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FOREWORD 

THE successful Radio-TV Serviceman is the 
man who can read diagrams—the fellow 

who understands symbols, circuits and details 
of Radio and Television construction. 
A knowledge of circuit tracing and diagram 

analysis is to the serviceman what a knowledge 
of mathematics is to an accountant. This book 
contains diagrams of modern radio and televi-
sion sets. These diagrams have been supplied to 
the Educational Book Publishing Division of 
The Cone Electrical School by the leading Ra-
dio and Television manufacturers of the United 
States. They represent an effort on the part of 
the Industry to help Coyne put out a practical 
book on How to Read Diagrams. 
Reading radio and television diagrams can be 

as easy as reading a newspaper if a man has a 
clear conception of the various signs, and the 
symbols used in these diagrams. 

It is the purpose of this book to make clear and 
easy to understand these different terms and symbols 
that represent the component parts of radio sets. 
their connections and the tracing of the current thru 
these parts as well as other phases of scientific radio 
circuit tracing. 
Common terms such as circuit, current, resistance 

and difference of potential are often used when talk-
ing about radio. 

In every case as we come upon a new symbol in the 
special series of instructional diagrams we have es-
pecially selected to explain modern. diagram analysis, 
we will follow this practice: 

First, we will give the definition, then we will 
give an illustration in everyday language. We 
will compare the purpose of the radio or televi-
sion component with something you see in every-
day life. Following this practice, you will better 
understand the reason for the various parts in a 
radio set as well as the way they "dovetail" with 
all other parts. 
We will break down every part of the circuits so 

that you can follow the logical path of the current 
flowing through the radio. 
Many of the diagrams in this book have been pre-

pared by the staff of Coyne School for instructional 
purposes. These diagrams have special notes and 
analyzing instructions that make them amazingly 
easy to understand. These diagrams have been 
SHOP TESTED by actual on the job use. That 
eliminates any possibility of any technical errors. 

Regardless of whether you are a "beginner" or. 
an experienced radio man you should find the 
material in this book of extreme value to you. We 
have put a great deal of up-to-date instruction 
methods in Radio circuit and diagram reading in this 
book along with dozens of valuable commercial radio 
diagrams. 

Radio-14V diagram reading is the same as any 
other reading—the more you do of it the more 
expert you become. To succeed in Radio and 
Television you must know circuit tracing so 
give the specially prepared material in this book 
careful study—it can help you increase your 
speed and accuracy in reading diagrams. 

B. W. COOKE, President 

Educational Book Publishing Division 

Coyne Electrical and Radio School 
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SECTION I 

Schematic Diagrams and How to Read Them 

Suppose then we start with the most common ex-
pression used in radio—a radio circuit. 

By definition "a circuit is the complete or closed 
path taken by an electrical current in flowing through 
a conductor from one terminal of the source of sup-
ply to the other." 

A Circuit 
Clout 

No doubt you have often heard the expression "a 
circuit clout." This is used in baseball when a batter 
hits a home-run. It means the ball has been driven 
far enough to enable the batter to complete the "cir-
cuit" of bases. The bases form a closed loop or path 
for the batter to take, just as connecting wires form 
a closed loop or path for the current to take. 

The resistance is the substance which resists or 
opposes the flow of current through it. 

Resistance 

Current Flow 

It can be compared to a valve in a water pipe to 
limit the flow of water. 

A difference of potential or difference of pressure is 
the difference between the potentials or pressures at 
two points in a circuit. 

To better understand this let's assume that we are 
looking at a two-story building. In measurieg the 
distance between the street and the first floor we 
found it to be 10' and the measurement Co the roof 
was 30'. It would be correct to say that the distance 
between point "A" and point "B" is 10' or that point 
"B" is 10' higher than point "A". In order to make a 
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measurement we must refer one point to another. It 
would not be correct to say that point "C" measures 
20' because we are not sure whether the point to be 
measured is from "B" or "A". Point "C" does meas-
use 20' if we are referring it to point "A" as the other 
point, but it is only 10' from point "B - or point "D". 
The same thing holds true in electrical circuits. 

The difference of potential is a measurement between 

a lower and a higher point in a circuit. One point is 
at a higher electrical degree than the other. The 
higher point having a deficiency of electrons while 
the lower point has an excess of electrons. It is the 
movement of these electrons that constitutes a flow 
of current in an electrical circuit. 
The difference of potential and the opposition are 

circuit properties. In fact they are the determining 
factors as far as the current is concerned. When the 
opposition in any circuit is not sufficient to limit the 
current, wires may burn or the units connected in the 
circuit may be ruined beyond repair. That is the 
reason why they put fuses in the branch circ'uits in 
homes. To protect the conducting wires from excess 
curren t. 
Diagrams are used in Radio just as blue prints are 

used in construction work. They tell a complete story 
that might otherwise require thousands of words of 
explanation. 

Tubes 

Resistances 

Battery 
Elements of a series circuit. 

Elements of a parallel circuit. 



There are several types of diagrams used, just as 
there are different types of maps available for the 
man preparing to go on a journey. He may have a 
"pictorial diagram" which is a diagram pertaining to 
or illustrated through pictures. 
They make the saine type of diagram in Radio for 
the beginner as illustrated below. 
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Such a diagram enables us to quickly determine 
the layout of all the parts. The question then arises, 
since a pictorial diagram has these advantages, why 
not use them exclusively? If we sit back for a mo-
ment and think about it, the answer would be ob-
vious. To use these diagrams we all must be skilled 
or gifted with artistic talents, it takes a great deal 
of time and effort to put down on paper any part of 
the above two diagrams for the sole purpose of ex-
plaining either of them. 

