affected very little by differences in 
emission, provided the emission remains above a certain minimum. Were the plate current during a test to 
be much smaller than for typical receiver operation, the mutual conductance might be satisfactory for the 
test, but deficient when greater plate current flows in the tube. 

Test voltage values for mutual conductance measurement are critical. As an example, Fig. 97-4 shows 
mutual conductance of about 2,570 micromhos with negative grid bias of 8 volts. Were the test bias to be 
made 9 volts negative, the mutual conductance would drop to about 2,250 micromhos. Variations of plate 
voltage for triodes and of screen voltage for pentodes can cause large variations of mutual conductance. 

SHORTED ELEMENTS. A tube which has been carelessly handled or otherwise abused may develope 
short circuits of high or low resistance between its elements. The element supports may become bent, or 
possibly warped from excessive temperatures. Insulating materials or the coatings of heater and cathode 
may become loosened. Because of structural or manufacturing faults some tubes become internally shorted 
during normal use. 

One method of checking for shorts between elements is illustrated by diagram A of Fig. 97-5. A rotary 
switch makes contact with any one element while keeping all other elements connected together. The rotor 
tongue which contacts the one element is connected to the positive side of the d-c source, while the rotor 
ring which connects with all other elements is on the negative side of the source and in series with a cur-
rent meter. 

The tube cathode remains connected to the positi,,e side of the source, thus keeping the cathode at the 
same positive potential as other elements, or else the other elements are negative with reference to the 
cathode. This prevents emission current from the cathode to other elements. Such current might be con-
fused with short-circuit current. 
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Fig. 97-5. Two methods of testing for short circuits between elements of a tube. 

The diagram shows a pentagrid converter tube being tested. With the switch in position 1 the oscillator 
grid is made positive and all other elements except the cathode are negative. With a short between the 
oscillator grid and any other element except the cathode, direct current would flow in the meter. Remain-
ing positions of the switch, connect other elements to the positive side of the source, one at a time. In 
position 6 all elements except the cathode are on the negative side of the test circuit, with the cathode re-
maining positive in order to check shorts between the cathode and any other element. 

Short tests may be made also with a neon lamp indicator as in diagram Bof Fig. 97-5. The switching 
arrangement, not shown in detail, might be similar to that of diagram A or anything equivalent. Alternating 
voltage in series with the neon lamp is applied to various combinations of elements. Any short allows 
alternating current in the lamp, and both of its electrodes will glow. 

Normal conduction current in an unshorted tube is rectified by the tube, and only one electrode of the 
neon lamp will glow. When the cathode is not one of the tested elements there is no emission current, and 
neither lamp electrode will glow provided there are no shorted elements. Consequently, shorts are indi-
cated when both lamp electrodes glow, and freedom from shorts is indicated when only one or neither elec-

trode glows. The neon lamp is bypassed with a small capacitor to prevent the electrodes from glowing due 
to small alternating currents passed by capacitances of wiring and parts in the tester. 

C 1T110DE-IIE AT ER LE AK ICE. Damaged or defective insulation on the heater conductor or defective 
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insulation anywhere between heater and cathode may allow more or less alternating heater current and volt-

age to enter the cathode and its circuits. This leakage may cause hum and other troubles unless both the 
cathode and one side of the heater are connected to the same chassis ground or unless the cathode has a 
very large bypass capacitor to ground. 

Cathode-heater leakage may be troublesome in tubes whose grid circuits contain high resistance or im-
pedance, as is the case with many voltage amplifiers and control tubes. Trouble is less likely where the 
grid circuit is of relatively small resistance or impedance, as with most power amplifiers. Cathode-heater 
leakage may be troublesome when it exists in audio and sound section tubes whose cathode currents go to 
plates and screens of tubes in i-f or r-f sections, and where the audio or sound cathodes are at potentials 
far higher than ground. 

Tests for shorts and leakage should be made after the cathode is hot, since a short which exists at high 
temperature may disappear when the tube cools. During any test for inter-element shorts the tube should 
be tapped lightly in order to expose shorts due to loose elements or supports. Inter-element shorts may 
severely overload grid circuits which should carry no current, and they may reduce the normally negative 
grid bias or even make the bias positive. 

G 1SSY TUBES. When a tube not highly evacuated is operated with a high plate voltage or large plate` 
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Fig. 97-6. The process of ionization in a gas, and how it may affect the grid bias. 
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/ecurrent there is likely to be ionization of gas atoms within the tube. Ionization, as shown at 1 in Fig. 
97-6, is the process in which electrons traveling from cathode to plate or screen collide with gas atoms 
and knock one or more negative electrons off these atoms. This leaves the atoms positive, with a defi-
ciency of negative electrons. Such atoms are called positive ions. The normally negative grid attracts the 
positive ions and they form a positive, sheath around the grid structure as at 2. 

Now, as at 3 negative electrons tend to flow toward the grid through the external grid circuit in an ef-
fort to neutralize the sheath of positive ions which have gathered around the grid. This grid carrent or 
"gas current" flows through the circuit resistance in a direction making the grid end positive with refer-
ence to the cathode. This is the reverse of the direction for current which biases the grid with the grid-
leak method. The tendency to form an opposite current in the grid circuit may partially or wholly overcome 
the normally negative grid bias. 

A tube may become gassy due to slow leakage of air around the seals for base leads. Overheating of 
the elements may allow gradual release of gas which has been absorbed or "occluded" in certain of the 
internal parts and supports. 
, 

/à 
>' Symptoms of a gassy tube are as follows. Grid bias is less negative than normal, or may become posi-

tive. Less than the normal biasing current flows in a grid-leak biasing resistor, or there may be reversed 
current. The incorrect grid bias may allow excessive plate current, and this current may overheat the tube. 
Oscillation may occur in voltage amplifiers, and severe distortion in power amplifiers. A tube which has 
lost practically all its vacuum, possibly due to a cracked envelope, may become very hot without the heater 
showing any glow. 

When a tube contains considerable gas and is operated with large plate current, ionization may cause a 
faint blue glow to appear between plate and cathode. This may happen in some large power tubes and in 
rectifiers without causing any particular trouble. A blue-green glow visible on the inside of a glass enve-
lope on large tubes is caused by fluorescence at the glass surface, not by gas. 

A tube must have a minimum of gas to perform well where the grid circuit is of high resistance, as with 
many voltage amplifiers. Power tube grid circuits usually are of comparatively low resistance, and some 
gassiness in the tube may not cause trouble. In no case should grid circuit resistances- exceed the maxi-
mum value recommended by the tube manufacturer for that particular tube. 

Most tests for gas depend on the effects of grid current. One method is shown by Fig. 97-7. A switch 
in the grid circuit is shifted from a to la,. cutting off any a-c grid signal and connecting the grid through 
about one megohm resistance at ll to the bias voltage. A test button momentarily short circuits resistance 
R. When grid current flows mili due to gas in the tube, the grid becomes less negative than the bias volt-
age, and the resulting large plate current is indicated by the meter. Operating the test button shorts out 
the gas-induced grid voltage and allows the grid to become more negative, thus reducing the plate current. 

The greater the change of plate current when operating the test button the more gas the tube contains, 
since change of plate current results from removal of the positive biasing effect which is due to gas cur-
rent. Change of plate current varies not only with the amount of gas, but also with mutual conductance of 
the tube. A tube of high mutual conductance may undergo more change of plate current than one of lower 
mutual conductance, yet may not be so gassy. 
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Fig. 97-7. A method commonly employed in testing for excessive gas in amplifier tubes. 

OTHER TUBE CH4RACTERISTICS. Amplification factor, plate resistance, and power output may be 
measured with suitable apparatus, but seldom if ever are they measured during service work. Fig. 97-8 
illustrates principles sometimes employed for measuring amplification factor and plate resistance. 

A low- frequency alternating voltage, at possibly 1,000 cycles, is taken from opposite sides of a source 

and is therefore of simultaneously opposite polarity at the grid and the plate of the tube being measured. 

AMPLIFICATION 
FACTOR 

a 
SWITCH 

A - C 
INDICATOR 

PLATE 

RESISTANCE 

D- C 
SOIJRCE 

LULU) 
Preffl A- C SOURCE 

Fig. 97-8. Principal parts of a test circuit which allows measurement or computation of amplification 

factor and plate resistance. 
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This alternating voltage is applied also across the amplification factor potentiometer, whose slider is con-
nected through a sensitive current indicator to the tube cathode. When the slider is adjusted so that there 
is no current in the indicator, the alternating voltage at the plate must exceed the opposing alternating 
voltage at the grid by a number of times which is the amplification factor. Then this factor is equal to the 
ratio of resistance at a to resistance at b. The potentiometer may have a scale graduated in values of 
a mph fi cation factor. 

Now a note is made of the measured amplification factor; and that potentiometer is adjusted to have 
equal resistances at a and b. Next, the switch going to the plate resistance rheostat is closed, and that 
rheostat is adjusted until no current is shown by the indicator. Plate resistance of the tube is the product 
of rheostat resistance and a number which is equal to the previously measured amplification factor minus 
one. 

There are a number of ways for measuring power output. One of the simplest employs a circuit similar 
to that for measuring mutual conductance, but, as in Fig. 97-9, substitutes for the current meter an adjust-
able load resistance and an a-c voltmeter connected to measure alternating potential difference across the 
load. Power output in watts is equal to the square of the a- c voltage divided by ohms of load resistance. 
The meter dial may be graduated for several ranges of power, with load resistance and grid input adjusted 
to suit each range. 

TUBES OTHER THAN AVPL1F1ERS. Power rectifiers usually are considered to have reached the end 
of useful life when rectified direct current drops to 80 per cent of the normal average when a-c plate volt-
age and filter loads are such as commonly used for the tube being tested. This general rule applies also 
to small diodes employed for detectors and control tubes. 

t\- C 
VOLTS 

A - C 
INPUT 

e< • 

BIAS 

B— 

Hs  

LOAD 
RESISTANCE 

+ 

97-9. A modification of a muted conductance tube tester which allows measurement of power output. 
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PENTODE 

TRIODE 

C - P 

G- K 
(INPUT) 

OUTPUT 
o 

— — — 
G- P 

o 

P - K 
(OUTPUT) 

0 
— 

0 
INPUT 

Fig. 97-10. The principal interelectrode capacitances in a triode and in a pentode. 

Oscillator tubes are difficult to test satisfactorily other than by operation in their regular circuits. 
Whether or not a given tube will oscillate depends very largely un circuit impedances and on the intended 
oscillating frequency. A tube which does not oscillate in one circuit often is satisfactory in another cir-
cuit. 

The usual test for oscillation is measurement of negative grid voltage with a vacuum tube voltmeter 
while the tube is in its regular position. Practically all oscillators operate with grid-leak bias. Unless 
the grid is at least three or four volts negative with reference to the cathode, the tube probably is not os-
cillating. Oscillator grid voltage often is between 10 and 20 volts negative. 

The, mixer section of a converter tube may be tested as a voltage amplifier with suitable test voltages 
on the mixer elements. The oscillator section is tested like any other oscillator, using the elements which 
function in this capacity. The effectiveness of the tube as a converter depends on conversion trinscon-
ductance. 

Conversion transconductance is comparable to mutual conductance. When measuring mutual conductance 
the alternating voltages on grid and plate are at the same frequency. But conversion conductance in micro-
mhos is equal to the number of microamperes of mixer plate current at the intermediate frequency, per volt 
of radii -frequency signal on the r-f signal grid of the converter tube. The different frequencies at grid and 
plate make it difficult to measure conversion transconductance. 

INTERELECTRODE CAPACITANCES. There are capacitances between the internal elements of a tube 
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because the elements are conductors and the vacuum between them acts as a dielectric. These capaci-
tances are important in all high-frequency operation, since they form a large part of the circuit capacitance 
which tunes r-f and i-f amplifiers and which enters into peaking and other performance factors of many 

circuits. 

The three internal capacitances of a triode are shown by the triode symbol of Fig. 97-1(). Grid-plate 
(G-P) capacitance is the one which affects tendency of the tube to oscillate due to energy feedback from 
plate to grid through the tube. Grid- cathode (G-K) capacitance is that which the tube places across the 
external grid circuit. It may be called input capacitance. Plate-cathode (P-K) capacitance is p 1 ace d 
across the external plate circuit. It may be called output capacitance. The accompanying table gives 
typical values of interelectrode capacitances for some single and twin triodes often found in television cir-
cuits. All are miniature tubes except the 6SN7, which is an octal type. 

INTERELECTRODF_'. CAPACITANCES OF TRIODES, IN 1\l'AF. 

Tube Grid-Cathode Plate-Cathode Grid-Plate 

6AB4 2.2 0.5 1.5 

6BQ7, 1st section 2.7 0.15 1.15 

2nd section 4.9* .15 1.15 

6C4 ' 1.8 1.3 1.6 

6J6, 1st section 2.2 0.4 1.6 

2nd section 2.2 .1 1.6 

6SN7, 1st section 2.8 0.8 3.8 

2nd section 3.0 1. 9 1.0 

12AT7, 1st section 2.1 0. -; 1. -) 

2nd section 2.1 .1 

* With grounded grid connection. 

The more important interelectrode capacitances in 

97-10. The combined effect of capacitances between 
the same signal potential as the cathode is called the 
tances between the plate and all elements operating 

output capacitance. 

a pentode are shown by the pentode symbol of Fig. 
the control grid and all other elements operating at 
input capacitance. The combined effect of capaci-
at the signal poten.ial on the cathode is called the 

An accompanying table gives average input, output, and grid-plate capacitances of a number of miniature 
voltage amplifier pentodes found in television receivers. All the capacitances are .aeasured with no ex-
ternal shield on the tube. Addition of a close fitting shield, connected to the cathode, causes a consider 
able increase of output capacitance, possibly a slight increase of input capacitance, and there may be a 

decrease of grid-plate capacitance. 
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INTER EL.-J.:1110W, CAPACITANCES OF MINIATURE PENTODES, l N \17,F. 

fype Input Output Grid-Plate 

6.5 1.3 0.025 
GA'16 10.0 9.0 .03 

6A1_16 5.5 5.0 .0035 
(V3A6 5.5 , .0035 

613C.5 6.5 L; .03 
6ilr.!6 at 1.! .0035 

6.3 1.9 .02 

Grid-plate capacitances of pentodes are only about 0.2% to 2.0% of the grid-plate capacitances in any 
of the previously listed triodes. On the other hand, the input capacitance of the triodes always is much 
smaller than in any pentode, while triode output capacitances also run smaller than those of pentodes. 

Other than the possibility of feedback from plate to grid, it is easier to tune to high frequencies with tri-
odes than with pentodes of the same general structure, since the unavoidable and uncontrollable input and 
output capacitances are smaller in the triodes. 

TUBE SUBSTITUTIONS. A tube of one type may be substituted for one of a different type because of 
two principal reasons. First, certain tubes occasionally become temporarily unavailable, and to keep a re-
ceiver in operation it is necessary to substitute another tube which is available or which you have on hand. 

Fig. 97-11. Combination tubes in which the sections are of different types. 
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Second, sensitivity and output of some older receivers and of a few recent ones may be improved by sub-
stituting tubes which provide greater transconductance. A mere listing of possible substitutions would be 
of little value, since there are hundreds of possible changes with present types and new types are con-
tinually added by the makers. It is better to become familiar with principles which govern the possibil-

ities. 

Any substitution is bound to change the performance, unless operating voltages can be altered to com-
pensate for change of tube characteristics. It is desirable to improve performance when possible, but if 
results are somewhat less satisfactory than with the original tube, but still passable, this may be tolerated 

when no other replacement tube is available. 

Most substitutions are in r-f or i-f voltage amplifier stages and in video amplifiers, where difficulties 
usually are not too great. More trouble may be encountered in some sync circuits, in limiter and demodu-
lator circuits, in sweep oscillators and automatic sweep frequency controls, and in automatic gain controls. 

Tubes having only a single set of elements present the least difficulty. Some twin types might be re-
placed by two tubes, each similar to one of the twin sections, although it would be necessary to find 

chassis space and sometimes to make an extra socket noie for the added tube. 

Combination tubes having sections of different types are difficult to replace other than with a generally 
similar type. The elements in some such tubes are as shown by symbols in Fig. 97-11. At 1 is the famil-
iar voltage amplifier triode with two detector diodes. A fairly common combination of a triode with three 
diodes is shown at 2. There are and have been voltage amplifier pentodes combined with a triode (3), with 
one diode  ( 4), or with two diodes  (5). Power pentodes have been combined with a triode (6) or with a recti-
fier (7). Beam power amplifiers may be combined with a rectifier as at 8. The types at, 5 and 7 are 

obsolete, but may be found in older receivers. 