PICTORIAL DIAGRAM 

Consequently, certain signs, marks or symbols, 
easy for all of us to duplicate, have been adapted and 
made standard. They represent the component parts 
and were originated in order that we may convey or 
impart our information to others, quickly. 

In radio a schematic diagram shows the electrical 
conneçtions of a circuit by means of symbols used in 
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place.of the actual parts. Symbols to represent the 
different parts are simple signs, marks, or characters 
used as an abbreviation. .It is important to learn these 
symbols so that all the parts may be readily identified. 
Of course, it would be impossible to expect a be-

ginner to memorize all the existing symbols in a 
short time, but by constant reference to radio dia-
grams in magazines or books you will be surprised 



to note how quickly and easily you have learned to 
identify these symbols. 

Still another type of diagram is known as a "block 
diagram." 

In the above diagram only.. the states are shown 
and the roads to take to get to them. Likewise in 
radio, a block diagram merely shows the connections 
of the different stages in block-form. 

17 Antenna 

—.Converter 

Oscillator 

I. F. Amp. --1 Audio Amp.— 
Power 
Amp • 

Speaker 

The diagram above is the easiest of all to explain 
in that the function of each stage is omitted, just as 
the road, map above would be simple to direct a per-
son, interested to get at a certain point without ex-
plaining the different rivers he would have to cross 
and the cities that he would pass. etc. 
For instance, in that block diagram the electro-

magnetic waves radiated by means of a transmitting 
antenna cut the stationary conductor called the re-
ceiving antenna. These waves cause a difference of 
potential to be induced in the receiving antenna re-
ferred to as a signal. The converter siage receives the 
signal and mixes with a signal generated by the 
Oscillator. The difference of these two signals is sent 
on to the I.F. stage where it is amplified, and sent to 
the audio stage where it is changed to an audio signal 
and amplified. It is received by the power amplifier 
where it is. further amplified and moved on to the 
speaker. 
The signal strikes a diaphragm in the speaker 

causing it to vibrate, thus changing the electrical 
impulses into sound. 
We can safely say then that block diagrams are 

used to give a general idea of the operating principles 
in a condensed form. 

It would be well at this time to introduce some of 
the symbols used and show what the actual parts 

look like. 
The antenna or aerial is a conductor used to pick 

up radio signals. The outdoor antenna, usually 

Guy Wire 
Insulator Aerial Wire 

Fastening Wire 

Lead-in 

mounted on a structure or roof is a bare wire of pre-
determined length. The vertical line represents the 
lead-in wire which makes connection between the 
antenna and the receiver. This type of antenna is no 
longer used for radio reception, but the symbol in-
dicates an antenna regardless of design. 

Insulator 

Loop 

Antenna 

Ground 

The loop antenna or aerial consists of com-
plete turns of wire spaced on a rectangular frame 
of wood or attached to a cardboard. It is built 
into a receiver cabinet. 

The ground connection is an earth connection. It 
may be a water pipe, a radiator or any pipe driven 
into the earth to insure good contact with the. moist 
earth. It also indicates a connection to the chassis of 
the receiver. 

This symbol is often used to simplify diagrams by 
eliminating unnecessary lines. The symbol shows the 
common connections in the circuit. 

There are various types of capacitors used. 
A capacitor consists of two conductors sepa-

rated from each other by an insulator called a 
dielectric, such as air, oil, paper, glass, ceramic 

_L + 
Trimmer 

and Fodder 
Capacitor 



capable of storing electrical energy. They block the 
flow of direct current' while allowing alternating and 
pulsating currents to pass. 

Variable capacitors are used in Radio fre-
quency and oscillator circuits. Their capacity 
may be conveniently varied. They are usually 
found in the form of a movable and fixed set of 
plates. The movable plates are called the rotor 
and the fixed plates called the stator. Air is used 
as a dielectric. Their main purpose is to adjust 
the circuits to resonance. 
Padder and trimmer capacitors sometimes are 

mounted on the variable and can be adjusted with 
a screwdriver. They permit accurate alignment 
of the radio frequency and oscillator circuits. 

Fixed Condenser -Electrolytic 
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Fixed Condenser 
(micA OR PAPER) 

Electrolytic capacitors are a special type of 
fixed capacitors used in direct current circuits 
only. The polarity of these capacitors is clearly 
marked and must be observed. 
These capacitors are usually found in the 

power supply circuit. Mica and paper capacitors 
are other types found in radio. The mica will be 
found in the radio frequency circuit, while the 
paper capacitor will be found almost anywhere 
from the low radio frequency circuits to the 
audio stage. 

FIXED RESISTOR 

RHEOSTAT 

POTENTIOMETER (VOLTAGE DIVIDER) 

Resistors, rheostats and potentiometers are (le-
signed to oppose .the flow of current whether it be 
direct or alternating currents. 

A resistor whose value remains constant is called 
a fixed resistor. On the other hand if the value can 
be changed during operation it is known as a variable 
resistor. 

Rheostats and- potentiometers are variable re-

sistors. The rheostat can be identified by its two ter-
minals. The potentiometers have three terminals. 
There is another important property in radio cir-

cuits called inductance. It is a measure of the ability 
of a ,conductor to produce a magnetic field. 

121)2 

Inductance may be introduced in a circuit in the 
form of coils and transformers. 
This property of inductance is present in a .circuit 

only when the current changes. That is, when it is of 
alternating nature. As the current changes from zero 
to maximum the magnetic field also changes and in 
so doing cuts the conductor and induces in it a coun-
ter voltage which tends to oppose the change in cur-
rent. You will find some type of inductance in all 
stages of a radio circuit. 

AUDIO FREQUENCY 
CHOKE 

AUDIO 
TRANSFORMER 

A wide variety of tubes are used in radio today. 
The ones most frequently encountered are the diode, 
the triode, the tetrocle and the pentode. 
Sometimes when space is limited in a radio, tubes 

are used that have the elements of two tubes com-
bined in one envelope. Examples of these are the duo-
diode, the twin-triode, the duplex-di9de pentode, etc. 

PICTURE TUBE 

The schematic symbol of a tube is usually shown 
by the base of the socket of the tube. The tube has a 
marker or key that fits into a similar marker in the 
socket. The reason for this being a precaution against 
burning the elements in the tube. In this manner the 
tube must be inserted always in the same way. The 
marker or key as it is sometimes called is clearly 
shown at the bottom of the circle representing the 
tube socket. Terminals of the elements within the 



tube are indicated and numbered. The numbers being 
in a counter clockwise direction with number one 
located to the left of the key. 

1. SOLDER 

2. CAP INSULATOR 

5. ROLLED LOCK 

4. CAP SUPPORT 

b. GRID LEAD sHIELD 

6. CONTROL GRID 

7. SCREEN 

8. SUPPRk.ssOR 

B. imeernctic SPACER 

10. PLATE 

U. Notarr SUPPORT 

12. SUPPORT COLLAR 

15. GETTER TAB 

14.GLASS BEAD SEAL 

16. FERRIC() EYELET 

16. LEAD WIRE 

17. CRISPER LOCI 

18. ALIGNING KEE 

19. PINCHED SEAL 

20. ALIGNING PLUS 

21. GRID CAP 

22. GRID LEAD WIRE 

25. GLASS BEAD SEAL 

24. FERRIC° HELM 

25. BRAZED RILL 

26. Steel Shell 

27. CATHODE 

28. HELICAL BEATER 

29. CATHODE COATING 

50. PLATE INS. SUPPORT 

51. PLATE LEAD COONECTIOW 

52. INSULATING SPACER 

55. SPACER SRI= 

54. SNELL TO HEADER 
SEAL WILD 

55. HEADER 

58. SHELL CONNECTION 

57. OCTAL BASE 

56. BASE PIN 

59. SOLDER 

40. EXHAUST TUBE 

Cross-section of a typical RCA Metal Tube. 

This diagram illustrates in detail the construction of a modern radio tube. All 
elements are clearly indicated. The complexity of the modern tube ie here readily 
apparent. A good basic understanding of tube design and function is essential 

to good radio building. 

Now that we have been intróduced to tlie actual 
parts and the symbols that represent those parts let 
us look at the schematic below and see just how many 
symbols we can identify. 

Of course a good idea would be to make a note of 
the symbols you did not recognize and refer to them 
until you are sure you will not have that difficulty 
again. 
Our next step would be to know the different cir-

cuits in the radio so that we can trace the current 
through these circuits. 

Let's start with the filament circuit in our sche-
matic which is located in the lower left hand corner 
of our diagram. Incidentally those filaments are:lo-
cated within the tubes, but to make the diagram 
clearer by eliminating a lot -of lines the filamPnt cir-
cuit is usually shown in some corner of the diagram. 
The first symbol we see is that of a male plug that 

fits into any wall receptacle. Then there are two lines 
that make connection to the plug. Starting along the 
bottom line we come to the switch. Its purpose is to 
turn the radio on or off. Above the switch is the sym-
bol for a fuse. 
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It protects the parts in the radio in case of a short 
circuit. 

- 455 WC 



Then we see a capacitor. 

S P S T. SW 
ON vOLumt 
CONTROL 

1u5 V 

ec-oc 

No 47 
PILOT Lamy 
II-0v 0 154 

FUSE 
.05 mr 

o  

We can tell it is connected across the line be-
cause of the heavy clots. When one line crosses 
another and no connection is intended then there 
is no heavy dot. Moving along the bottom line 
again we come to the second clot. Let's move up 
now and to the left to the first filament which is 
the 12 S Q 7. Suppose we look at the 12 S Q 7 
tube and see if we can locate the terminals that 
connect this filament. 

From the symbol we see that the external termi-
nals are number seven and number eight. As we go 
on tracing the circuit, we pass the filaments of the 
12 SA 7, the 12 S K 7 the 50.1,6 and the 35Z5 tubes 

through the fuse and back to the plug. That com-
pletes the filament circuit. 

It does seem strange to have wires inserted within 
the tubes and tied together to form a closed loop for 
no apparent reason. Any substance whether it be in 
a solid, liquid, or gaseous state offers resistance to 
the floyk, of current. Then why do we need a filament 
circuit in a radio? This same circuit is often referred 
to as the.heater circuit and its function is to heat the 
cathode. The cathode plays an important part—it 
supplies the electrons necessary to operate the tube. 
It consists of a thin metal sleeve coated with electron-
emitting material. The filament, or heater, is placed 
within the sleeve, and is insulated from it. In opera-
tion, the filament heats both the cathode sleeve and 
the coating- to the electron-emitting temperature. 