The arrangement of base pins and the type of socket which will take the pins may determine the feasi-
bility of a substitution. In general use are 7-pin and 9-pin miniature sockets, also octal and lock-in 
sockets. A tube which fits any one of these won't fit in any other type socket. The 7-pin miniature socket 
requires a chassis hole 5/8 inch in diameter, while the 9-pin type takes a 3/ Inn ch hole. 

Most octal and lock-in sockets will fit into an opening 1 1/8 inch in diameter, which allows interchang-
ing these two types and shifting the wiring connections. For many lock- in tubes there are octals which 
serve for emergency substitution, or the change may be from octal to lock-in type. Some of the equivalents 

are as follows. 

Lock-in 

7M 
7A6 
7A7 
7AD7 
7114 

Octal I Lock-in I Octal I Lock-in Octal 

6J5 7135 6K6 7C7 6.17  
7117 I 6AB7 6116 

6SK7 7-t313 6A8 7N7  
6AG7 7C5 6V6 7Q7 6SA7 
6SF 5 7C6 73 7Y1. 6X5 

7117 6SK7 
6SN7 
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6A!-16 6AU6 6C36 
63H6 
63J 6 

6BA6 
6BC5 
6405 
6AK5 

Fig. 97-12. Connections of elements to base pins in some voltage amplifier miniature pentodes. 

Even though the same socket will take both the original and the substitute tubes and when base pins 
and internal element connections are almost alike, the wiring on the socket always must be examined 
closely. Some reasons are illustrated by Figs. 97-12 and 97-13 which relate to 7-pin miniature voltage 
amplifier pentodes used for television r-f and i-f amplifiers and for some video amplifiers. 

TO 
CATHODE 

BIAS NO 
RESISTOR CONNECTION 

NO 
CONNECTION 

TO 
CATHODE 

Fig. 97-13. Some of the socket connections which may cause difficulties when making tube substitutions. 
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Fig. 97-12 shows internal connections for nine such tubes. The heater always is connected to pins 3 
and 4 the control grid is connected to pin 1 the plate to pin 5 and the screen to pin 6. Differences are 
in connections of thé cathode, the suppressor, and the internal shield to pins 2 and 7. 

At A the cathode is connected to pin 7 and the suppressor to pin 2. There is no internal shield. Dia-
gram B shows the same cathode and suppressor connections, but there is an internal shield connected to 
the same pin as the suppressor, pin 2. At C the cathode and suppressor connections are reversed on pins 
2 and 7 with the internal shield still connected to the suppressor pin. At D the cathode, suppressor, and 
internal shield are connected together, and all are connected both to pin 2 and pin 7. This use of two pins 
for the cathode allows arranging the external circuit te lessen the effective inductance of the leads, which 
helps at high frequencies. 

In many receivers you will find socket lugs 2 and 7 connected together and to ground, as at 1 in Fig. 
97-13. This may be done when grid bias is by the grid-leak method or by connection of the grid return to 

some point which is negative with reference to ground and the cathode. Then, so far as internal connec-
tions are concerned, any of the nine tubes under discussion could be used without rewiring the socket, for 
the external connection between lugs 2 and 7 makes all the element connections equivalent to those at D 
in Fig. 97-12. 

Supposing you were to find socket connections as at 2 in Fig. 97-13, with a cathode bias resistor on lug 
7 and with lug 2 grounded. This would be suitable for all tubes whose internal connections are shown at 
A and B of Fig. 97-12. But were one of the tubes at C to he put into the socket wired as at 2 there would 
be no cathode bias and the suppressor would be connected through a resistor to ground. Inserting a tube 
whose pin connections are shown at D of Fig. 97-12 would short circuit the biasing resistor to ground, and 
there would be no bias voltage. 

When the original tube is one of those at D of Fig. 97-12, the cathode end of the external circuit may be 
connected either to socket lug 2 or 7 with the remaining one of these lugs left unconnected, as at 3 and 4 

of Fig. 97-13. This would not do for tubes whose internal connections are as shown by any of the other 
diagrams. The examples of socket wiring which have been illustrated cover only a few of the possible 
variations, but they show how necessary it is to examine the actual socket wiring before making a tube 
substitution. 

Heater voltages and currents may determine whether a substitution is practicable. As an example, all 

of the voltage amplifier pentodes used to illustrate base pin and socket connections require 6.3 volts for 
their heaters. But the 613116 and 6BJ6 trke only 0.15 ampere of heater current, the 6AK5 takes 0.175 am-
pere, the 6AII6 takes 0.45 ampere, and all the others require 0.30 ampere. 

When all heaters are in parallel on a 6.3-volt transformer winding, as in the upper diagram of Fig. 97-14, 
each tube will take its required current at this voltage and differences between rated currents will not 
affect the possibility of substitution. But on a series heater circuit, as in the lower diagram, tubes of dif-
ferent heater current ratings would not be interchangeable. 

The hot resistances, with rated heater voltage and current, are shown for each of the tubes. Using a 
substitute tube of lower than the original current rating would reduce the current and emission in other 
series tubes, and soon the first one would burn out due to excessive current unless it had a higher voltage 

rating. With a substitute tube of higher heater current rating its cathode would not be heated enough for 
normal emission. 
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En,7) 

0.15 
AMP. 

0.175 
AMP. 

0.30 
AMP. 

0.15 
AMP. 

AT 6.3 { 
VOLTS 

 "Ne  

0.15 AMP. 
42 OHMS 

0.175 AMP. 
36 OHMS 

6.3 VOLTS 

0.30 AMR 
21 OHMS 

0.45 AMP. 

14 OHMS 

Fig. 97-14. Tubes rated for different heater currents cannot be on a series heater circuit without some 
form of current equalization. 

A tube of lower heater current rating may be used in series with higher current tubes by paralleling the 
low- current heater with a resistor, as at the top of Fig. 97-15. To determine the required shunting resist-
ance, first subtract from the current rating of other tubes, or the series circuit current, the current rating 
for the heater in the substitute tube. Then divide the rated heater volts of the substitute by the amperes of 
current differerrce. The quotient equals the required resistance in ohms. The power rating of the shunt re-
sistor should be at least double the actual dissipation as computed from resistor current and voltage drop. 

To use a tube of greater heater current rating than that of other tubes in a series string would require 
bringing extra heater current to this substitute tube through resistors shunting the other tubes, with some 
arrangement such as at the bottom of Fig. 97-15. Nearly always this would overload ballast resistors and 
other elements in the series circuit or its current source, and would not be practicable without making care-
ful calculations and circuit alterations appropriate for each individual case. 

If you merely remove one tube and substitute a different type, with no adjustments of operating voltages, 
the performance may be better or worse, and the new tube may be overheated by excessive plate or screen 
currents and voltages. To obtain best performance without overheating, it is usually necessary to alter the 
grid bias and possibly also the plate and screen voltages. 

Mutual conductance or transconductance of either a triode or pentode increases with plate current. Fig. 
97-16 shows relations between plate current and mutual conductance for two voltage amplifier triodes. 
Plate currents are varied by changes of grid bias, with plate and screen voltages held constant. Curves for 
other tubes would be of similar shape but would not have the same values. 
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Plate current in a triode depends on plate voltage and grid bias, while in a pentode the plate current 
depends almost wholly on screen voltage and grid bias, very little on plate voltage. With either type of 
tube it is usually possible to obtain a suitable and safe plate current by altering the grid bias, as by 
changing a cathode resistor. 

The accompanying list shows how changes of grid bias vary the plate currents and transconductances 
of some of the common voltage amplifier pentodes when there are no changes in plate or screen voltages. 

TUBE 
NEGATIVE 

BIAS, VOLTS 
PLATE 

CURRENT, MA 
Ili \ NSCON9UCTANCE, 

NlICRON1F1OS 
6AU6 1.75 7.0 4300 

1.0 10.6 5200 
6BC5 2.0 6.2 5100 

1.7 7.5 5800 
613116 1.1 7.0 4500 

1.0 7.4 1600 
6CB6 2.7 7.0 4900 

2.2 9.5 6200 
6BJ6 1.6 7.0 2800 

1.0 9.2 3800 
6A116 2.6 7.0 6600 

2.0 10.0 9009 

A pentode may be replaced only with another pentode. If the original pentode operates with remote cut-
off for gain control, the substitute tube must be another remote control pentode. Otherwise the remote and 
sharp cutoff types may be interchanged in most circuits. 

A triode sometimes can be replaced with a pentode connected to operate as a triode. If the suppressor 
is not internally connected to the cathode (III and C of Fig. 97-12) this is done by wiring together the 
socket lugs for plate, suppressor, and screen. If the suppressor is internally connected to the cathode 
( of Fig. 97-12) only the socket lugs for plate and screen are connected together for triode operation. 

When operating a pentode as a triode it usually is necessary to employ less plate voltage and a more 
negative grid bias than for pentode operation, although this depends on the particular tube. As a rule it is 
satisfactory to limit the plate current as a triode to the same value as plate current recommended for typi-
cal operation as a pentode. Grid-plate capacitance will be increased by the triode connection, and it may 
be necessary to add an external shield to prevent excessive peaking or oscillation. Changes of input and 
output capacitance ordinarily are no greater than can be compensated for by realignment of the circuits. 

The maximum power which a tube is capable of dissipating without overheating determines the allow-
able combinations for voltages and currents of plates and screens. Every tube is rated for some certain 
maximum plate voltage and maximum screen voltage, which are voltages respectively between the cathode 
and the plate or screen. There are maximum ratings also for watts dissipated as heat by the plate and the 
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VOLT 12.6 VOLTS 

0.30 0.15 0.30 0.15 0.30 
AMP. AMP. AMP. AMP. AMP. 

0.15 AMP - 42 OHMS 
(0.945 WATT) 

0.15 AMP - 84 OHMS 
(1.89 WATTS) 

Fig. 97-15. Paralleled or shunting resistors carrying part of the circuit current allow using series heaters 
of different ratings. 

screen. Actual dissipation in watts is equal to the product of element volts and milliamperes, divided b) 
1,000. Tubes seldom are operated to dissipate much more than 90 per cent of the maximum allowable 
watts. 

To illustrate relations between power dissipation, voltage, and current, we may take the 6BC5, whose 
plate ratings are 2 watts and 300 volts and whose screen ratings are 0.5 watt and 150 volts. Operating 

with 250 volts and 7 milliamperes for the plate, the dissipation is 250 times 7, divided by 1,000, which 
comes to 1.75 watts. This is about 88 per cent of maximum permissible power. 

The curve for the 6BC5 in Fig. 97-16 is drawn for 250 volts between plate and cathode. The solid line 
portion of the curve covers operation within the plate dissipation limit of 2 watts which, with 250 plate 
volts, allows no more than 8 ma of plate current. The curve for the 6A1I6 is drawn for 300 plate-cathode 
volts. Maximum plate dissipation for this tube is 3 watts, so maximum plate current with 300 plate volts is 
10 ma. Operating on the broken line portions of the curves would overheat the tubes. 

With screen voltage no higher than the rated maximum, and a grid bias which prevents plate current from 
exceeding the maximum plate power limit, there seldom is danger of too much dissipation from the screen. 
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Fig. 97-16. Relations between plate current and transconductance in two voltage amplifier pentodes. 

For any given values of plate and screen voltage, which are applied to a tube, the grid bias must be 
sufficiently negative to prevent a plate current which would cause excessive plate dissipation in watts. 
Unless you have reliable information relating to the tube or tubes involved, it is not safe to make a sub-
stitution without measuring the final plate voltage and current, computing the watts of dissipation, and 
checking this against the limits set by the tube manufacturer. 
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TELEVISION AT ULTRA- HIGH FREQUENCIES 

Throughout the whole history of radio and television the trend has been toward the use of higher and 
higher carrier frequencies. Every increase of frequency has brought new problems in the manufacture of 
receivers which must be designed to sell at prices people are willing to pay, which will perform well in the 
hands of inexperienced operators, and which can be serviced without too great difficulty when trouble ap-
pears. The extension of television broadcasting into the ultra-high frequency channels 14 through 83 has 
been no exception to this rule. 

In this first lesson on ultra-high frequency practices we shall examine most of the difficulties. After 
reading the first few pages you will wonder how it is possible to receive and reproduce television signals 
and programs in this range of frequencies—everything seems to work against it. Then we shall commence 
studying practical solutions for the many problems, and learn how ultra-high frequency reception may be 
made entirely satisfactory. 

The entire extent of frequencies used for radio transmission and reception is divided into several 
classifications, as follows. 

NAME ABBREVIATION RANGE 

Niedium frequencies 
High frequencies 
Very High frequencies 
Ultra High frequencies 
Super High frequencies 

hf or h.f. 
vhf or v.h.f. 
uhf or u.h.f. 
shf or s.h.f. 

0.3 mc to 3.0 mc 
3.0 mc to 30.0 mc 

30.0 mc to 300.0 mc 
300.0 mc to 3,000.0 mc 

3,000.0 mc to 30,000.0 mc 

Relations between the several television bands are shown by Fig. 98-2. The ultra-high frequency 

channels extend from 470 through 890 Inc. This is an average frequency nearly four times that of the very-
high frequency channels 7 to 13, and almost ten times as high as in channels 2 to 6. 

One wavelength in the middle of vhf channel 4 measures more than 14 feet. In the middle of vhf chan-
nel 10 a wave is about 5 feet long. In the middle of the uhf band a wavelength is only about 17q inches 
long, and a half-wave dipole antenna can be spanned with the fingers of one hand. 
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Fig. 98-1. An experimental ultra-high frequency oscillator which will operate at frequencies up to 1,000 
megacycles. The tube is a 6F4 Acorn type. 

The differences between receiving equipment for the vhf channels 2 through 13 and for the uhf chan-
nels 11 through 83 are entirely in the antenna, the transmission line, and the tuner. Once the modulated 

carrier frequencies for any of the bands have been converted to modulated intermediate frequencies by the 
mixer, the following sections of all receivers may be identical in design and operation. 

The uhf carrier waves follow a line-of- sight direction even more closely than the vhf carriers. There 

VERY-HIGH FREQUENCIES 

CHANNE LS 

2 to 6 7 to 13 

54 88 174 216 

UL-1 RA- HIGH FREQUENCIES 

CHANNELS 14 to 83 

470 890 

100 200 300 400 500 600 700 800 900 

FREQUENCY — MEGACYCLES 

Fig. 98-2. Frequency relations between the very-high and ultra-high television channels. 
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is even greater energy absorption and greater " shadowing" effect due to hills, buildings, trees, and other 
objects along the line from transmitting to receiving antennas. In localities where uhf signals come close 
to the ground before reaching the receiving antenna, such things as moving trains and large trucks can cut 
off reception as they pass by. Maximum reception distance for uhf signals usually is somewhat shorter 
than for vhf signals. 

Uhf signals are highly directional. Reflections such as cause ghost images are more troublesome than 
at the lower television frequencies. This is because the size of an object which can cause total wave re-
flection is roughly proportional to the signal wavelength. The very short waves in the uhf band can be 
wholly reflected by proportionately small surfaces. 

Partially compensating for the many shortcomings in uhf signal propagation is the relative freedom 
from certain kinds of interference. This is true of most spark type interferences, also of interference from 
medical and industrial apparatus working at very-high frequencies. Television was extended into the ultra-
high frequencies not because of operating advantages, but because in no other range were there enough 
frequencies not already assigned to other services. 

Each uhf channel covers 6 mc, just as does each vhf channel. Uhf channel 14 extends from 470 to 476 
mc. Channel 83 extends from 884 to 890 mc. For both uhf and vhf work there is the same general type of 
carrier signal. There is vestigial sideband transmission, 4.5 mc separation between video and sound 
carriers, amplitude modulation for video signals, and frequency modulation for sound signals. The video 
carrier in any uhf channel is 1.25 mc higher than the low limit of that channel, and the sound carrier is 0.25 
mc below the high limit, just as in the vhf channels. 

With all of the uhf channels in use there will be about 1,500 television stations working in this band. 
Combined with the possible total of about 550 vhf stations, there will be hardly a populated area of the 
United States where television programs cannot be received. Effective radiated carrier powers may be any-
thing between one and 1,000 kilowatts, with the greatest powers used in the larger cities and the least 
powers in the smallest cities. 

UHF TUBES. None of the tubes commonly used in the carrier tuning sections of standard broadcast 
receivers are suitable for use in uhf tuners. Furthermore, many tubes which are satisfactory in tuners for 
the vhf television bands become almost useless at frequencies in excess of 300 to 400 mc. A few will per-
form quite well up to 600 mc or thereabouts, but cannot reach the high end of the uhf band. 

One reason why ordinary tubes fail at ultra-high frequencies is that their intermal capacitances are too 
great. The capacitive reactance of the tube drops lower and lower as frequency goes up, The small re-
actance of the tube, connected across the grid circuit, makes it impossible to obtain large voltage gains. 
We learned this when studying video amplifiers. As an example, the input capacitive reactance of most of 
the miniature pentodes used in vhf receivers would be less than 40 ohms at a frequency in the middle of 
the uhf television band. No worth- while signal voltage can be built up across such a small reactance. 