Referring to our diagram again you will notice that 
the filament is the only element within the tube that 
has two external terminals. All the rest have only 
one terminal to make connection with. We pointed 
out earlier in Qur explanation that in order to have 
a flow of current we needed a closed loop. Then some-
thing must take place within the tubes to complete 
the remaining circuits. The simple schematic dia-

gram below shows a plate, a filament and a cathode. 
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The plate is at a higher potential than the cathode. 
When the filament heats the cathode to the emitting 
temperature, the electrons move at a high velocity 
thru the vacuum of the tube to the plate. To illustrate 



The control grid has the most effective control 
over the flow of electrons thru the tube. It is like the 
traffic cop on the corner. He blows his whistle and 
puts up his hand to stop the traffic. Then he signals 
the traffic to move on again. In the same way the 
control grid signals the traffic of electrons to move. 
Sometimes more electrons move to the plate while 
other times there are less. It all depends upon the 
potential of the grid. Because of this varying voltage, 
an A. C. component is impressed on the D. C. poten-
tial of the plate. This changès the D. C. voltage to a 
pulsating D. C. The primary of a transformer is 
usually connected to the plate of the R.F. stage. Since 
the current in the plate circuit is varying it induces 
a voltage into the secondary of the transformer and 
that voltage is applied to the grid of the next tube. 

Now that we have this information let's trace the 
signal from the antenna to the speaker. 
The electro-magnetic waves thru the air strike the 

antenna and induce a voltage in it. This voltage is 
applied to the control grid of the first tube. Being of 
alternating nature it controls the flow of electrons 
thru the tube. At the same time the oscillator gener-
ates a voltage and is also applied to the same tube. 
The difference of these two voltages causes the 
change in current in the plate circuit. This change in 
current induces a voltage in the secondary of the 
transformer which is applied to the grid eef the I.F. 
tube. As the signal is applied from stage to stage, it 
is amplified many times over. When it reaches the 
next stage the I.F. signal is changed to an audio note. 
It is then applied to the grid of the output tube. From 
there, the electrical impulses vibrate the diaphragm 
of the speaker. In doing so, these impulses are 
changed to sound, and we hear our radio programs. 
The diagram we have taken you through step by 

step is similar to any other radio diagram you may 
ever be called upon to analyze. 

In some sets you will find additional circuits for 
automatic push button tuning or combination 
phonograph and radio. These things are merely ad-
ditions to a basic radio circuit arrangement such as 
we have jiist explained. You can trace out the cir-
cuits for these additional features in a set the same 
way you have checked the preceding diagrams. 
The balance of this book is composed of data 

and diagrams. The data section includes specially 
prepared material to explain many important 
phases of servicing. You will find explanations of 
such things as Impedance, Inductance, React-
ance, Frequency Modulation, Resonance and 
dozens of other important subjects. 

Several pages of the book are devoted to ex-
plaining how to read and use nomograms. 
The second portion of the book contains dia-

grams of Radio, Television sets and Public Ad-
dress equipment. We have had the cooperation 
of the Industry in compiling this valuable collec-
tion of modern diagrams and in addition to 
giving you practical material for on the job serv-
icing these diagrams also provide material you 
need to learn diagram tracing. With the instruc-
tions you have had you should not have any 
difficulty analyzing these diagrams. 



SECTION II 

Component Identification, Ch arts, Nomographs, Audio Data 

RESISTOR COLOR CODE 

Preferred Vahms of Resistance 

,±10% 
D weaver 

±5% 
D .. gold 

Old 
Standard 
Resistance 
Values 

Color Coding Preferred Values of Resistance 
Old 

Standard 
Resistance 
Value* 

Color Coding 

±20% 
D =no col. A 14 C 

±20% 
D = no col. 

±10% 
D...silver 

±5% 
D .. gold A B C 

SO Green Black Black 25,000 Red Green Orange 
51 Gaon Brown Black 27.000 27,000 Bed et Orange 

56 56 Green Blue Black 30.000 30,000 Orange Black Orange 
62 Blue Red Black 33,000 33,000 33.000 Orange Orange Orange 

68 68 68 Blue Gray Black 36,000 Orange Blue Orange 
75 75 Violet Green Black 39,000 39,000 Orange White (hang° 

82 82 Gray Red Black 40,000 Yellow Black Orange 
91 Whits Brown Black 43,000 Yellow Orange Orange 

100 100 100 160 Brown Black Brown 47,000 47,000 47,000 Yellow Violet Orange 
110 Brown Brown Brown $0,000 Green Black Orange 

120 120 Brown Red Brown 51,000 Green Brown Orange 
130 Brown Orange Brown 56,000 56.000 Greet Blue Orange 

150 150 150 150 Brown Green Brown 60,000 Blue Black Orange 
160 Brown Blue Brown 62,000 Blue Red Orange 

180 180 Brown (.ray Brown 68,000 68,000 68,000 Blue Gray Orange 
200 200 Bed Black Brown 75,000 75,000 Violet Creel, Orange 