In addition to lack of gain, the large input capacitance of the tube may add greatly to the total capaci-
tance in a resonant grid circuit, and make it difficult or impossible to tune the circuit at ultra-high frequen-
cies. It is largely because input and output capacitances of triod.es are smaller than in pentodes that the 
majority of uhf tubes are triodes. 
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Ordinarily we think of the input capacitance of a triode as that between the grid and cathode, and of 
the output capacitance as that between the plate and cathode. But there is also a considerable capacitance 
between the cathode and heater, possibly 3 mmf or more, and unless the cathode is directly connected to 
one side of the heater this capacitance may add still further to the total. 

Input capacitances of triodes especially designed for uhf work may be as small as 1 to 2 mmf, while 
output capacitances of many of these types are much less than 1 mmf. This is accomplished by suitable 
shaping and positioning of the elements. 

At the left in Fig. 98-3 are the elements of a typical r-f pentode. At the center are the elements of a 
6J6 twin-triode, a type which can give satisfactory performance up to about 600 mc. At the right you can 
see the still smaller element structure of a 6AF4 tube, a special uhf type which operates well to about 
1,000 mc or even somewhat higher. 

A second reason why ordinary tubes fail to perform well at ultra-high frequencies is that the induc-
tances of internal leads between elements and base pins are too great. The addition of these internal in-
ductances to other inductances in the external circuit may make a total so great as to prevent tuning in the 
ultra-high frequencies. 

The internal inductances also may combine with the internal capacitances of the tube to form a com-
plete resonant circuit at some frequency within the uhf band. Such self-resonance of the tube limits the 

ILI 8 Oil 

Fig. 98-3. As tubes are designed for higher and higher frequencies, the sizes ¡and spacings of the elements 
becomes progressively less. 
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o 680 mc 
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946 mc 

Fig. 98-4. Inductances of short, straight wires become highly important at the ultra-high frequencies. 

maximum operating frequency because it prevents oscillation in an externally connected circuit at the ultra-
high frequencies, and also makes amplification impossible at these frequencies. 

After having worked with the relatively low frequencies of the vhf television channels for so long it is 
difficult to realize the importance of inductances in leads and wiring connections at the ultra-high frequen-
cies. At 680 mc, the middle of the uhf band, the inductance of one inch of number 14 copper wire (about 
1/16 inch in diameter) is approximately 0.0142 microhenry. If this one inch of straight wire were connected 
across a capacitance of only about 3.85 mmf we would have a circuit resonant at 680 mc. 

It is quite evident that there would be no way of connecting one inch of wire across a capacitor with-
out bending the wire. To loop the wire around the capacitor would increase the inductance of the wire. 
What we can do is connect the straight wire to two discs, between whose extended surfaces there is ca-
pacitance. This is illustrated at A in Fig. 98-4. It is one possible form of resonant circuit for ultra-high 
frequencies. 

Doubling the length of a straight wire more than doubles its inductance, and cutting the length to half 
drops the inductance to less than half the original value. Resonant frequency does not, however, vary di-
rectly with changes of inductance. The variation involves "the inverse of the square root" of the induc-
tance. Omitting the mathematics, the changes in resonant frequency when using the same capacitance in 
all cases would be as shown at B in Fig. 93-4. Commencing with one inch of wire, and resonance at 680 
mc, doubling the length -would drop the resonant frequency to about 421 mc, and halving the length would 
raise the frequency to about 946 mc. 

The foregoing example is intended only to bring out the exceeding importance of having the shortest 
possible leads and connections in uhf circuits. Reducing the length of a connection by a half-inch may 
make the difference between a circuit which will tune to some desired frequency and a circuit which cannot 
be tuned. 

In addition to reducing the length there are two other ways of lessening the inductance of wires or 
leads. One way is shown at the left in Fig. 98-5. We may use a conductor of larger diameter. If you corn-
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Fig. 98-5. Inductances of straight wires may be lessened by increasing their diameters or by using two or 
mire wires connected in parallel. 

mence with a very thin wire, the diameter may have to be increased by three or four times to drop the in-
ductance a worth-while amount But if the diameter is originally about 1/16 inch, and it is doubled, the in-
ductance is dropped almost 30 per cent. 

The other way of reducing lead inductance is -shown at the right. We use two or more conductors in 
parallel with one another. Two paralleled wires of equal diameters and lengths may have only half as much 
inductance as one of the wires alone. Three similar wires in parallel may have only one-third as much in-
ductance as one of the wires by itself. 

We say that paralleled conductors may have much less inductance than a single conductor, because 
the actual reduction depends largely on how far the paralleled leads are separated from one another. If all 
the wires are close together, almost touching, the effect is about the same as when increasing the diame-
ter of a single conductor. , As the paralleled wires are spaced farther and farther apart, we gain increasing 
advantage.of the paralleling. When the conductors are spaced apart by something like 20 times their di-
ameter they very nearly obey the regular rule for inductances in parallel. That is, the combined inductance 
then becomes nearly equal to the inductance of one divided by their number. 

Some uhf tubes have paralleled internal leads from two separate contact pins to the same elements. 
Connections for a few such types are shown by Fig. 98-6. The 7E5 lock-in tube has two base pins and 
paralleled internal leads for plate, grid, and cathode. The 9002 miniature tube has paralleled leads for 

plate and cathode, with a single grid lead. In the 6AF1 miniature and in the 6F4 and 6L4Acorn tubes 
there is a single cathode lead with paralleled leads for plate and grid. 

The paralleled internal leads reduce the inductances within the tube itself. When external circuit con-
nections are completed with well separated paralleled wires between the tube and tuning units there is con-
siderable reduction also of external inductance. 
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7E5 9002 6AFLI 6F4 and 6L4 

Fig. 98-6. Some of the uhf tubes which have paralleled internal leads for some of their elements. 

If a circuit is tuned by a variable capacitor, reducing the inductanceby half will raise the maximum 
tunable frequency by somewhat more than 40 per cent. For instance, were the maximum frequency to be 
500 mc with a certain inductance, cutting the inductance to half the original value would raise the maximum 
frequency by a little above 700 mc. 

Reducing the inductance in a capacitor-tuned circuit will not increase the ratio of highest to lowest 
tunable frequencies. That is, were the original range to be 250 to 500 mc (a ratio of two-to-one), and were 
the maximum raised to 700 mc, the ratio still would be two- to-one and the minimum would be about 350 mc. 

The frequency ratio of a capacitor- tuned circuit can be increased only by getting rid of some of the 
stray, distributed, and tube capacitances. All these are fixed capacitances, and when they are very large 
the capacitance variation in an adjustable unit will have relatively little effect on total capacitance. When 
a circuit is tuned by variable inductance, a reduction of inductance will not only raise the maximum tunable 
frequency but also will increase the tuning range or ratio. 

Fig. 98-7. How inductance common to grid and plate circuits is avoided by using two cathode leads. 
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Some uhf tubes and many of those used at very-high frequencies have paralleled internal leads and two 
base pins for the cathode. The purpose of two cathode leads is not primarily a lessening of lead induc-
tance, it is to permit completing the r-f grid circuit to one cathode lead and completing the r-f plate circuit 

to the other cathode lead, as at the left in Fig. 98-7. 

Separating the two signal carrying circuits prevents the inductance and inductive reactance of a single 
cathode lead from appearing in both the plate and grid circuits, as would be the case at the right in Fig. 

98-7. Any cathode lead reactance which carries signal voltages in both the plate and the grid circuits acts 
much like a cathode resistor in causing degeneration and loss of gain. Of course, the two separate cathode 
connections may also reduce the total circuit inductance, but, as mentioned, this is not the principal pur-
pose of such construction. 

TRANSIT TIME. Transit time is the length of time required for electrons to pass from one element to 
another inside a tube, usually from the cathode to the plate. The greater the plate voltage, with reference 
to the cathode, the faster the electrons are caused to travel and the shorter becomes the transit time. 
Transit time is shortened also by designing the tube with less separation between the elements. 

Transit time has no important effects at moderate frequencies, such as those used in i-f amplifiers. 
This fact is illustrated by the diagram at the left in Fig. 93-8. The distance from cathode to plate is as-
sumed to be 8/100 inch. Plate potential is 150 volts at the instant in a signal cycle at which the action 
is supposed to take place. Transit time from cathode to plate is about 0.0056 microsecond. 

-A 
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-- — 
SIGNAL 
VOLTAGE 
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Fig. 98-8. At high-frequencies the transit time takes up very little of a signal cycle, but at ultra high 
frequencies it may take a large portion of a cycle. 
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Down below is represented one signal cycle when the frequency is 23.75 mc. The time for one cycle 

is about 0.038 microsecond. If you divide the transit time by the time for one cycle, and change the fraction 
to electrical degrees, it will appear that the electrons go from cathode to plate during only about 5.2 de-
grees out of the total 360 degrees in the signal cycle. During these few degrees the alternating signal 
voltage on the plate can .change very little. This means that electrons will travel at practically uniform 
speed all the way from cathode to plate. 

Now look at the right-hand diagram. Distance from cathode to plate is the same as before, as are also 
the instantaneous plate potential and the transit time. But signal frequency has been raised to 470 m c. As 
shown below the tube symbol, one signal cycle now takes only about 0.00213 microsecond, and the transit 
time is equal to more than 90 degrees of the cycle. 

At the ultra-high frequency of 470 mc a bunch of electrons would start from the cathode toward the 

plate while plate potential is 150 volts. Before these electrons would have time to reach the plate, the 
signal cycle would have gone through more than 90 degrees and plate potential would have changed by ap-

proximately the full signal amplitude. 

Because now thete are large changes of plate potential during electron transit time, the electrons be-
:ween cathode and plate are caused to travel at varying speeds during every signal cycle. At the higher 
speeds the electrons are spread farther apart, and at lower speeds they crowd closer together. It is like 
the spreading and crowding of contestants on a race track when some of them run faster while others run 

slower. 

During any one signal cycle at the frequency of 21.75 mc all the electrons in the space between cath-
ode and plate are uniformly spread out, as at the left in Fig. 98-9. This is because plate potential remains 
almost unchanged during each entire signal cycle. But at the ultra-high frequency, the electrons are not 
uniformly distributed. As shown at the right, there is greater concentration where the electrons have been 
slowed by drops of signal voltage, and there is less concentration where they have been speeded up by a 

rise of signal voltage. 

What happens is this. Electrons arrive at the plate in bunches rather than at a rate which is uniform 
during each signal cycle. These electrons form the plate current. Because they do not arrive at the plate 
in phase with changes of signal voltage on the plate, the plate current gets out of phase with plate voltage. 
The greater this phase difference the less becomes the signal power output from the tube. When frequency 
becomes so high that transit time is equal to a half-cycle of the signal, no signal power can be obtained 

from the plate circuit. 

INPUT IIIPEDANCES OF TUBES. While studying broad-band high-frequency amplifiers we learned 
that many difficulties arise because of the small reactances or impedances in grid circuits. We found that 
reactance due to input capacitance of the tube drops rapidly with increase of frequency, and seriously 
limits the amplification even when using tubes of high transconductance. At ultra-high frequencies this 
loss of gain is far greater than at very-high frequencies. 

Impedance at the grid- cathode input of the tube will be lowered still further if the cathode lead is part 
of both the grid circuit and the plate circuit, as at the right in Fig. 98-7. This comes about because in-
ductive reactance of the common lead has much the same effect as a resistance connected across the grid 
circuit. It is true also that degeneration becomes greater as frequency goes up. 
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Fig. 98-9. Electrons which exe uniformly distributed in the cathode-plate space at high frequencies tend 
to travel in bunches at ultra-high frequencies. 

Next we come to a trouble called electron loading of the grid, which results from transit time effects. 
If you look back at the diagrams illustrating transit times you will notice that no grid was shown in the 
tube symbols. Now we shall add the grid. In discussing what happens at the grid you must keep in mind 
that, at frequencies where transit time becomes a considerable portion of a signal cycle time, the electrons 
are not uniformly distributed in the space between cathode and plate. This was illustrated at the right in 
Fig. 98-9. 

The diagram at the left in Fig. 98-10 represents conditions during the signal half- cycle in which the 
grid is made less negative than the bias voltage. A heavy concentration of electrons is arriving at the grid 
from the cathode, while electrons between the grid and plate are spread more thinly. It is apparent that 
more electrons are arriving at the grid than are leaving the grid. 

The difference between arriving and leaving quantities of electrons must flowthrough the external grid 
circuit in the direction shown by arrows. This direction of external flow through any impedance or resis-
tance in the grid circuit is such as to make the grid more negative. it is counteracting, to a greateror less 
extent, the signal voltage which is making the grid less negative. 

The right-hand diagram illustrates conditions during the opposite half- cycle of signal voltage, during 
which the signal is making the grid more negative than the bias voltage. Now there is a heavy concen-

tration of electrons between the grid and plate. More electrons are leaving the grid than are arriving at the 
grid. The difference must come through the external grid circuit in the direction indicated by arrows. This 
direction is such as to make the grid less negative, and again we find the external electron flow acting to 

oppose the signal voltage. 

These alternating electron flows in the external grid circuit are maintained only at the expense of 
signal energy. Part of the signal energy is being used to maintain grid currents instead of being amplified. 
This "electron loading of the grid" increases as the square of the operating frequency. It would be three 
to four times as bad at 890 mc as at 470 mc. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 98 — Page 11 

SIGNAL MAKING 

GRID LESS 

NEGATIVE 

TRANSIT TIME 

EF FECT 

SIGNAL MAKING 

GRID MORE 

NEGATIVE 

TRANSIT TIME 

E FFECT 

Fig. 98-10. flow transit time effect may cause alternating currents to flow in the grid circuit at ultra-high 
frequencies. 

Now for one final difficulty in the tube. In order .to have enough voltage gain to overcome all the 
energy losses it is necessary to use tubes having high transconductance. But in any tube of high trans-
conductance the grid must be made with many turns per inch, and must be located close to the cathode. 
More grid wires, with very little vacuum space between them and the cathode, will increase the capaci-

tance between grid and cathode. This lessens the input reactance or impedance. It is unfortunate, but 
always true, that input impedance goes down as transconductance goes up. 

Fig. 98-11 pictures an Acorn tube. It is one of the earliest designs developed especially for satis-
factory operation at ultra-high frequencies, and is still one of the types best suited for such operation. The 
element leads in this particular Acorn type do not come out through either end of the envelope, they pass 
radially outward through a ring- like extension of the glass and are thus so widely separated as to minimize. 
the capacitance between leads. The elements are closely spaced, to reduce transit time. These tubes re-
quire a special kind of socket, called a radial socket. 

TUNING AT ULTRI-HIGII FREQUENCIES. We learned long ago that any combination of capaci-
tance and inductance is resonant at some certain frequency. If we increase the capacitance while keeping 
the frequency unchanged it is necessary to reduce the inductance. It is necessary to reduce the capaci-
tance if more inductance is to be used with no change of resonant frequency. It so happens that, for any 
given resonant frequency, there is only one possible product of capacitance and inductance. This product 
of capacitance multiplied by inductance is called the oscillation constant for the given frequency. 

When measuring capacitance in micro-microfarads and inductance in microhenrys the oscillation con-
stant for 1 mc ( 1,000kc) is 25,330. A circuit which is to be resonant at this frequency may be made with 

any value of capacitance and any value of inductance, so long as their product is 25,330. If the product is 
anything else the circuit cannot be resonant at 1 mc. For resonance at this frequency we might use 2533 
mmf of capacitance and 10 microhenrys of inductance, giving a product of 25,330. We might use 10 mmf of 
capacitance and 2533 microhenrys of inductance, and the circuit would be resonant at 1 mc. We could use 
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Fig. QR-11. This is a type of Acorn tube which will operate at frequencies as high as 1,200 megacycles. 

any other imaginable combination of capacitance and inductance which, multiplied togethek, give 25,330, 
and the circuit would be resonant at 1 mc. 

The oscillation constant for the ultra-high frequency of 470 mc is 0.1117, and for 890 mc it is 0.0312. 
Et is possible to use any combinations of capacitance and inductance whose products are these oscillation 
constants, and the circuits will tune to 470 mc and to 890 mc. Both constants are such small fractions 
that it is plain we shall need very small inductance and very small capacitance in this tuning range. 

As we learned earlier in this lesson it is not difficult to obtain small inductances if we employ short 
connections, large conductors, and maybe use paralleled connections. Supposing, for an example, we were 
to build a circuit in which the total inductance is 0.0100 microheniy. What capacitances will tune this in-
ductance to 470 mc and to 890 mc? We need only divide the respective oscillation constants by the as-
sumed value of inductance to find the answers, thus. 