220 220 220 Bed Rod Brown 82,000 82,000 Gray Bed Orange 
210 Red Yellow Brown 91.000 White Brown Orange 

250 Red Green Brown 100,000 100,000 100,000 100,000 Brown Black Yellow 
270 270 Red Violet Brown 110,000 Brown Brown Yellow 

300 300 Orange Black Brown 120,000 120,000 120,000 Brown Red Yellow 
330 330 330 Orange Orange Brown 130,000 Brown Orange Yellow 

350 Orange Green Brown 150,000 150.000 150,000 1.50,000 Brown Green Yellow 
360 Orange Blue Brown 160,000 Brown Blue Yellow 

390 390 Orange White Brown 180.000 180,000 Brown Gray Yellow 
400 Yellow Black Brown 200,000 zoo,ces Red Black Yellow 

430 Yellow Orange Brown 220,000 220,000 220,000 Red Red Yellow 
450 Yellow Crean Brown 240,000 Red Yellow Yellow 

470 470 470 Yellow Violet Brown 250,000 Red Green Yellow 
soo Green Black Brown 270,000 270,000 Red Violet Yellow 

510 Green Brown Brown 300,000 300,000 Orange Black Yellow 
560 560 Green Blue Brown 330,0U 330,000 330,000 Orange Orange Yellow 

600 Blue Black Brown 360,000 Orange lilac Yellow 
620 Blue Red Brown 390,004.1 390,000 Orange White Yellow 

680 680 680 Blue Gray Brown 400,000 Yellow Black Yellow 
750 750 Violet Green Brown 430,000 Yellow Orange Ye/low 

820 820 Gray Red Brown 470,000 470,000 470,000 Yellow Violet Yellow 
910 White Brown Brown 500,000 Green Black Yellow 

1000 1000 1000 1000 Brown Black Red 510,000 Green Brown Yellow 
1100 Brown Brown Red 560,000 se,000 Green Blue Yellow 

1200 1200 3200 Brown Red Red 600,000 Blue Black Yellow 
1300 Brown Orange Bed 620.000 Blue Red Yellow 

1500 1500 1500 1500 Brown Green Red 680.000 680,000 680,000 Blue Gray Yellow 
1600 Brown Blue Red 750,000 750,000 Violet Green Yellow 

1800 1800 Brow ,, Cray Red 820.000 820,000 Gray Red Yellow 
2000 2000 Bed Black Fled 910.000 White Brown Yellow 

2200 2200 2200 Red Red Red 1.0 Meg. 1.0 Meg. 1.0 Meg. 1.0 Meg. Brown Black Green 
2400 Red Yellow Red 1.1 Meg. Brown Brown Green 

2500 Red Green Red 1.2 Meg. 1.2 Meg. Brown Red Green 
2700 2700 Fled Violet Red 1.3 Meg. Brown Orange Green 

3000 3000 Orange Black Red 1.5 Meg 1.5 Meg. 1.5 Meg. 1.5 Meg. Brown Green Green 
3300 3300 3300 Orange Orange Red 1.6 Meg. Brown Blue Green 

3500 Orange Creel, Red 1.8 Meg. 1.8 Meg. Brown Gray Green 
3600 Orange Blue Red 2.0 Meg. 2.0 Meg. Red Black Green 

3900 3900 Orange White Red 2.2 Meg. 2.2 Meg. 2.2 Meg. Red Red Green 
4000 Yellow Black Red 2.4 Meg. Red Yellow Green 

4300 Yellow Orange Red 2.7 Meg. 2.7 Meg. Bed Violet Green 
4700 4700 4700 Yellow ‘iolet Red 3.0 Meg. 3.11 Meg. Orange Black Green 

5000 Green Black Red 3.3 Meg. 3.3 Meg. 3.3 Meg. Orange Orange Green 
5100 Green Brown Red 3.6 Meg. Orange Blue Green 

5600 5600 Green Blue Red 3.9 Meg. 3.9 Meg. Orange White Green 
6200 Blue Red Red 4.0 Meg. Yellow Black Green 

6800 6800 6800 Blue Gray Red 4.3 Meg. Yellow Orange Green 
7500 7500 Violet Green Red 4.7 Meg. 4.7 Meg. 4.7 Meg. Yellow Violet Green 

8200 8200 Cray Red Red 5.0 Meg. Green Black Green 
9100 White Brown Red 5.1 Meg. Green Brown Green 

10,000 10,000 10.000 10,000 Brown Black Orange 5.6 Meg. 5.6 Meg. Green Blue Green 
11,000 Brown Brown Orange 6.0 Meg. Blue Black Green 

12,000 12,000 12,000 Brown Red Orange 6.2 Meg. Blue Red Green 
13.000 Brown Orange Orange 6.8 Meg. 6.8 Meg. 6.8 Meg. Blue Gray Green 

15,000 15.000 15.000 15,000 Brown Green Orange 7.0 Meg. Violet Black Green 
16.000 Brown Blue Orange 7.5 Meg. Violet Green Green 

18,000 18.000 Brown Gray Orange 8.0 Meg. Gray Black Green 
20.000 20,000 Red Illeck Orange 8.2 Meg. 8.2 Meg. Cray Bed Green 

22.000 22,000 22.000 Red Red Orange 9.0 Meg. White Black Green 
24,000 Red Yellow Orange 9.1 Meg. White Brown Green 

10 Meg. 10 Meg. 10 Meg. 10 Meg. Brown Black Blue 

Standardized coding for resistance value 
identification is confined to ten colors 
and figures as shown: 

Figure Color 

o 
2 
3 
4 
5 
6 
7 
8 
9 

Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 

The body (A) of the resistor is colored to represent the finit 
figure of the resistance value. One end (B) of the resistor is 
colored to represent the second figure. A band, or dot (C) of 
color, representing the number of ciphers following the first 
two figures, is located within the body color. The two dia-
grams illustrate two interpretations of this standard method 
of coding resistance value. 