For 470 mc. 

For 890 mc. 

0.1147 (the constant) 

0.0100 (microhenrys) 

0.0312 (the constant) 

0.0100 (microhenrys) 

— 11.17 mmf capacitance. 

3.12 mmf capacitance. 
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Fig. 98-12. The three-plate capacitor with minimum capacitance of 3 mmf. 

The variable capacitor of Fig. 98-12 has minimum capacitance of about 3 mmf and maximum capaci-
tance of about 15 mmf. According to our figures, this variable capacitor, with an inductance of 0.0100 
microhenry, should more than cover the tuning range from 470 to 890 Inc. 

But we have forgotten a few things. To make either an amplifier or an oscillator we need more than 
capacitance and inductance. We need a tube, and we need connections between the tube and the resonant 
circuit. The tube will have input capacitance, and there will be stray capacitance in the wiring connections 
and between all .metal parts of the circuit which are separated by air and by insulating supports. 

Among the tubes which will operate at frequencies up to 1,000 mc there are some having input capaci-
tances as small as 1.8 to 2.0 mmf. By very careful design and layout it might be possible to keep the stray 
circuit capacitances as low as 2.5 rnmf. The tube capacitance and the stray capacitance will be fixed, 
they cannot be varied during tuning. Their sum will be at least 4.3 mmf. 

Now look at diagram A of Fig. 98-13. With the plates of our variable capacitor all the way out of mesh 
its capacitance is 3 mmf. To this we must add the fixed capacitance of 4.3 mmf to make a total minimum 

capacitance of 7.3 mmf. With the plates of the variable capacitor fully in mesh, as at B, its capacitance is 
15 mmf. Adding the fixed capacitance of 13 mmf gives a maximum tuning capacitance of 19.3 mmf. 

When these actual minimum and maximum capacitances are used with the inductance of 0.0100 micro-
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Fig. 98-13. Tuning throughout the uhf television band with any ordinary variable capacitor is a practical 
impossibility. 

henry the circuit won't tune from 470 to 890 me, it will tune from about 363 mc to 590 mc. This is a tuning 
range much too low for the uhf television band. 

The inductance of 0.0100 microhenry cannot possibly be tuned to 890 mc in a circuit having the as-
sumed tube and stray capacitances. This is evident from examination of our original figures, for the total 
tube and stray capacitance is 4.3 mmf and we require minimum capacitance of 3,12 mmf. Even with no vari-
able capacitor at all, we still couldn't tune as high as 890 mc with our assumed circuit. 

Supposing we could bring the inductance down to half its former value, or to 0.0050 microhenry. What 
now will happen is illustrated at C and D of Fig. 98-13. Dividing this new inductance into the oscillation 
constants shows that minimum and maximum tuning capacitances must be 6.24 mmf and 22.94 mmf. From 
these totals we must subtract the total fixed capacitance of 4.3 mmf in order to find the change needed in a 
variable tuning capacitor, like this. 

Required total capacitance, mmf. 

Fixed tube and stray capacitance. 

Change in variable capacitor. 

6.21 minimum 22.94 maximum 

4.30 1.30 

1.91 minimum 18.64 maximum 
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Now we run into another difficulty. No commercial design of variable capacitor having minimum ca-
pacitance of less than 2 mmf has a maximum as great as 18 mmf, and none with a maximum of 18 mmf can 
have a minimum so small as 2 mmf. If there are enough plates to reach the maximum, the minimum remaining 
between the rotor and stator with the plates all the way out of mesh is too great. If the plates are small 
enough and few enough for the desired minimum chpacitance they won't have enough total surface area to 
reach the required maximum capacitance. 

We might start all over again with a variable inductor for tuning, and use fixed capacitance. The end 
result would be generally the same. We couldn't cover the entire uhf television band with any variable 
tuning inductor which could be sold for a reasonable price. If the inductor is small enough to get down-to 
the required minimum it won't be big enough to reach the maximum, If there is enough conductor to reach 
the required maximum inductance there will be too much to get down to the necessary minimum. 

Tuned circuits employing common forms of variable capacitors or variable inductors can be used suc-
cessfully at the very-high frequencies, up to 300 mc, and also at all lower radio frequencies. At these 
frequencies most of the circuit capacitance and inductance can be concentrated in a capacitor or an in-
ductor. -. Capacitors are said to have "lumped" capacitance, because it is concentrated wituin small space. 
Inductors or coils are said to have "lumped" inductance, for a similar reason. 

Fig. 08-11.. Fixed capacitors, resistors, and r-f chokes are mounted on tube socket lugs 6r as close as 
possible to the lugs. 
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Ordinary lumped capacitances and inductances are difficult or impossible to use for continuously vari-
able tuning throughout the uhf television band. Instead we must resort to circuits in which the capacitances 
and inductances are distributed instead of lumped, or must use special modifications of lumped elements. 

The tuning troubles which have been outlined are those encountered when we attempt to build circuits 
which can be tuned continuously through the whole range of the uhf television band. On the other hand, it 
is not hard to build a circuit which will be resonant at any one ultra-high frequency, for then we are not 

confronted with the difficulties of varying the capacitance or the inductance over wide limits. 

As you know, most tuners for the vhf television channels 2 through 13 are madewith separate resonant 
circuits or parts of circuits individually tuned for each channel. This avoids the difficulties of wide-band 
tuning where there are fixed tube and circuit capacitances and inductances to be considered. This practice 
is followed also in uhf tuners which are to work in only one channel, or, at the most in a limited- number of 
channels. To extend the practice to a tuner with separate resonant circuits or sections of circuits for all 

of the uhf channels would be commercially out of the question, in both size and cost. In order to have con-
tinuous tuning through all these channels we shall have to play various interesting electrical tricks with 

resonant circuits. 

CIRCUIT PUTS AND WIRING. Certain methods and practices must be followed in all uhf appa-
ratus, no matter what the type of resonant circuit employed. As we have learned, all leads and connections 
must be very short in order to reduce their inductances. Capacitors, resistors, and r-f chokes are mounted 
as close as possible to the lugs of tube sockets. These circuit elements usually are supported at one end 
on the socket lugs, about as shown by Fig. 9g-14. When one side of a capacitor, resistor, or r-f choke 
connects to a tube element, and the other side to ground or to a supply voltage, any extra length of lead 

should be on this latter si-de of the unit. 

Capacitance, other than used intentionally in resonant circuits, must be kept at a minimum. We must 
remember that there is capacitance between every metal part and every other metal part from which it is 
spaced or supported by any kind of insulation, including air. The less- the separation the greater will be 
the undesired capacitance, and the greater the transfer or loss of energy. All parts containing metal should 
be of small physical size, because the metal acts like the plates of a capacitor and the insulation acts as 

the dielectric. 

All insulating supports and spacers must be considered as dielectric. The only permissible kinds are 
special low-loss phenolic compounds, ceramics, and plastics such as polystyrene. Regardless of the kinds 
of material used, there should be the least practicable quantity of dielectric substances, other than air. 

Uhf currents and voltages must be confined to the resonant or tuned circuits so far as is feasible. In 
diagram 1 of Fig. 98-15 the resonant circuits represented by symbols for inductance and capacitance actu-

ally may be any of the types to be described later. 

High-frequency currents in circuit A return to the cathode through a direct conductor. High-frequency 
currents in circuit B complete their path to the cathode through bypass capacitor Ch. Passage of these 

currents into the B-supply portions of the apparatus is opposed by voltage dropping resistor fib. In dia-
gram 2 the grid return is not made directly to ground and the cathode. This requires that the grid circuit 
be bypassed to the common ground and the cathode in the same manner as the plate circuit. Separated 
grounds to different points on the chasses metal are likely to cause unwanted couplings and either regener-

ation or degeneration. 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 98 — Page 17 

o 
A I „, 

'i• 
1_ _ 

Rb 

Fig. 98-15. Confining uhf currents to resonant grid and plate circuits with the help of bypass capacitors. 

With tubes having heater cathodes it is desirable to keep the cathode and heater at the same r-f po-
tential in order to prevent energy transfer and loss from occuring in the high resistance between these two 
parts. This may be accomplished as in diagram 3, by connecting bypass capacitors from each heater lead 

to the cathode or the common ground. 

Bypass capacitors for uhf circuits ordinarily need be of values no greater than 100 mmf. Reactance of 
this capacitance at the low end of the uhf television band is about 3.1 ohms, and at the high end is only 
1.8 ohms. The conductors within a capacitor possess inductance, and when a capacitor of large physical 
size is used at ultra-high frequencies this inductance may act with the capacitance to cause resonance at 
some frequency within the band. This is one of the reasons for using small tubular ceramic capacitors in 

most uhf circuits. 

Wire wound resistors must not be used in uhf apparatus, other than in power supply circuits, because 
of the large inductance in such units. All resistors, no matter how constructed, possess some small in-
ductance, and all have some capacitance between their leads or terminals. Instead of pure resistance at 
ultra-high frequencies there is likely to be capacitive reactance combined with the resistance to provide 
impedance much lower than the rated resistance value. Trouble is unlikely from resonance effects of in-
ductance and capacitance because the relatively high resistance prevents appreciable peaking. 

Voltage-dropping resistors in plate circuits and isolating resistors in grid circuits help to confine uhf 

currents to the resonant circuits, as illustrated at 1 and 2 of Fig. 98-15. When such resistors are not 
present the resonant circuits may be isolated with the help of r-f chokes. Often It is an advantage to use 
chokes in addition to resistors. A number of circuit-isolating r-f chokes are visible on the oscillator 

pictured by Fig. 98-1. 

Fig. 98-16 illustrates several methods of using r-f chokes, all of which are marked RFC. In diagram 1 
there is grid-leak biasing of the tube. RFC-1 is in series with grid resistor to oppose flow of uhf cur-

rents through this path. RFC-2 is in series with the B-supply lead to oppose passage of uhf currents into 
the power supply, while an easy path is provided through bypass capacitor Cb to the cathode. RFC-3 and 
RFC-4 are in series with the heater leads. They oppose escape of uhf currents which otherwise might pass 
from the cathode through the cathode-heater capacitance to the heater circuit. 
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Fig. 98-16. Isolating the resonant circuits and their uhf currents by means of r-f chokes and bypass 
capacitors. 

Diagram 2 shows a grid circuit from which there is a connection to a fixed bias voltage. An r-f choke 
is in series with the lead to the bias voltage, opposing escape of uhf currents to the bias supply and 
forcing them to take the path through bypass capacitor Cd to the cathode. The remainder of the tube circuit 
might be as shown by diagram 1. 

Diagram 3 of Fig. 98-16 illustrates a method of isolating the uhf grid and plate circuits from chassis 
ground, while allowing a d-c grid return path and also completion of the B-minus side of the plate power 
supply through chassis ground. The essential feature is RFC-1 connected between the cathode arid ground. 
The uhf grid circuit is completed to the cathode through bypass capacitor Cd, while being isolated from the 
bias supply and ground by RFC-2. The uhf plaie circuit is completed to the cathode through bypass Cb, 
while being isolated from the plate supply and ground by RFC-3. Note that all parts of the resonant cir-
cuits, including the cathode connections, are isolated from ground and grounded circuits by the r-f chokes. 

R-f chokes for uhf circuits usually are wound on tubular or cylindrical forms of low-loss dielectric ma-
terial. The chokes must have small distributed capacitance, which requires using single-layer, honeycomb, 
or spaced-turn windings on forms having a low dielectric constant. Inductances usually are between and 

microhenry. The chokes visible in Fig. 98-1 are space wound with bare copper wire on polystyrene 

rods to have measured inductance of about one microhenry. The reactance of one microhenry at 1.70 m c is 
about 2950 ohms, and at 890 mc is about 5600 ohms. 

If chokes of identical inductance and construction are used in both the plate circuit and the grid cir-
cuit, the two chokes may be self-resonant due to their inductance and distributed capacitance. The chokes 
and the tube then may act as a tuned-grid tuned-plate oscillator at some frequency in or outside the oper-
ating band, and may cause considerable loss of energy. 

When two or more r-f chokes are connected to the same tube or in the saine amplifying system the seve-
ral chokes should be positioned with reference to one another so that there is the least possible coupling. 
Wide separations and positions with axes mutually at right angles will help. Otherwise the chokes should 
be separated by shielding. 
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TUNERS FOR ULTRA-HIGH FREQUENCIES 

In the design of r-f amplifiers for operation at ultra-high frequencies it is necessary to overcome two 
major difficulties. First, in order to use a triode we must prevent the oscillation which tends to occur 
because of feedback through the rather large grid-plate capacitance in this type of tube. This feedback 
problem may be overcome by using a grounded grid circuit. Second, because uhf signals brought to the 
r-f amplifier will be very weak, the matter of noise voltages becomes serious. You will recall that signal 
voltage must be well in . excess of all noise voltages if reception is to be satisfactory. Since the uhf 
signal is bound to be weak, the only solution is reduction of tube and circuit noise voltages. This can 
be done by using what is called a cascode r-f amplifier. 

GROUNDED GRID AMPLIFIER. A circuit arrangement commonly used for grounded grid r-f amplifiers 
is shown by Fig. 99-1. Antenna signal input is through capacitor Cc to the cathode of the amplifier. 
Inductor L provides a reactance or impedance across which the signal voltage is developed. This induc-
tor may be varied to suit the frequency band or to help in matching the antenna impedance. Resistor jj 
is for cathode bias, and capacitor Ck is the bypass for the bias system. 

The grounded grid acts as a shield between the cathode input circuit and the plate output circuit. 
This shielding so reduces back coupling between output and input circuits as to prevent oscillation. An 
incidental effect is reduction of radiation from r-f oscillator potentials which otherwise could pass•through 
the r-f amplifier to the antenna. The bias resistor and its bypass may be anywhere in the d-c path between 
cathode and ground or B-minus. Two alternative positions are shown by the small sketches at the bottom 
of Fig. 99-1. 

Grounded grid r-f amplifiers are used in some vhf television tuners. The tubes sometimes are triodes 
and again are pentodes connected as triodes. Special grounded grid amplifier tubes, such as the 6J4 
triode, are more suitable for uhf circuits. As shown by Fig. 99-2, this tube has three paralleled internal 
leads and three base pins for the grid. With all three pins connected to the common ground there is mini-
mum inductance and inductive reactance in the leads and connections. Consequently, there can be only 
negligible reactive voltage developed between the grid and ground, and the shielding effect of the grid is 

much improved. Maximum capacitance between the plate and the combined cathode-heater is only about 
mmf. The heater should be kept at the same r-f potential as the cathode, this being accomplished by 

placing r-f chokes in both heater leads. 

Two triodes or a twin triode may be used in a push-pull grounded grid amplifier circuits as shown by 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No. 99 — Page 2 

= 

Cc 

ANTENNA 
COILS 

--= 

(— TO 
MIXER 

'I= 

Fig. 99-1. The grounded grid r-f amplifier which may be used at ultra-high frequencies. 

Fig. 99-3. The bias connection is made at the center of the tapped winding which is between the two 
cathodes, while plate voltage is fed to the center tap of the plate coil. 

CASCODE AMPLIFIERS. The elementary principle of the cascode amplifier system is illustrated by 
Fig. 99-4. There are two triodes which, in actual practice, usually are the two sections of a twin triode 
tube. Signal input to the first section is between its grid and cathode. The plate of this section is 
directly connected to the cathode of the second section. The second section is a grounded grid ampli-
fier, with signal input to its cathode, with the grounded grid acting as a shield, and with signal output 
from the plate. 

The plate load for the first section is the impedance between the cathode and the grounded grid of the 
second section. This small load impedance and the resulting small gain in the first section prevent 
plate-to-grid feedback and oscillation in this section. There will be no oscillation in the second section 
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Fig. 99-2. Connections to a grounded grid amp ifier tube in which there are three paralleled leads and 
three base pins for the grid. 

because of the grounded grid. The grounded grid section has high mutual conductance. The overall result 
is an amplifier having the low noise level which is possible with triodes, combined with the high gain and 
freedom from oscillation such as usually found only with pentodes. 

Fig. 99-3. A push-pull grounded-grid r-f amplifier circuit. 
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Fig. 99-4. In the cascode amplifier system the plate of the first tube is directly connected to the cathode 
of the second grounded-grid amplifier. 

' The two triodes are in series so far as electron flow is concerned. This flow from B-minus of the power 

supply is through the bias resistor to the cathode of the first section, thence from this cathode to the 
first plate, and from this plate to the cathode of the second section. The electron flow goes from cathode 
to plate in the second section, and from the second plate to B-plus of the power supply. The overall 
B-voltage divides between the two sections. Plate voltages must be measured between plates and cath-
odes of the respective sections. 
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NEUTRALIZING 

I( 

AGC B+ 

OUTPUT 

Fig. 99-5. Connections for a complete cascode amplifier system. 
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Cathode bias is applied only to the first section. Any automatic gain-control voltage is applied only 
to the grid of the first section. Every change of bias or of grid voltage on this first section changes the 
plate current in both sections, since they are connected in series on the B-supply. Thus the effect of 
biasing and of grid voltage on the first section is applied also to the second section. Whatever causes 
increase of plate current in the first section causes an equal change of plate current in the second sec-
tion, and every decrease of plate current occurs equally in both sections. 

A more complete cascode amplifier system is shown by Fig. 99-5, where the tube is a twin triode. Be-
tween the plate and grid of the first section is a neutralizing network which reduces the effect of grid-
plate capacitance in this section and the effect of internal coupling between elements of the two sections. 

Instead of this opposite-phase feedback from plate to grid of the first section, a feedback arranged to be 
equivalent in phase may be taken from the plate circuit of the second section. This is one of the minor 
variations found in different applications of the cascode amplifier. 

The grid of the second section in Fig. 99-5 is not directly grounded, but is effectively grounded for all 
r-f currents through Capacitor Cg. This unit usually has capacitance of 1,000 to 1,500mmf. The d-c grid 
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Fig. 99-6. Mixer circuits employing tubes and crystal diodes. 
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return circuit is completed to the second cathode through resistor  Itg, of about one-half megohm in most 
cases. 

Several twin triodes have been designed especially for use in cascode amplifiers, among them the 9-pin 
miniatures of types 6BQ7 and 6BK7. One of the more noticeable features is a large internal shield be-
tween the two sections for the purpose of reducing intersection coupling to a minimum. Although the two 
plate structures have areas of about 0.14 square inch and are separated by less than 0.2 inch, the plate-
to-plate capacitance has a maximum value of only about 0.01 mmf. 

The twin triodes just mentioned are suitable for operation at frequencies no higher than about 300 mc, 
consequently cannot be used as r-f amplifiers at ultra-high frequencies. They are, however, widely em-
ployed for amplification of the mixer output in uhf tuners. Thus operated at a fixed frequency these tubes 
allow high gain and an exceptionally low noise level. 

(7.9 UHF MIXERS. The mixer in a uhf tuner may be a triode tube or it may be either a diode tube or a 
crystal diode. There are many possible circuit arrangements for any of these elements. The essential 
feature is that carrier signal voltage and r-f oscillator voltage be brought together in a tube or crystal 
which acts as a rectifier. Then, as with any mixer circuit, the output will contain sum and difference 
frequencies, of which one will be the desired intermediate frequency. 

One type of triode mixer circuit is shown at A in Fig. 99-6. Carrier frequency voltage is applied to the 
cathode, in whose lead to ground and B-minus there is an r-f choke in series with the bias resistor and 
its bypass capacitor. Voltage from the r-f oscillator is applied to the grid. At B is a simple mixer cir-
cuit employing a diode tube. Carrier-frequency voltage is applied to the diode plate while voltage from 
the r-f oscillator is applied to the cathode. 

Any mixer tube must be capable of operating at ultra-high frequencies. Triodes of types suitable for uhf 
amplifiers or oscillators make satisfactory mixers. There are a few diode tubes which will be satisfactory 
at ultra-high frequencies. With others their capacitances and inductances in elements and leads become 
self-resonant in the uhf television band. For example, the familiar 6AL5 twin diode will be self-resonant 
somewhere around 700 mc. 

There are crystal diodes of both germanium and silicon types which have been especially developed 
for operation as uhf mixers. In this class are the 1N72 germanium diode and the 1N82 silicon diode. In 
all the crystals there is a signal energy loss of 60 to 70 per cent during the conversion process, which 
makes it necessary to follow these mixers with an r-f amplifier stage. This amplifier usually is a cascode 
type. Crystal mixers have the advantages of freedom from transit time effects and of operation at low 
noise levels. Typical crystal mixer circuits are shown at C and D of Fig. 99-6. 

Fig. 99-7 shows at the left a uhf mixer crystal of the 1N72 type. At the right is a type 9006 diode tube 
which will operate satisfactorily at frequencies up to about 1,400 mc. This tube is in an envelope even 
smaller than that used for most of the miniature tubes. 

UHF OSCILLATORS. There are many oscillator tubes which will operate at frequencies all the way 
up to 30,000 mc, although most of the types designed for the upper end of the ultra-high frequencies and 
for the super-high frequencies would be too costly for use in commercially priced tuners and receivers. 
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Fig. 99-7. A crystal diode designed for uhf mixing, and a diode tube which operates satisfactorily at 
ultra-high frequencies. 

Fig. 99-8 is a cut-away view of a magnetron in which electrons are deflected by a strong magnetic field 
in their travel from cathode to plate. The complete resonant circuit is built into the tube structure. These 
units seldom are made for work below 2,000 mc, and go from there to the top of the super-high frequency 
range. Any one tube has only a limited range of frequency adjustment. 

Fig. 99-8. Construction of a magnetron oscillator used at super-high frequencies. 
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Another tube used as either an amplifier or oscillator in bands from around 1,200 mc. all up through the 
super-high frequencies is the reflex klystron. This type operates by virtue of the electron bunching which 
results from transit times that are long in relation to signal cycles. Of more interest in our present work 
are the miniatures and the Acorn types which are designed for the uhf television band. 

One of the principal difficulties with uhf oscillators is frequency drift. Unless such drift is reduced by 

effective methods it may be necessary to retune a receiver several times during the first 10 to 20 minutes 
of operation. In the middle of the uhf television band, at 680 mc, a change through the frequencies of one 
entire channel means a drift of only about 0.9 per cent in frequency, and a drift half way through the range 
of video frequencies (about 2 mc) would require a drift of only about 0.3 per cent. At the top of the uhf 
band, 390 mc, all the frequencies in a channel extend over only about two-thirds of one per cent of the 
operating frequency, and between the video carrier of one channel and the sound carrier of an adjacent 
channel the difference is only about one-sixth of one per cent. 

Oscillator frequency is altered by any variation of tube voltages. The result is reduction of oscillator 
power output, a change in relation of harmonic frequencies to the fundamental, and a change of internal 
reactances due to alteration of the internal capacitances and inductances of the tube. The most effective 
remedy is to maintain nearly constant plate and grid voltages with the help of voltage regulating tubes or 
voltage regulating power transformers, although either of these methods adds quite materially to the cost 
of a receiver 

Changes of temperature causes circuit parts to expand or contract. In inductors of all types, including 
resonant lines, a rise of temperature nearly always causes the operating frequency to decrease. The ef-
fect is increased by increase .of skin effect in all the conductors. The obvious remedy is to employ tem-
perature compensating capacitors in the oscillator resonant circuit. 

Sudden variations of oscillator frequency may occur due to vibration when the mechanical design and 
construction is not rigid and free from parts which are unduly elastic. There may be gradual changes of 
frequency due to the use of dielectric materials which shrink or warp with age. high grade ceramics suffer 
the least from such effects. Ultra-high frequencies may be varied quite materially even by changes of 
atmospheric humidity in warm weather. 

It is essential that all parts of the oscillator system be well shielded in order to prevent direct radiation 
not only within the tuner or receiver but to other nearby receivers. 

When the r-f oscillator is capable of delivering much more output energy than actually fed to the mixer 
the loading of the oscillator has little effect on operating frequency. If, however, the mixer takes a con-
siderable part of the possible oscillator output, any changes in the other circuits connected to the mixer 
will alter the oscillator frequency. Under such conditions the frequency will be more stable when the 
oscillator resonant circuit contains large capacitance in relation to inductance. This makes it practicable 
to track the frequency of the r-f oscillator with the frequency picked up in the channel selector by using 
very small adjustable capacitors for both ends of the band. The low end of the band may be tracked with 
a capacitor in parallel with the resonant circuit, and the high end with another capacitor in series with 
the grid or between the grid and the resonant circuit. 

TUNED CIRCUITS. There are numerons ways in which small inductances, capacitances, or both may 
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Fig. 99-9. A butterfly capacitor adjusted for minimum capacitance and for about half the maximum capaci-
tance. 

be varied in order to tune a circuit to resonance through a range of frequencies. For example, the total 
inductance of paralleled conductors may be altered by connecting a greater or less number of such con-
ductors into the resonant circuit. A single conductor will provide maximum inductance, two similar con-

ductors in parallel will drop the inductance to approximately one-half, three conductors will drop it to 
about one-third, and so on. 

Another way of reducing the inductance of paralleled conductors is to move strips or vanes of metal 
into the spaces between the conductors. The greater the portions of the spaces which are taken up by 
the movable vanes, the less becomes the inductance. Inductance is reduced because less space remains 
for magnetic lines of force around the active inductors. 

Rhen an inductor is in the form of a small loop or part of a circle, moving a copper plate across the 
face of the loop, but not making contact, will reduce the inductance. Although these and generally equiv-
alent methods of altering the tuning inductance sometimes are employed in uhf apparatus, none of them 
used alone give enough change for tuning through the entire uhf television range without dividing the 
channels into several bands and employing band switching. 
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Tuning capacitors of ordinary construction may be designed to have small minimum and maximum capac-
itances, but they have the objectionable feature that uhf currents must flow in the sliding contacts of the 
rotor shaft bearings. This objection is overcome in a design called a butterfly capacitor. The principle 
of the butterfly capacitor is illustrated by the drawings at the top of Fig. 99-9, while actual construction 
of a typical unit is shown 1, the pictures down below. 

Tile butterfly stator consists of two opposite positioned and separately insulated groups of plates, 
each plate having the approximate form of a quarter circle. There is no conductive connection between 
the two sections of the stator. The rotor consists of plates having the form of two quarter-circles joined 
at the center and mounted on the tuning shaft. It is the shape of these rotor plates that gives the butterfly 
capacitor its name. 

The ends of a circuit with which the butterfly capacitor is to be in series are connected to the two 
opposite stator sections. Alternating currents pass into one stator section and out of the other stator 
section, and from each stator section there is capacitance to the common rotor. No alternating currents 
have to pass into and out of the rotor. There is minimum capacitance with the rotor plates all the way 
out of mesh with the stators, as at the left, and capacitance is increased as the rotor plates are moved 
into mesh with the stators, as at the right. 

If 

AIX 

Fig. 99-10. A butterfly oscillator which is designed to operate at very-high frequencies and in the lower 
range of ultra-high frequencies. 

A 
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Fig. 99-11. The plates and spacers for the stator portion of a butterfly tuner. 

The rotor of the butterfly capacitor usually is connected to ground, which tends to lessen the ill effects 
of body capacitance during tuning. When this type of capacitor is used in the manner described, with the 
two stator sections in series, the effective capacitances are half those at which the unit is rated. For 
instance, a butterfly capacitor having ratings of 4 mrnf minimum and 16 mrnf maximum capacitance will 
have series values of 2 mmf minimum and 8 mrnf maximum. 

BUTTERFLY TUNER. The butterfly capacitor and inductance variation by change of magnetic field 
space are combined in a most ingenious manner to form the butterfly tuning circuit. Fig. 99-10 is a pic-
ture of an experimental oscillator of this general type, constructed with a commercial type of butterfly 
capacitor and with the necessary parts added. The tuning range is approximately from 200 to 460 mc. 
Oscillators employing the butterfly tuning circuit, but made with parts designed for the particular purpose, 
have tuning ranges as great as from 250 to 920 mc, without band switching. 

The stator assembly of a butterfly tuner is made with a number of platesshaped as shown at A in Fig. 
99-11. Adjacent plates are spaced apart with metal rings of the form shown at B. The plates of a butter-
fly rotor of ordinary form rotate in the spaces between these stator plates, without, of course, touching 
the stators. The outside of the completed stator assembly consists in effect of a metal ring with inward 
extensions, but with a large air space inside the ring. It is this ring that provides inductance for the 
tuned circuit. Variable tuning capacitance is provided by the stator and rotor plates, with air between 
them for the dielectric. 
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When the rotor plates are turned all the way into mesh with the stators, as represented at C the capaci-
tance of the butterfly capacitor is maximum. It is to be noted especially that, with the rotor in this posi-
tion, there remains maximum clear air space inside the inductor ring. Consequently, there is room for 
maximum magnetic field and there is maximum inductance. Now we have maximum inductance combined 
with maximum capacitance, and resonance will occur at the lowest frequency. 

At I) the rotor plates are shown all the way out of mesh with the stators. In this position of the butter-
fly there  is minimum capacitance. The metal of the rotor plates now almost fills the space within the 
outer ring of the stator assembly. Little clear space remains for magnetic lines of force, and inductance 
is reduced to its minimum. Now we have the combination of minimum inductance and minimum capaci-
tance, and resonance will occur at the highest frequency. 

In most tuning circuits either the capacitance or the inductance is reduced to raise the resonant fre-
quency, and either of these factors is increased to lower the resonant frequency. The frequency range 
is limited by the possible change of either capacitance or inductance. In the butterfly tuning circuit 
there is simultaneous reduction of both capacitance and inductance, and simultaneous increase of both 
factors. This accounts for the wide frequency range of the butterfly tuning circuit. 

Examination of Fig. 99-11 shows that the full tuning range is covered by moving the rotor one-quarter 
turn, as from the position at C to the position at D. This is true also of the simple butterfly capacitor 
illustrated by Fig. 99-9. Inductance of the butterfly tuner is decreased by using a thicker ourer ring, 
also by using a wider ring together with the added stator plates that go with extra width. The inductance 
varies also approximately as the square of diameter of the outer ring. Inductance of the ring is much less 
than that in a similar turn of. a coil, because the ring is a shorted turn and also because so much of the 
space within the ring always is taken up by the stator and rotor plates even when these are all the way 

in mesh. 

The manner of making circuit connections to the butterfly tuner is illustrated at A in Fig. 99-12, where 
a simple ultraudion oscillator is used as an example. Two points on opposite sides of the outer ring, in 
line with the centers of the stators, are equivalent to the opposite ends of an ordinary parallel resonant 
circuit consisting of a coil and capacitor. The plate of the oscillator tube is connected to one of these 
points, either one might be used, and the grid is connected to the other point. 

Midway between the two opposite points which correspond to the ends of a parallel resonant circuit is 

a point which is equivalent to a center tap on a coil, and to this point is connected the B-plus lead of 
the oscillator circuit. There is another neutral point or equivalent center tap on the opposite side of the 

ring, at b, and the I3-supply lead might be connected there instead of at the bottom. 

Energy at the oscillation frequency may be taken from the butterfly tuner with a small loop for inductive 
coupling placed near the ring as at B. This coupling is made preferably between the plate connection 
and either of the neutral points. The entire oscillator circuit is electrically equivalent to the more famil-
iar form shown at C. The butterfly tuner circuit may, of course, be used for applications other than oscil-
lators. The capacitor and stator ring assembly, also an inductive coupling, may be used in any manner 
that the parallel resonant circuit of diagram C might be used. 

RESONANT LINES FOR TUNING. When we studied transmission lines and resonant lines or stubs in 
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Fig. 99-12. Connections for a tube and an output coupling to a butterfly tuner, and the equivalent circuit. 

earlier lessons it was stated that resonant lines are important in ultra-high frequency circuits. These 
lines, which are tuned by varying their length, are used in uhf tuners for antenna circuits, mixer circuits, 
and oscillator circuits. Fig. 99-13 is a picture of a uhf tuning assembly in which adjustable shorted lines 
are used in all three circuits. 

Doubtless you will recall that resonant lines, either open or shorted at their far ends, are electrically 
equivalent to either series resonant circuits or to parallel resonant circuits when the lines are of certain 
fractions of a wavelength at the desired tuned frequency. Since tuning practically always is accomplished 
with parallel resonant circuits, we must use resonant lines which have the properties of parallel resonance. 

The properties of parallel resonance are possessed by a half-wave open line and also by a quarter-wave 
shorted line. Were we to use a half-wave open-ended line it would be difficult to vary the effective length 
during tuning by any simple mechanical means. It is easy to vary the effective length of a shorted line by 
sliding a shorting conductor or bar from point to point, thus giving a continuous variation. As a conse-
quence, we always use quarter-wave shorted lines for tuning. There is the further advantage that a quart-
er-wave line for any minimum frequency is only half the physical length of a half-wave line for the same 
frequency. 

In the structure of Fig. 99-13 the shorting brushes, clearly visible, are carried on rotor arms which are 
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Fig. 99-13. A uhf tuner employing resonant lines which are shorted at various lengths by adjustable 

contact fingers. 

turned by the tuning shaft. Each of the three resonant lines, for antenna, mixer, and oscillator, consists 
of two parallel conductors formed into nearly complete concentric circles to make the tuner more compact 
than were the lines to be straight. At one end of each pair of conductors are the terminals for connected 
circuits. The other ends of the lines, so far as tuning performance is concerned, are formed by the mov-

able shorting brushes. 