The color "D" appearing on the body of the axial cad 
resistor and on the end of the radial lead type, is used to indi-
cate tolerance value. 

If no color appear' in the peeition shown on the resistors. 
the tolerance is ± 20%. If the resistor has a silver dot or band. 
the tolerance is ± 10%. while Ifa gold color is employed, the 
resistor is within ¡5% of the specified value. 
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A DECIBEL NOMOGRAM 
Most useful of graphic charts, the nomo-

gram is "equivalent to an infinite number 

of graphs." This one can be used to find 

a number of solutions to decibel problems 

ANY problems may be solved by 
graphical means. An advantage 
of such representations is the 

bird's-eye view which results. To con-
nect two variables it is common to plot 
a chart which is a line or curve, every 
point of which indicates one variable 
in terms of the other. Charts may be 
designed to correlate frequency vs. dial 
setting, antenna length vs. reactance, 
plate voltage vs. plate current, etc. 
Another type of graph is the nomo-

graph, which is useful in certain ty pes 
of problems. This is usually designed 
to contain three lines or curves, each 
calibrated in terms of a variable. The 
nomograph differs from the ordinary 
chart in that the reader supplies his 
own indication by the use of a straight-
edge, preferably a celluloid or other 
transparent ruler. 

Suppose we wish to show the varia-
tion of three quantities: Two may be 
shown on a chart, but there is no way 
of showing the third, which will have 
to be assumed constant. We would 
need an infinite number of curves on 
our chart, each corresponding to some 
value of the third variable. A nomo-
graph is therefore equal to an infinite 111011 -

ber of graphs. This is the key to its 
usefulness. 

A useful nomograph is that relating 
db gain or loss to voltage or power 
ratio. The three variables are input, 
output and decibels. In the figure, the 
left-hand scale is calibrated .in values 
from 1 microvolt to 100 volts in two 
sections, A and B. The right-hand scale 
indicates from one-half volt to 500 
volts. The center scale shows decibels 
in two sections, C corresponding to A 
and D corresponding to B. 
As the nomograph stands it indicates 

voltage gain or loss, but since current 
varies directly with voltage in any con-
stant impedance circuit, amperes may 
be substituted for volts and micro-
amperes for microvolts. To extend to 
power values the center scale must be 
divided by two for all readings. 
To work out a problem, connect the 

larger of the two voltages, currents or 
powers at scale E with the smaller at 
either A or B by means of the ruler. 
If the output is larger there is a gain, 
otherwise a loss. The answer is read off 
at C or D. 
Four lines are shown on the figure as 

examples. 
1—We wish to find the voltage gain 

of an audio amplifier. Making measure-
ments with a v.t.v.m. we find the output 
is 55 volts when the input is .15 volt. 
There is a GAIN of 51.3 db (Line A). 
2—We have an r.f. tuner • and after 

repairing and aligning we wish to fino 
its amplification. Applying a signal 
generator to an artificial antenna we 
find an output of 3 volts when 1600 

microvolts is measured at the input. 
The GAIN is 65 db (Line B). 
3—How much attenuation must we 

use to obtain an output of .51 volt 
when 20 volts is applied to the atten-
uator? All impedances are assumed 
matched. We must design an attenua2 
tor to have a 31.9 db loss (Line C). 
The same line may he used to show the 
output when the input and the attenua-
tion are known. 
4—As mentioned before, power cal-

culations are the same except that the 
db scale is read off as one-half its 
value. The catalog lists a particular 
amplifier as having 10 watts output. 
What is its power gain (above 6 milli-
watts) ? Connect 10 at E with 6000 at 
A. The gain is 64.2 divided by 2, equals 
32.1 db (Line D). 
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SECTION III 

Special Purpose Units, Alignment Methods, 

Ratio Detector Analysis 
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Applications for Phototubes 

Burglar Alarm . 
The phototube can be used to operate an alarm system when its light 

beam is cut off by an undesired entry of someone. It can be a fairly 
simple arrangement, as shown in the diagram, or quite complicated, 
depending on the installation. External alarms require fairly rugged 
weather-proof equipment and consideration must be given to operation 
under various weather conditions. All of the visible light from the 
light source can be eliminated by the use of an infra-red filter. 

MIRROR WINDOW 

wm00,1 

PHOTOTU BE 

DESK 

DESK 

C:7 
J.! 

tIGHT SOURCE 

BURGLAR ALARM 

MIRROR 

DOOR 

MIRROR 

Opening and Closing Doors . . 
Mechanical door openers employing the action of opening and closing 

doors can be made completely automatic by the use of phototube control. 
This automatic device is especially suitable for garage door, restaurant 
kitchen door, and similar places, for the sake of convenience and time-

saving. 
Mechanically operated garage doors are equipped with one push button 

for opening and another for closing. A phototube in a light-on energized 
circuit with its relay connected across the terminals of the opening push 
button may be used as a controlling device. The car driver simply 
shines the headlights on the phototube which energizes the circuit, operates 
the relay and opens the garage door. 