Quarter-wave shorted lines may be used at ultra-high frequencies in any of the ways that resonant cir-
cuits with lumped elements are used at very-high frequencies and at all lower radio frequencies. Some 
examples are illustrated by Fig. 99-14. At A the grid circuit of a triode is tuned by means of a shorted 
line. The effective length of the line is varied by moving the shorting bar. At the grid-cathode end of 
the shorted line there is maximum impedance at a frequency for which the effective or unshorted length 
of the line is equal to a quarter wavelength. This is just what happens when an ordinary parallel reson-

ant circuit is tuned to some certain frequency. 

The quarter-wave tuning line at A performs in the same manner as the lumped-element tuning circuit 
at B. The two sides of the resonant line and the shorting bar take the place of the familiar tuning coil 
and variable tuning capacitor. All other parts of the two circuits are similar. 

A plate circuit might be tuned with a quarter-wave shorted line as shown at C in Fig. 99-14. This 
arrangement is equivalent in performance to the coil-capacitor tuning circuit shown at D. Both the grid 
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circuit and the plate circuit could be tuned to the same or different frequencies by combining the resonant 

line arrangements of diagrams A and C with a single tube. 

The portion of a shorted quarter-wave line which is on the far side of the shorting bar has no effect on 
the frequency of resonance, and so far as electrical performance is concerned this portion of the line 
could be removed. As the shorting bar is moved toward the tube, all of the line on the far side of the 
short becomes electrically dead. The far ends often are connected together, as at A in Fig. 99-14, and 
used for any d-c connections to the tube elements. In the circuit shown at C the B-plus connection might 
be made to the far ends of the line conductors instead of to the plate of the tube. 

When a shorted line is connected to the elements of a tube there is maximum voltage and maximum im-
pedance across which the voltage is developed at the tube end of the line. At the point of shorting there 
is maximum current and minimum voltage. All this is as described in our earlier study of resonant lines. 
In a parallel resonant circuit consisting of a coil and capacitor there is maximum impedance at opposite 
ends of these two elements at resonance, but at the same time there is maximum current circulating back 
and forth between the coil and capacitor. This we learned when first becoming acquainted with the behav-

ior of resonant circuits. 

Resonant line tuning as commonly used for oscillators operating at ultra-high frequencies is illustrated 
by Fig. 99-15, with the electrical equivalents in the form of lumped capacitances and inductances. With 

o SHORTING BAR ) 

RFF CC 

BIAS = 

I D 

Fig. 99-14. how quarter-wave shorted lines may be used for tuning grid circuits and plate circuits. 
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the circuit shown at A and its equivalent at11,_ there is biasing by the grid-leak method and there is a 
connection from the plate of the tube to the B-voltage supply. Were the tuning capacitor omitted from 
diagram 13 the circuit would be recognized as the common form of Colpitts oscillator. 

In diagram C we again have grid-leak bias, as used for nearly all oscillators, but here the plate voltage 
and current are fed to the outer ends of the quarter-wave shorted line. When the equivalent circuit is made 
up as at 1.) it often is referred to as an ultraudion oscillator. 

At 470 mc, the bottom of the uhf television band, a quarter-wavelength in air or free space is about 6.28 
inches long. At 890 mc, the top of the uhf band, a quarter wave is about 3.32 inches long. To tune from 
the lowest to the highest frequency in this band the shorting bar on a quarter-wave line would have to be 
moved the difference between these distances, which is about 2.96 inches. 

As we learned when studying transmission lines, the actual length of lines of ordinary construction is 
somewhat less than the length in free space. This is because transmission lines ordinarily have insula-

tion, which brings in the velocity factor. Quarter-wave tuning lines are made with bare conductors, but 
in order to have mechanical stability these conductors must be mounted on or in some kind of insulating 
material. This makes the physical length of the line less than it would be were there no supports. There-
fore, the shorting bar does not have to be moved quite as far as 2.96 inches to cover the uhf television 
range. 

RFC 

B+ 

Fig. 99-15. How an oscillator may be tuned by means of a quarter-wave shorted line. 
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The actual line length is still further shortened by the effects of capacitances and inductances in the 
tube and connections. Were there no capacitances and inductances, the distance from the tube terminals 
or element terminals would be a quarter-wavelength at the tuned frequency. That is, when tuned to 890 inc 
the shorting bar would be about 3.32 inches from the tube elements. Actually the bar must be brought 
much closer to the tube elements The distance from the socket lugs to the tube end of the resonant line 
conductors usually is no more than an inch, or it may be less. The end of the resonant line which is 
toward the tube or between the shorting bar and the tube, includes not only any wiring connections, but 
also the socket lugs, the tube base pins, the internal leads of the tube, and any coupling or blocking 
capacitors which are found along this path. 

The effective length of a shorted line is varied by altering the capacitance of any capacitors which 
are in series with the line as shown by diagrams in Figs. 99-14 and 99-15. This applies to capacitors 

which are on either the grid side or the plate side of the circuit. These series capacitors often are of 
adjustable types, to allow alignment of the tuned circuits during manufacture and servicing. The effec-
tive length of a resonant line may be altered also by connecting an adjustable capacitor between the two 

line conductors. When such a capacitor is connected near the tube end of the line it will have a large 
effect on effective line length and tuning. Such paralleled capacitors are used for alignment in many uhf 
circuits. 

In preceding diagrams which have shown the principles of resonant line tuning, all the circuits have 
been made as simple as possible. Actually these circuits must include most or all of the features re-
quired by ultra-high frequency practice in general. This is true regardless of the method of tuning, whe-
ther with resonant lines, butterfly circuits, or anything else. 

At A in Fig. 16 are shown connections such as used in a typical oscillator circuit. There are r-f chokes 
in both heater leads. One side of the heater circuit is here completed through chassis ground, as is 
common practice. There is an r-f choke between the cathode and ground, and another between the plate 
and the B-supply. The grid returns and plate returns for uhf currents are made to a common ground. 

o 
HEATER B+ 

OUTPUT 

 e — 

Fig. 99-16. Shorted line circuits must include the usual means for circuit isolation, as at the left. An 
inductive output coupling is shown at the right. 
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One method of taking output energy from a resonant line oscillator is shown at B. A small loop is 
mounted in such position that it always is between the shorting bar and the tube terminals of the line, or 
so that it always is near an active part of the line. This is equivalent to the inductive coupling to an 

oscillator coil shown in the lower sketch. 

It is more common practice to take the oscillator output through a very small capacitor, as is usually 
done in apparatus working at lower frequencies. This oscillator coupling capacitor sometimes is con-
nected to the plate side of the resonant line. It seldom if ever is connected to the grid side. To avoid 
unbalancing the line or adding unduly to its effective length by loading of the output connection, the 
oscillator energy sometimes is taken to the mixer through a small capacitor connected to one of the heater 
leads. Oscillator energy then passes through the cathode-heater capacitance of the tube. 

In order to reduce radiation, the two conductors of a resonant line are placed no farther apart than 
about 2 per cent of the shortest wavelength to be received, and often they are but little more than 1 per 
cent of a wavelength from each other. For a frequency of 890 mc this means a separation of about a 
quarter-inch, or even less. On the other hand, if the two conductors are too close together there may be 

excessive energy loss due to eddy currents. 

At ultra-high frequencies every part of the oscillator system must be enclosed within grounded shields. 
This applies to the oscillator tube, to whatever type of tuning circuit may be employed, and to all con-

nections between the tube socket and the tuning device. If the shielding is too close to the tuning de-
vice it adds unduly to capacitance, although it may reduce inductances, and in any case makes for erratic 
performance and non-linear tuning. If the shielding enclosure is too large it very possibly may act as a 
cavity resonator to generate many frequencies other than the one desired. Everything connected with 
ultra-high frequency is " critical" in dimensions, positioning, materials, and almost every structural de-

tail in the apparatus. 

It was mentioned in connection with the butterfly tuning circuit that one of the chief advantages is 
freedom from flow of uhf currents through sliding contacts. One of the chief difficulties in the design of 
satisfactory tuners using shorted lines is in making good contact of the shorting bars on the line con-
ductors. Why this is so difficult is explained by the electrical characteristics of a shorted line. At the 
point of shorting there is maximum current. This means that there is minimum voltage - theoretically 
there is zero voltage. In any case there is not enough voltage to force the current through even the slight-
est insulating film on the conductors. Unless the contacts are of practically zero resistance there will 
be no conduction between the two conductors, there will be no effective shorting, and there will be no 

tuning of the circuit. This is both a manufacturing problem and a service problem. 

CAVITY RESONATORS. At and 
capacitances in resonant circuits we 
nant lines may be used, also at far 
resonators. 

above the highest frequencies handled by lumped inductances and 
may use resonant lines. At the highest frequencies for which reso-
higher frequencies, the tuned circuits may be in the form of cavity 

Fig. 99-17 illustrates the basic principle of the cavity resonator by showing its development. At A we 
have a lumped-element resonant circuit consisting of a coil and a capacitor. For very-high and ultra-high 
frequencies the capacitance may be reduced by using two well separated discs, as at B joined by a con-
ductor which provides the inductance. To further reduce the inductance, and thus raise the resonant 
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o 

Fig. 99-17. The relation of a cavity resonator to a resonant circuit consisting of lumped inductance and 
capacitance. 

frequency still higher, we may use several conductors in parallel, as at C. The least possible inductance 
and highest frequency for the existing capacitance will result with the structure at JL) where we have 
added so many paralleled conductors that they become a continuous ring extending between the end plates. 

This is one form of cavity resonator. 

The magnetic field lines which formerly whirled around the separate conductors now are wholly con-
fined within the cylinder. They follow circular paths which are concentric with the circular wall of the 
cylinder. There is no external magnetic field. The lines of the electric field still extend from one end 
plate to the other, just as they extend between the plates of any capacitor. There are no electric lines 
outside the cylinder, because its walls form a shield. 

Inside the cylinder we now may have magnetic and electr..c lines which everywhere are at right angles 

 > k  

Fig. 99-18. Cavity resonators of these relative sizes would all be resonant at the same frequency. 
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to each other. This, as you will remember, is the definition of an electromagnetic wave. ‘K hen energy 

is put into the cavity there will be internal electromagnetic waves at a frequency for which the cavity is 
resonant. 

Cavity resonators may be of various shapes. 1\ ith any shape the resonant frequency depends on the 
dimensions, becoming higher as the cavity is made smaller, and lower as the cavity is enlarged. Fig. 

99-18 shows a cylinder, a square box, and a sphere or ball, all drawn to such relative sizes as to have 
the same resonant frequency. For the cylinder and the sphere this frequency is determined by their 

diameters, and for the box it is determined by the length of one of the sides. For the resonant frequency 

to depend on these dimensions, the heights of the cylinder and the box must be less than a half-wave-
length, or they must be proportionately no greater than shown by the drawings. 

The cylindrical cavity is the form which lends itself best to ordinary mechanical constructions and to 
adjustment of the resonant frequency. If the diameter of the cylinder is made small in relation to the 

internal height, the resonant frequency becomes dependent on this height. The resonant frequency is 

S c 

Fig. 99-19. An experimental cavity resonator with an adjustable disc for effective length and with co-
axial lines for terminals. 
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that for which the internal height equals a half-wavelength, and is equal in megacycles to the number 
5,905 divided by the inches of height. Stating this the other way around, the height in inches required 
for any resonant frequency is equal to 5,905 divided by the number of megacycles. 

The internal height of a cylinderical cavity resonator for 890 mc, the top of the uhf television band, 
would have to be about 6.64 inches. For the bottom of the band, 470 mc, the height would have to be 
about 12.57 inches. To make the height adjustable, the cylinder may be closed at one end with a flat 
circular plate, and in the other end may be fitted a movable plate or plug. The experimental resonator of 
Fig. 99-19 is constructed in this manner. This particular cylinder is only long enough, on the inside, to 
resonate at a minimum frequency around 1,200 mc. Resonant heights do not correspond exactly to the 
formula, because there is some effect of velocity factor. Whatever mechanical device is used to move 
the adjustable plate may be calibrated and graduated in megacycles of frequency. 

The circuit terminals of the cavity resonator usually consist of the central conductors of air-insulated 
coaxial lines, as may be seen in the photograph. The central conductors extend a short distance into the 
internal cavity. No form of external coupling can be used, because the resonant electromagnetic fields 

are wholly within the cavity. 

The physical size of a cavity resonator for the uhf television band may be rather large for convenient 
mounting in a tuner mechanism. The most troublesome electrical problem is in making an effective con-

tact between the sliding plate and the wall of the cylinder. At the resonant frequency there is, theoretical-
ly, zero voltage at the point of contact. The least trace of insulating film will prevent completion of the 
conductive path and will cause unreliable tuning or complete failure to tune to a desired frequency. 
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UHF TUNERS AND CONVERTERS 

Television has been established in the very-high frequency channels for so much longer than in the 
ultra-high frequency channels that all receivers, old and new, are capable of receiving any of the vhf chan-
nels. Many of the more recent models have built-in tuners of types which will handle both uhf and vhf sig-
nals. Any of the sets designed to handle only vhf signals may be used with an external converter which 
makes possible the reception of uhf signals. Regardless of the manner in which uhf reception is made 
possible, it always is combined with vhf reception. 

In the "tuners of very-high frequency television receivers we often find a circuit arrangement which is 
essentially like that shown at the top of Fig. 100-2. Details may differ widely, but always we find three 
tubes or ;.ube sections which work as r-f amplifier, r:f oscillator, and mixer. Usually there are at least 
three tuned circuits; one for the plate of the r-f amplifier, another for the grid of the mixer, and another for 
the grid-plate circuit of the oscillator. Often there is tuning also between the antenna and the r- f amplifier. 

At the bottom of Fig. 100-2 is a fairly typical circuit arrangement for ultra-high frequency tuning. liare 
again are three tuned circuits. They are shown as shorted quarter-wave lines, but might be of any other 
kind suitable for ultra-high frequencies. The big difference between the two tuners is in the absence of 
the r-f amplifier tube and the mixer tube in the uhf arrangement. The oscillator tube remains. The mixer 
tube is replaced with a crystal diode. 

The chief reason for omitting tubes is to avoid adding to the received signal the noise voltages which 
originate in any tube. With no r-f amplifier, no tube noise is added between antenna and mixer. The crys-
tal mixer adds very little noise, although this type of mixer cuts down the signal strength instead of giving 
amplification, as does a mixer tube. 

without the amplification which would be provided by r-f amplifier and mixer tubes, the signal output 
from the crystal mixer is very weak, but normally is well above the reduced noise level. This mixer output, 
with its favorable ratio of signal to noise, is applied to an amplifier which we shall call the beat-frequency 
amplifier. Because this amplifier works at bnly the moderately high frequency from the mixer, often around 

100 Inc, its gain can be made great enough to compensate for what is lacking due to absence of r-f ampli-
fier and mixer tubes. 

The crystal mixer, like any other mixer, delivers sum and difference frequencies or beat frequencies 
which are produced by combination of uhf carrier frequencies and oscillator frequencies. These frequencies 
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Fig. 100-1. A Standard Coil all- channel television tuner for 70 ultra-high frequency and 12 very- high 
frequency channels. 

in the mixer output will, of course, be the same for all channels. The beat- frequency amplifier circuits are 
tuned to whatever mixer output frequency it is desired to use, just as the i-f amplifier in any vhf receiver 

is tuned to some constant intermediate frequency. 

The constant-frequency output of the beat-frequency amplifier may be used in various ways. In Fig. 
100-3 the output of this amplifier is fed to the antenna terminals of the vhf section of a receiver. The beat-
frequency amplifier is permanently tuned for carrier frequencies in some vhf channel in which there is no 
local reception. The channel selector of the vhf receiver is tuned to this channel, and allowed to remain 
there for all uhf reception. It is necessary to provide a switch for connecting the vhf tuner to the regular 
vhf antenna for vhf reception, and to the beat-frequency amplifier for uhf reception. 

Uhf channel selection is performed with the uhf channel selector, which simultaneously changes the 
resonant frequencies of the uhf antenna tuning circuits and of the uhf oscillator, just as any vhf channel 
selector simultaneously changes the frequencies of the r-f amplifier and r-f oscillator in the vhf tuner. 

Contrast, brightness, and sound volume are controlled in the vhf sections for reception in either band. This 
general method of tuning and control is employed in nearly all systems of combined uhf and vhf reception. 

If the vhf tuner is a continuous tuning type, rather than one which tunes in steps to each of the vhf 
channels, it is possible to employ the system illustrated by Fig. 100-3 in another way. The output of the 
beat-frequency amplifier may be tuned to some frequency below vhf channel 2 or else for some frequency 
between vhf channels 6 and 7, but not in the f-m broadcast band or in any other band used for other radio 

services. 
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Fig. 100-2. Similarities and differences in tuners for very-high and ultra-high television frequencies. 