For swinging doors in restaurants or bars, a different arrangement an». 
circuit are to be used. Three phototubes in series are to be installed as 
in the diagram. Tubes 1 and 2 are operated from either approach, and 
tube 3 is used to hold door open when someone remains in the doorway. 
When the door closes, tube 3 is short-circuited by switch 4. Since the 
dark resistance of a tube is several times greater than that of a tube when 
illuminated, blocking the light beam of either tube 1 or 2 which are 
connected in series will greatly reduce the current output and thus operate 

the relay. 

Water Level Gauge . . 
By means of a column of phototubes, a simple and reliable gauge to 

indicate the level of water or other liquid can be constructie as shown 
in the diagram. When a beam of light shines through a column of 
liquid, it is refracted. By virtue of this fact, the beams of the light source 
of this water level gauge are adjusted so that they do not strike the 
phototubes unless there is liquid to refract them. Any desired number of 
tubes may he used. A meter connected to the output will read in direct 
proportion with the number ot tubes illuminated. 
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Relay Circuit Energized 
by Increase in Light 

In using this circuit, adjust R3 so that the bias voltage 

is just negative enough to prevent the thyratron, 2051, 

from conducting, at a predetermined light level. When 

there is an increase in light, the increase of current in 

the phototube, in turn, reduces the negative grid voltage 

through the voltage drop across R. The 2051 conducts 

and closes the relay. RI is to be selected according to the 

desired sensitivity of the circuit. The function of R7, 

is to keep the current within the current rating of the 

relay and the 2051. It is not needed, if the relay has a 

sufficiently high resistance. The condenser is to prevent 

the relay from chattering. 
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Counting . . . 
The simplest use of phototubes is that of counting, with the aid of relay 

and counter. A beam of light shines across a conveyor belt into a photo-
tube which is used in a light-off energized circuit. When the light beans 
is intercepted by the object on the conveyor belt, the change in current 
actuates the relay which, in turn, operates the counter. If two objects of 
different sizes are to be counted, two phototubes may be arranged at dif-
ferent heights. The top beam is high enough so the large object will 
intercept it. When the large object cuts the top beam and the bottom 
beam, the phototube operates one counter. In doing so, it opens the re-
lay of the second counter. Only when the bottom beam is cut by the 
small object, the second counter registers. With the same principle, 
three or more objects of different sizes on the same conveyor belt can be 
counted. 

If a mechanism operated by the same relays is mounted to separate the 
two objects, the counting system may serve, at the same time, as a sorting 
system. 

Turbidity Control... 
In the process of manufacture or purification of liquids, an 

automatic system can be set up to inspect the clarity or turbidi• 
ty of liquid. Foreign matters picked up by rapidly moving 

liquid may cause contamination if they are not detected and 
eliminated immediately. The arrangement of this automatic 
system is very similar to that of smoke control. 

The diameter of the pipe where the phototube is to be in-
stalled should preferably be fairly large. Arrangement as in 
sketch is recommended if the pipe is rather small. 

PHOTOTUBE 

SO It f LAYS 

WATER 
INLET 

— .. 

*---" LIGHT 
SOURCE 

WATER 
OUTLET 

TURBIDITY CONTROL 

Smoke Control • • • 

By virtue of the fact that the current of phototubea varies in proportion 
with intensity of light beam, many phototube control units have been 
designed to control, indicate, or adjust smoke density of industrial stacks. 
Aside from the fact that operating companies are required to comply with 
the smoke ordinances, improper combustion results in a waste of fuel. 
The photorube control may be used to indicate smoke density or to 
register a continuous or permanent record or to operate a mechanism 
that controls fuel feeding. Generally, when smoke density exceeds a 
predetermined density, an alzrm is set off by the change of current in 
photoru be. 
To install a smoke indicator, two openings are cur in opposite sides of 

the stack. In one opening a phototu.be is installed and in the other a 
light source which directs a beam against the tube. The intensity of the 
beam of light transversing the stack is determined by the density of smoke, 
and the corresponding current in the phototube with the aid of an ampli-
fier can be used to operate an alarm system or adjust directly the fueling 
mechanism. The indicating or recording instrument is usually calibrated 
into Rengelmann smoke units. 
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Traffic Control 
By means of photorube-controlled traffic lights, 20% of car-seconds 

were saved. When riding on a major highway, it is annoying as well as 
wasteful of time to stop at a red traffic light when there is no car travelling 
on the minor highway. The phototube control makes it possible to give 
the major highway green light all the- time except when there is a car 
approaching the traffic light on the minor highway. 

The arrangement of light sources and phototube units is shown in the 
diagram. The light source, quite similar to automobile spotlight, sends 
a beam of light across the street to the phototube unit which was equipped 
with a lens to permit only the beam from light source to shine on the 
phototube surface. 
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Boat Radios 
You cannot simply resign yourself to 
getting your feet wet, and then get 
out to push the boat. And you just 
don't handcrank a large marine en-
gine. 

Before selling and installing that 

radio, check the boat's storage bat-
tery capacity against its lights and 

contemplated radio drain. Additional 
storage batteries, in some cases, may 
not be the best solution. 
Weight is important aboard ship. 