If the vhf tuner is not a continuous type, but is of the step-by-step variety, this same general method 
may be employed by providing on the vhf tuner one extra position at which the frequency is that of the uhf 
beat- frequency amplifier. In other words, the vhf tuner will have an extra position at which it is resonant 
somewhere below channel 2 or else somewhere between channels 6 and 7 where there won't be interfering 
signals. 

Another system of combined uhf-vhf reception is illustrated by Fig. 100-1. The vhf tuner is construc-
ted with a cascode r-f amplifier. There is no beat-frequency amplifier in the uhf section. For uhf re-
ception the oscillator of the vhf tuner is disabled, and the output of the uhf crystal mixer is connected to 
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Fig. 100 -3. Principal parts of a typical uhf television tuner. 
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the input of the cascode amplifier in the vhf tuner. There will be a position of the vhf channel selector 
that tunes this cascode r-f amplifier to the constant beat- frequency which is the output of the uhf crystal 
mixer. 

Fig. 100-5 shows the principle of still another method for receiving both uhf and vhf signals. The uhf 

tuner is like those in Figs. 100-2 and 100-3, including the beat- frequency amplifier which follows the mixer. 
The uhf oscillator is tuned to produce, with the uhf carriers, a beat frequency which is the intermediate 
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Fig. 100-I. How the r-f amplifier of the vhf section may be used to strengthen signals from the uhf mixer. 
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Fig. 100-3. A uhf tuner and a vhf tuner, either of which feeds directly to the i-f amplifier of the receiver. 

frequency of the regular i-f amplifier in the-vhf section of the set. The beat- frequency amplifier is tuned to 
this intermediate frequency. 

For uhf reception the band switch connects the beat- frequency amplifier to the i-f amplifier of the re-
ceiver. In this method the intermediate frequencies usually will be 1173 mc for video and 41.23 mc for 
sound. For vhf reception the band switch connects the output of the vhf mixer to the i-f amplifier. One 
section of the band switch cuts off the uhf oscillator during vhf reception, and cuts off the vhf oscillator 
during uhf reception. 

Fig. 100-6 illustrates the general principles of one method for receiving all the uhf channels and all 
the vhf channels, not by continuous tuning through all the bands but with a step-by-step method. That is, 
there are definitely fixed positions for each of the 70 uhf channels and for each of the 12 vhf channels, 
just as in many vhf tuners we go from one fixed position to another for each of the vhf channels. The tuner 
utilizing this principle is pictured by Fig. 100-1. 

Consider first the uhf section of Fig. 100-6. The uhf channel selector consists of eight tuned circuits 
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Fig. 100-6. The principle of the Standard Coil method of decade or decimal tuning for each of 8', television 

channels. 

connected between antenna and mixer. Each circuit is broadly responsive over a range of frequencies about 
60 mc wide. The eight 60-mc ranges thus cover the entire uhf band from 470 to 890 mc with something to 
spare, since 8 times 60 mc equals 180 mc, while the difference between 890 and 470 mc is only 420 mc. 
The switch that adjusts the uhf channel selector to any of its eight positions also tunes the uhf oscillator 
to any of eight fixed frequencies. 

Now let's see what can be done while the uhf channel selector remains in one position which, merely 
for identification in this example, we shall call position 13. We shall assume that, in this position, the an-
tenna-mixer circuits respond to all carrier frequencies between 506 and 566 mc. These are the frequencies 
included in uhf channels 20 through 29. We shall assume further that the uhf oscillator, in our position B, 
is tuned to 350 mc. The resulting beat frequencies will be the difference between the carrier frequencies 
(506 to 566 mc) and the oscillator frequency (350 mc), and will extend from 156 mc to 216 mc, according to 
whatever uhf carrier frequencies may be reaching the antenna. These beat frequencies are applied to the 
regular antenna input of the vhf tuner. 

The channel selector switch for the vhf section is shown in Fig. 100-6 as having ten positions. Po-
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sitions numbered 7 through 13 are the regular positions for receiving vhf channels 7 through 13. There are 
three extra positions, here identified as X, Y, and Z, at which tuning is in three additional ranges, each 6 
mc wide. This gives a total of ten 6-mc ranges from which selection may be made. Actually there are 
still other positions for vhf channels 2 through 6, but these positions are not used for uhf reception. 

Now, keeping in mind that the uhf section, with its selector in position 13, is delivering beat frequen-
cies all the way from a minimum of 156 mc to a maximum of 216 mc, we shall see what happens when this 
range of frequencies is applied to the vhf tuner. 

UlIF SECTION, IN "POSITION B" V1IF SECTION 

Antenna-Mixer Oscillator Beat Selector Response, UHF 
Tuning Frequency Frequency Position mc Channel 

Minimum Constant 

506 mc — 350 me = 156 mc X 156 - 162 20 

Y 162 - 168 21 

Z 168 - 174 29 

7 174 - 180 23 

(This entire range remains in 
tune so long as the uhf channel 
selector is in our position B.) 

8 

9 

180 - 186 

186 - 192 

24 

25 

10 192 - 198 26 

11 198 - 204 27 

12 204 - 210 28 

566 me — 350 mc = 216 mc 
(Maximum) (Constant) 

13 210 - 216 29 

By keeping the uhf channel selector at position 13, to deliver any beat frequencies between 156 and 
216 mc, and by turning the vhf channel selector to some one of its ten positions, we may pick any 6-mc 
range out of the beat frequencies. Every 6-mc range must cover one channel, whether in the uhfor vhf band. 
In the uhf band we thus are enabled to select any one of the channels 20 through 29 merely by shifting the 
vhf selector. 

With the uhf selector in any other position the antenna-mixer tuning will be changed to some other 60-
mc range of uhf carrier frequencies, and at the same time the uhf oscillator frequency will be changed so 
that the beat frequencies from the uhf mixer again extend from 156 to 216 mc. With the uhf selector in any 
one of these other positions, the vhf selector will pick out any 6-mc range from the beat frequencieà. Each 
6-mc range will cover one uhf channel. Thus we find that each of the uhf selector positions will allow re-
ception in some certain group of ten uhf channels. The first position actually is used only for channels 14 
through 19, and the eighth position only for channels 80 through 83. The intervening six positions are for 
all other uhf channels in groups of ten. 

In the tuner as actually constructed there are many refinements not discussed in this explanation of 
principles. For instance, the two selectors are combined in one dial having knobs for selecting the "tens" 
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and the "units" for the number of any uhf channel to be received. The numbers of all channels, both uhf 
and vhf, appear in windows of the dial. None of the positions are lettered, as has been done merely to 
simplify our explanation of principles. 

DOUBL E CONVERSION. In all uhf tuning systems we have, in addition to the uhf section, the tuner 
which is regularly used for vhf reception. With the systems of Figs. 100-2 and 100-3 the uhf section may 
be constructed as a separate unit and connected to the antenna terminals of any vhf receiver, so that pia-
grams may be received in the uhf band as well as in the vhf bands. Such a separate unit is called a uhf 
converter. It may be designed to handle only the few uhf channels in which there is local reception, or it 
may be of a type which tunes continuously through the entire uhf band. The converter does not prevent 
using the receiver for vhf reception. 

Fig. 100-7. The oscillator tube and the crystal mixer of an uhf tuner. 
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Fig. 100-8. The underside of the uhf tuner chassis, showing the oscillator socket compartment and some 
of the antenna-mixer connections. 

Fig. 100-7 shows portions of the uhf section of a converter as seen from above the chassis. The oscil-
lator tube is at the upper left. At the center is the crystal mixer. Fig. 100-8 shows parts which are visible 
from underneath the same chassis with some of the shielding removed. At the top is the oscillator socket 
compartment in which are some of the r-f chokes, resistors, and capacitors for the uhf circuits. Antenna 
and mixer connections are at the bottom of this picture. 

1Srith converters of this type, also in most uhf tuner systems, the received signals pass through two 
mixers, one after the other, as illustrated at the top of Fig. 100-0. Ind carrier frequencies are converted to 
lower beat frequencies by the uhf mixer. The signal output from this mixer then is converted to still lower 
beat frequencies by the vhf mixer. This process is called double conversion. The first beat frequency, 
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UHF ANTENNA 

UHF CARRIER 
FREQUENCY 

CHANNEL 19 

UHF CARRIERS 

UHF °SCR. 
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MIXER IN 

UHF TUNER 

FIRST SECOND 
BEAT BEAT 

FREQUENCY FREQUENCY 

VIDEO SOUND 

501.25 505.75 

418.00 418.00 

MIXER IN 
VHF TUNER 

83.25 87.75 —> 

VIDEO SOUND 

- F 
AMP. 

129.00 129.00 VHF ()SCR. 

83.25 87.75 1st BEAT 

45.75 41.25 2nd BEAT 

Fig. 100-9. A typical combination of frequencies for uhf reception by the double conversion method. 

which goes to the antenna terminals of the vhf tuner, must be the one for which this tuner is set. The 
second beat frequency, which goes to the i-f amplifier, is the regular intermediate frequency for the re-
ceiver. 

For uhf reception the vhf tuner is set for the constant beat frequencies coming from the uhf mixer, and 
is left there. Oftentimes the output of the uhf mixer will be very broad, and centered between two vhf 
channels. Then the vhf tuner may be set for either of these channels in which there is no local vhf re-
ception. The output of the uhf mixer might be centered between channels 2 and 3, or between. 5 and 6, or 
between 12 and 13. Of any of these pairs of channels only one will be active in any locality and the other 
may be used for uhf reception. Vhf tuner circuits for the channel employed in uhf reception must be accu-
rately aligned. 

An example of double conversion frequencies is given at the bottom of Fig. 100-9. Uhf channel 19 is 
used for illustration, although frequencies for other channels would work out in a similar manner but with 

different figures. Video and sound carriers are respectively at 501.25 and 505.75 mc in channel 19. For 
reception in this channel we assume that the uhf oscillator is tuned to 118.00 me. Subtracting this oscil-
lator frequency from the video and sound carrier frequencies gives the first beat frequencies as 83.25 mc 
for video and 87.75 mc for sound. Note that these beat frequencies are the same as the vhf carrier frequen-
cies for channel 6. They are applied to the vhf tuner. 

For all uhf reception, with our assumed frequencies, the vhf tuner will be set for channel 6. For this 
channel the vhf oscillator frequency will be 129.00 mc. From this vhf oscillator frequency we subtract the 
beat frequencies that come from the uhf mixer. The differences are second beat frequencies of 1.5.75 mc 
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for video and 1125 Inc for sound. These are among the standard intermediate frequencies for vhf receivers. 
They are applied to the regular i-f amplifier. 

In the vhf tuner of this example, as in all such tuners, the oscillator frequency is higher than the re-
ceived frequency. This higher oscillator frequency produces a video intermediate which is higher than the 
sound intermediate. It is this relation of video and sound intermediates for which all i-f amplifiers are de-
signed and aligned. 

In order not to reverse the relation between video and sound intermediate frequencies, the video and 
sound "first beat" signals coming to the vhf tuner must have the same relation as video and sound frequen-
cies in any vhf carrier. That is, the sound signal frequency must be higher then the video signal frequency. 
This can be accomplished only by operating the uhf oscillator at a frequency lower than the uhf carrier fre-
quencies, as in our example. In all double conversion systems the uhf oscillator frequency must be lower 
than the received uhf carrier frequencies. Unless this frequency relation is observed, we would go to the 
i-f amplifier with the sound intermediate higher than the video intermediate. 

In television sets designed for reception in only the vhf bands there is only single conversion, be-
cause there is only one mixer. In Fig. 100-4 is an example of single conversion used for uhf reception. 

VHF ANTENNA 

UHF ANTENNA 

UHF 
ANTENNA 

TUNING 

UHF 

ANTENNA 

TUNING 

CRYSTAL 
MI X ER 

UHF 
OSCIL-
LATOR 

CRYSTAL 
MIXER 

 o 

VHF 
MIXER 

VHF 
OSC IL - 

L ATOR 

o 

HARMOIJIC 
SELECTOR 

H ARMON IC 

RECTIFIER 

VHF 
R-F AMP 

VHF 
MIXER 

< a 

VHF 
OSCIL-
LATOR 

Fig. 100-10. The uhf oscillator of the upper diagram is replaced by a harmonic rectifier and selector in 
the lower diagram, 
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Only the uhf mixer precedes the i-f amplifier during uhf reception, and only the vhf mixer precedes the i-f 
amplifier during vhf reception. In this case the frequency of the uhf oscillator must be higher than the uhf 
carrier frequencies, just as the vhf oscillator frequency is higher than vhf carrier frequencies in all vhf re-
ceivers. 

II.S1,VG OSCILL 4TOR 411.110NICS. At the top of Fig. 1'00-10 is a block liagram of a uhf tuning sys-
tem that is like the one of Fig. 100-1. In the uhf section there is tuning of the antenna-mixer circuits, also 
a uhf mixer of the crystal type, and a uhf oscillator tube. The output of the uhf mixer goes to the antenna 
terminals of the vhf tuner. 

At the bottom of Fig. 100-10 is a block diagram which differs from the one above in that there is no 
uhf oscillator. Instead there is a harmonic rectifier and a harmonic selector, forming what may be called a 
harmonic generator. This harmonic generator will produce a second or third harmonic frequency from the 
output of the vhf oscillator. This harmonic is applied to the uhf mixer instead of the equivalent frequency 
formerly obtained from the separate uhf oscillator tube in the uhf section. 

The principle of a harmonic generator such as often used for uhf tuning is illustrated by Fig. 100-11. 
The frequency at which the vhf oscillator is operating for any selected vhf channel is applied through 
blocking capacitor Cb to the crystal rectifier. Capacitor Cb and resistor lib are of such values that a bia-
sing voltage maintained across lib causes the crystal to operate at the sharpest bend of its current-voltage 
characteristic curve. Then, as is the case with any rectifier or detector operating in this manner, the crys-
tal circuit contains harmonics of the vhf oscillator frequency. One of these is the third harmonic frequency, 
which we shall assume is the one desired for use in the uhf mixer. 

In series with the crystal rectifier is a parallel resonant circuit, the harmonic selector, which is tuned 

SELECTOR 
CIRCUIT 

Cb 

CRYSTAL 
RECTIFIER 

TUNED TO 
3rd HARMONIC 

Rb 

HARMONIC OUTPUT FUNDAMENTAL 

VHF OSCILLATOR 

Fig. 100-11. Elementary circuits for one type of harmonic generator. 
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Fig. 100-12. A method of using the harmonic generator system in a uhf channel strip for a turret tuner. 

to the third harmonic frequency. In this circuit the third harmonic voltages have the benefit of resonant 
gain, which we studied long ago, and at the same time the other harmonics and the fundamental of the vhf 
oscillator are greatly attenuated. By means of any suitable coupling method, the third harmonic voltage 
may be taken from the harmonic selector circuit and applied to the uhf mixer, just as a uhf oscillator vol-
tage would be applied to this mixer. 

100-12 shows one way in which the harmonic generator system may be employed in connection 
with the tuner of a vhf receiver for reception of uhf signals. The harmonic rectifier and selector circuits 
are spractically the same as in Fig. 100-11, except that new the harmonic rectifier crystal is biased by a 
small voltage taken from the vhf oscillator circuit through a high resistance at Rb. The channel tuning 
method will vary with the make and model of tuner or receiver, and may be of any type suitable for uhf re-
ception. 

The beat-frequency output of the uhf crystal mixer goes to the grid of the vhf r-f amplifier through a 
tuned filter which opposes and bypasses remaining ultra-high frequencies, while passing the desired beat 
frequency. This is equivalent to the tuned coupler used between the mixer and following i-f amplifier in 
most vhf sets. The vhf r-f amplifier now acts to strengthen what we have called the first beat frequency, 
coming from the uhf mixer. Oftentimes this r-f amplifier is a cascode type. 

Inasmuch as the harmonic generator method does away with the separate uhf oscillator tube, and may 
be employed with a crystal mixer, it lends itself well to use in turret tuners which have removable and in-
terchangeable channel strips. One of the vhf strips, for a channel not active in the locality, may be re-
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moved and replaced with a strip for any uhf channel. This uhf strip need carry only the parts which are en-
closed within the broken lines of Fig. 100-12, including only a few inductors and capacitors, and two crys-
tal diodes. The tubes of the vhf tuner then are employed for all uhf and vhf television bands, as is also 

the regular i-f amplifier. 

The intermediate frequencies going from the vhf mixer to the i-f amplifier must remain the same for all 
channels. To allow this, it is necessary to change the vhf oscillator frequency for each channel to be re-
ceived in the uhf band. This necessity arises because the harmonic frequency fed to the uhf mixer always 
will be a multiple of the vhf oscillator frequency, and to secure the correct harmonic frequency it is neces-
sary to change the fundamental vhf oscillator frequency. This means that a vhf oscillator coil for each uhf 
channel must be on the uhf strip for that channel. Also, to suitably tune the vhf r-f amplifier and the mixer, 

their tuning coils must be on the uhf channel strip. 

The various frequencies for one particular uhf channel might work out as follows. 1Ve assume that the 
receiver employs a video intermediate of 4535 mc and a sound intermediate of 41.25 mc, and that we wish 

to tune to uhf channel 31. 

Video Sound 

Vhf oscillator frequency (the fundamental) 154.75 mc 154.75 mc 

Subtracting the intermediate frequencies 45.75 41.25  

Beat frequencies required from uhf mixer  109.00 113.50 

The fact that the uhf mixer will furnish these required beat frequencies may be shown as follov‘.s. 

Video Sound 

Carrier frequencies for uhf channel 31  573.25 me 577.75 me 

The third harmonic of the vhf oscillator 
frequency will be 3 times 154.75 me, 
which is 464.25 me. Subtract this 
from the carriers ..... ....... 464.25 464.25 

Beat frequencies furnished by the uhf mixer 109.00 113.50 

These combinations of frequencies are marked, in megacycles, on the block diagram Fig. of 100-13. 

1Vere the receiver to employ a video intermediate of 25.73 me and a sound intermediate of 21.25 mc, 
and were we still tuning to uhf channel 31, the frequencies would be as follows. 

Vhf oscillator frequency, 110.75 mc. Third harmonic frequency, 419.25 mc. Beat frequency from uhf 
mixer, 121.00 me video, 128.50 me sound. Vhf oscillator frequencies for any other intermediates and any 
other uhf channels may be computed. 
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Fig. 100-13. Frequencies in the various sections of a uhf-vhf tuning system employing a harmonic 
generator. 

UHF ANTENNAS. When studying television antennas in general we learned that the performance of 
any receiver is greatly improved by a good outdoor antenna unless the receiver is within a few miles of 
transmitting stations. This is true to an even greater extent for uhf reception. Except in primary service 
areas, the uhf antenna usually determines the success or failure of the installation. 

Because signal reflections and ghosts are more troublesome at ultra-high frequencies, the antenna 
should be highly directional in its reception pattern. Because signal shadowing is worse at ultra-high 
frequencies, the location, height, and orientation of the antenna become of great importance. Moving the 
antenna as little as a foot to one side or the other may bring in signals otherwise unobtainable. Added 
height usually is well worth the effort of attaining it, since this gets the antenna above the shadows cast 
by objects in the line of signal travel. A high antenna must be well guyed to prevent swaying and twisting 
effects of wind, snow, and icing. 

Many types of antennas used for vhf reception are satisfactory for uhf signals when well constructed 
and of suitable dimensions. Folded dipoles with reflectors may be used. With this type it is usual practice 
to stack four bays or even eight bays. Methods of correctly phasing the vertical or sloping connectors be-
tween bays are the same as for vhf reception, as are also the spacings between active elements and re-
flectors, and the effects on gain and directional pattern of varying this spacing. 

V-antennas with reflectors usually give good results when two or four bays are stacked and correctly 
phased. The forward angles between conductors or rods in the active elements are made sharper than for 
vhf reception, in order to sharpen the directional pattern. That is, the angle formed by the extended con-
ductors of the dipole may be 90 degrees or even less. The best angle is found by trial. 

Built-in antennas may not prove satisfactory, even close to transmitting stations. The signal may be 
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weakened or cut off by any metal, parts of the building and its fittings, as by metal beams, metal window 
frames, metal blinds, metal awning' frames, and all- other metal objects. The signal may be affected also 
when people come near the receiver.'Indoor antennas, as contrasted with built-in types, usually are more 
satisfactory provided they can be placed high enough to avoid shadowing effects of all metal structures. 

To preserve as much of the uhf signal as possible, the transmission line must be of some low-loss va-
riety. Where signal field strength is weak the best line is an open wire type with the conductors supported 
and spaced apart with insulators having a low dielectric constant. Twin-conductor flat line, such as used 
for most vhf installations, is satisfactory under ordinary conditions. In localities where interference may 
be severe it becomes necessary to use coaxial cable of large diameter. Correct matching of impedances at 
the antenna or receiver, or possibly at both places, is of prime importance. 

Dimensions of antenna elements, and their spacings, usually are specified as fractions or multiples of 
wavelengths at the operating frequencies. One wavelength, in inches, is found from dividing the number 
11,811 by the frequency in megacycles. Any fractional wavelength is, of course, that same fraction of one 
full wavelength. For example, 0.6 wavelength at 680 mc would be found thus. 

11 811 

680 
= 17.37 inches, approximately. 

17.37 x 0.6 = 10.42 inches, approximately. 

Half-wavelengths and quarter-wavelengths, the two values most often needed, are found thus. 

Half-wave, 5905.5  

inches mc 

Quarter- wave, 

inches 

29521 

M 

CORNER REFLECTOR ANTENNA. A type of antenna not previously examined, but which gives 
good reception in the uhf television band, is called the corner reflector. Fig. 100-14 is a picture of such 
antenna whose elements are cut for peak response around 680 mc. The structure is essentially a half-wave 
dipole with a large number of reflector elements arranged in two planes which, in the design illustrated, 

come together at an angle of 90 degrees. The dipole element is on a line or plane that passes through the 
center of the angle. Overall dimensions of this particular antenna are: height 26 inches, width 9 inches, 

depth from front to back 14 inches. 

The corner reflector antenna constructed with 
db, compared with the same dipole in free space 
highly directional, with front-to-back ratio up to 30 
additional lobes which are almost negligible so far 

a simple straight dipole has a gain as great as 10 to 12 
with no parasitic elements. The reception pattern is 
or more db, with little pickup from either side, aid with 

as signal pickup is concerned. 

The frequency response of this antenna may be extended over a fairly wide range by providing rela-

tively long reflector planes and by spacing the reflector rods close together. There is, of course, some 
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Fig. 100-14. A corner reflector antenna for uhf reception. 

drop in maximum gain when the frequency range is widened. As with other antennas, this type may be 
stacked for added gain. Although the corner angle most often is 90 degrees, it may be as small as 45 de-
grees. There is some inerease of gain with smaller angles provided the reflector planes are lengthened. 

Impedance depends on the type of antenna element, on its distance from the corner of the angle (where 
the reflector planes meet), and on the number of degrees in the angle between reflector planes. Instead of 
a straight dipole, as pictured, the active element may be a folded dipole or a parallel conductor dipole to 

increase the impedance. 

In the design pictured, the corner angle is 90 degrees and the dipole is slightly more than a half-wave-
length from the corner. The impedance is approximately 150 ohms. With this same dipole spacing from the 
corner, but with an angle of 60 degrees, the impedance would drop to about 75 ohms. Impedance decreases 

rapidly with still smaller angles. 

To increase the impedance when using any corner angle, the active antenna element may be moved 



COMMERCIAL TRADES INSTITUTE 

TELEVISION 
Lesson No.100 — Page 18 

farther from the corner. This may be necessary in avoiding an impedance so small as to make it difficult to 
match the antenna and line when using corner angles of less than 90 degrees. Regardless of the spacing, 
the antenna element is kept on a line or plane which passes through the center of the reflector angle. 

Instead of making the reflector of metal rods it may be formed from a wire mesh screen, preferably of 
some good conductor such as copper, bronze, brass, or aluminum. This gives somewhat greater gain be-
cause of a more nearly complete reflector surface. Were it not for difficulties with wind resistance the re-
flector could be made from a solid sheet of any good conductor. 

It is desirable that the transmission line or a matching transformer ( section of resonant line) extend 
from the antenna element through the back corner of the reflector before being sloped down and away to the 

receiver connection. 

Following are dimensions, in wavelengths and fractions at the center frequency, for corner reflector an-
tennas as usually constructed. These dimensions are marked on Fig. 100-15. 

A. Length of each side of reflector, or length of each reflector plane, 1.0 wavelength or more. Greater 
length adds somewhat to gain. 

«il, Center of dipole element to reflector corner, about 0.5 wavelength. 

Ç, Center-to-center spacing of reflector rods from one another, 0.05 to 0.10 wavelength. The smaller 
spacing adds to the gain. 

90° 

D 

I I 

Fig. 100 -15. Principal dimensions of the corner reflector antenna. 
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D. Length of reflector rods or width of reflector screen in a horizontal direction, about 0.55 to 0.60 
wavelength. 

,F' Overall length of dipole element, 0.5 wavelength or slightly less. 

SERVICING AT ULTRA-IIIGH FREQUENCIES. Because the differences between receivers for ultra-
high and very-high frequencies are entirely in the tuners, it is only in this section that any special methods 
are required when working at ultra-high frequencies. Even in the tuners, alignment and adjustment pro-
cedures follow the same general methods with which we are familiar. For instance, there may be adjust-
ments for the high- and low-frequency ends of the uhf band, or for various portions of the band when there 
is step tuning rather than continuous tuning. Adjustments most often are made by small variable capacitors 
or trimmers, but sometimes by varying the inductances. 

Constant- frequency signal generators or marker generators may furnish fundamental frequencies in the 
uhf band. For much servicing it is practicable to work with harmonic frequencies from a signal generator 
whose fundamentals do not extend above the vid television band. Anything other than a crystal controlled 
frequency is unlikely to have sufficient accuracy for making adjustments with any degree of precision. 
Earlier it was shown that small fractions of one per cent of the total uhf band may throw a signal com-
pletely out of a given channel. 

Sweep generators for ultra-high frequency work may operate on fundamentals or on harmonics. Accu-
racy of frequency calibration is of minor importance because exact frequencies must be determined by 

Fig. 100-16. Lecher wires whose length and spacing are suitable for frequency measurements in the uhf 
television band. 
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means of a marker. In many uhf tuned circuits the frequency response extends over several channels, with 
final selection of any one channel made in following circuits. This makes it desirable that a sweep gener-
ator have a greater sweep width than for most vlif work. 

Vacuum tube voltmeters and other instruments commonly employed for servicing on vhf tuners are just 
as useful for uhf servicing, and are employed in the same ways. It is necessary to take great care in 
keeping instrument prods and leads as far as possible out of uhf magnetic and electric fields. 

A grid dip meter or grid dip oscillator operating at fundamental ultra-high frequencies is of wide use-
fulness. This instrument will furnish frequencies for various tests and also will check the resonant fre-
quency of any tuned circuit whether or not that circuit is alive at the time. If the grid dip oscillator is 
modulated at any frequency up to about 20,000 cycles its signals may be picked up on an oscilloscope, or 
as sound bars on the picture tube of the receiver. These and other uses of the grid dip meter were ex-
plained in the lesson dealing with this instrument. 

hi the uhf band it is not difficult to check the operating frequency of an oscillator by means of Lecher 
wires. As shown by Fig. 100-16, these are two parallel bare wires arranged to form an adjustable half-
wave shorted line. At the right-hand end, shown by the enlarged picture, the wires are formed into a small 
hairpin or loop for signal pickup, and are held by an insulating clamp. The wire which extends into the 
pickup loop must be insulated to avoid short circuiting of tuner conductors. 

At the left-hand end of the larger picture the wires are attached to a tension adjusting bracket which 
holds them straight and fairly taut. Whether this end of the wires is left open or is short circuited by the 
support makes no difference. A small bar of metal with a clean, smooth, and rather narrow edge is ar-
ranged to slide along the exposed length of the parallel wires to form the adjustable short circuit. This 
bar is moved back and forth by grasping it with your fingers. 

With the looped end of the Lecher wires close to a signal source, waves are induced in the wires and 
are reflected from any point at which the shorting bar is held. The signal source may be almost any con-
ductor in the plate or grid circuits of the oscillator. When the effective length of the line from the source 
to the shorting bar is any number of half-wavelengths at the oscillator frequency, standing waves are formed 
on the wires. The current maximum for these standing waves is at the shorting bar, as shown by Fig. 100-
17. When standing waves are formed, the line absorbs maximum energy from the signal source. 

You can identify the condition of maximum energy absorption by measuring the voltage across the grid 
resistor that biases the oscillator. This is done by connecting a vacuum tube voltmeter across the grid re-
sistor. Then, commencing with the shorting bar close to the pickup end of the Lecher wires, and at right 
angles to the wires, the bar is moved very slowly toward the other end. The bar must remain in good con-
tact with both wires at all points. 

At some position of the bar the oscillator grid voltage or bias will decrease quite sharply. By making 
the coupling continually looser while carefully changing the position of the shorting bar it is possible to 
locate the position for maximum voltage dip with considerable accuracy. This first point is identified by 
an inch scale placed under the wires. 

Now the bar is moved slowly farther away from the pickup end until locating a position at which there 
is another dip of oscillator grid voltage. The difference between bar positions for the two dips is found by 
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Fig. 100-17, How standing waves are formed when the Lecher wires are shorted at certain points along 

their length. 

subtracting the first scale reading from the second one. This difference is a half-wavelength at the pscil-
lator frequency. By dividing the number of inches of difference into 5,905 you will determine the oscillator 
frequency in megacycles. 

The length of the exposed bare wires should be at least one wavelength, and preferably somewhat more, 
at the lowest frequency to be measured. This insures getting a complete half- wave onto the line, so that 
two dips may be located. For work in the uhf television band the parallel wires should be separated by 1/4 
to 3/8 inch. The gage size or diameter of the wires is not important, almost anything available will be 
satisfactory. Accuracy of frequency measurement depends on using the loosest coupling which allows a 
recognizable dip, on moving the shorting bar back and forth until positively locating the position for maxi-
mum dip, and on carefully measuring the two positions and determining their difference. 

If it is inconvenient to bring the looped end of the wires to the signal source, the coupling may be 
through a link. The link is made from a foot or so of twin-conductor transmission line. Both conductors at 
both ends of this line are bared and formed into closed loops about 3/4 inch in diameter. Both loops are 
to be insulated. One of them is placed close to and parallel with the pickup end of the Lecher wires while 
the other loop is brought near the conductor with which coupling is desired. This coupling link does not 
alter the effective distances between dip positions of the shorting bar. 
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UHF TELEVISION CHANNELS, FREQUENCIES IN NIEGACYCLES 

Channel Limits Video Sound Channel Video Sound 

Number Carrier Carrier Number Limits Carrier Carrier 

11 470-476 471.25 475.75 50 686-692 687.25 691.75 

15 176-182 477.25 181.75 51 692-698 693.23 697.75 
16 182-188 483.25 187.75 52 698-704 699.25 703.75 

17 188-191 489.25 493.75 53 704-710 705.25 709.75 
18 494-500 495.25 499.75 54 710-716 711.25 715.75 
19 500-506 501.25 505.75 

55 716-722 717.25 721.75 
20 506-512 507.25 511.75 56 722-728 723.25 727.75 

21 512-518 513.25 517.75 57 728-734 729.25 733.75 
22 518-524 519.25 323.75 58 731.-740 735.25 739.75 
23 521-530 525.25 529.75 59 740-746 741.25 745.75 
24 530-536 531.25 535.73 

25 536-542 537.25 541.75 
26 542-548 543.25 547.75 
27 548-554 549.25 553.75 
28 554-560 555.25 559.75 

29 560-566 561.25 565.75 

60 746-752 747. Z 751.75 
61 752-758 753.25 757.75 
62 758-764 759.25 763.75 
63 764-770 765.25 769.75 

64 770- 776 771.25 775.75 

65' 776-732 777.25 781.75 
30 566-572 567.25 571.75 66 782-788 783.25 787.75 

31 572-578 573.25 577.75 67 788-794 789.25 793.75 
32 578-584 579.25 583.75 68 794-800 795.25 799.75 
33 584- 590 585.25 589.75 69 800-806 801.25 805.75 
34 590-596 591.25 595.75 

70 806-812 807.25 811.75 
35 596-602 597.25 601.75 71 812-818 813.25 817.75 
36 602-608 603.25 607.75 72 818-824 819.25 823.75 
37 608-614 609.25 613.75 73 824-830 825.25 829.75 
38 614-620 615.25 619.75 74 830-836 831.25 835.75 
39 620-626 621.25 625.75 

75 836-842 837.25 841.75 
40 626-632 627.25 631.75 76 842-848 843.25 847.75 
41 632-638 633.25 637.75 77 848-854 849.25 853.75 
42 638-644 639.25 643.75 78 851-860 855.25 859.75 

43 644-650 645.25 649.75 79 860-866 861.25 865.75 
44 650-656 651.25 655.75 

80 866-872 867.25 871.75 
45 656-662 657.25 661.75 81 872-878 873.25 877.75 
46 662-668 663.25 667.75 82 878-884 879.25 883.75 

47 668-674 669.25 673.75 83 884-890 885.25 889.75 
48 674-680 675. M 679.75 
49 680-686 681.25 685.75 