The deeper in the water the boat 

sits, the harder it's going to be to 
move her. If this factor is not too 
important, however, an additional 
battery may be installed, and the 
generator's rate of charge stepped up 

correspondingly. Otherwise, a dry-
battery portable receiver may be 
needed. 

Connecting the radio to the boat's 
power supply will introduce ignition 
noise, and probably auxiliary motor 
noise. This interference may be 
treated in the same fashion it would 

be treated ashore with one basic 
difference . . . don't use spark plug 
tuppressors I 

Why Suppressors Are Out 

Suppressors should never be in-
stalled in a marine engine. In most 
cases, the inclusion of a resistance 

in the spark circuit will ruin the 
engine. The number of times sup-
pressors may be used with impunity 

are so few that suppressors may be 
considered non-existent aboard ship. 
The reason is this: suppressors 

will not interfere with the starting 
and running of an engine. However, 
at full load, or close to full load, the 
resistors will cut down the amount 
of spark and prevent complete com-
bustion. 

The unburnt gasoline will foul the 
combustion chamber and eventually 
dilute the crankcase oil to the point 
where the bearings and associated 
parts wiil burn up. The gasoline is 

not readily detected on the oil gauge 
stick or pressure gauge. However, 
the tachometer will show low RPM. 
Suppressors can be used without 

ill effect on most cars, since they are 
very seldom, and then for a short 

period only, operated at full power. 
The modern car engine is "revved 
up" to full power only when the car 
pushes ninety, or when it is racPd 

up a steep hill in second gear. These 
periods are too short to permit the 
gasoline to accumulate dangerously 
in the crankcase. 
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However, when a boat owner in-
stalls a hundred horse motor in his 
boat he uses that full hundred a great 
deal of the time he is under way. To 
double the speed of a boat you have 
to square the power. From this, 
derives the natural tendency to open 
the throttle and let it run. 

Ignition interference, a major prob-
lem only in 2-way radiotelephone 
jobs, may safely be suppressed by 
means of complete metal shielding. 
A wall of metal as heavy and of as 

low electrical resistance as is prac-
tical is thrown around the entire 

ignition system, and is grounded to 
the engine at one, or as close to one 
point as possible. The high tension 

primary is filtered. The plugs, dis-
tributor, ignition coil are all inside 
the shield. 

Commercial suppressor "packages," 
designed to be easily installed on a 

variety of standard marine engines, 
are available. They run about $150. 
installed. Care must be excrcised in 
the design to include plenty of insu-
lation and ventilation. The instan-

taneous voltages run upwards of fif-
teen thousand volts, and the ozone 
generated by the electric arcing 
across the points induces corrosion 
and needs to be let out. 

Copper screening tacked to the in-
side of the engine box and bonded 
to form one continuous wall will 
sometimes help enormously. A 

ground plate has been found to be 
very ineffective so far as reception 
and noise suppression is concerned. 
It should not be resorted to except 

or when needed 
transmitting an-

as a final measure 
to counterpoise a 
tenna. 
The generator may be filtered by 

means of a bypass capacitor and 
filter choke. The same holds true 
for the water closet bowl, sump 
pump, ventilating and other auxiliary 
motors aboard the ship. It is almost 
all cut and try work. No two ships, 
even sister ships, built by the same 

company on the same day have been 
found to respond exactly alike. 

:EFFERSON-TRAVIS MR-3 

A YC 

Jefferson-Travis model MR-3 is on example of on oc -dc-battery portable designed for shipboard installation. 
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TV Service Hints 
Coupling Sweep and 
Marker Generators 
to Receiver 

When using a sweep generator, 
marker generator and oscilloscope to 
check the I-F response curves of a tele-
vision receiver, it is sometimes difficult 
to obtain the correct balance between 
sweep output and marker output. This 
is particularly true when the ranges of 
the individual attenuators are limited. 
For best results, the amplitude of the 

applied sweep voltage as well as that 
of the marker voltage must be adjusted 
to a fairly critical level. 
The coupling method shown above 

provides additional control of the 
sweep and marker voltages. By sliding 
the tube shield up or down on the tube, 
the capacitance between the shield and 
the tube elements is varied, and the 
coupling can be adjusted as desired. 
Another advantage of this method is 
that it is not necessary to make a di-
rect connection to the circuit under 
test; simply slide the tube shield over 
the converter tube. Any tube shield can 
be used provided that it fits the tube 
snugly and does not ground to the 
chassis. Courtesy Westinghouse. 

Antenna Stubs 

Occasionally we hear of or recom-
mend the use of a quarter-wave stub of 
transmission line for trapping out un-
wanted signals or partially attenuating 
powerful interfering nearby TV stations. 
This is satisfactory as far as the reduc-
tion or elimination of the undesired sig-
nal is concerned, but it will also cause 
a change in the R-F response curve of 
the head-end unit on channels close to 
the tuned frequency of the stub. This 
may result in a serious impairment of 
the picture detail due to smearing. 

It has been found that it is much more 
desirable to insert a small capacitor in 
series with each line of the stub at the 
point where the stub fastens to the 
head-end terminals. These capacitors 
should be 5 mrrif. for stubs in the low 
frequency TV spectrum and the FM 

band, and 2 rnmf. for stubs used in the 
high frequency band. This gives a 
series parallel tuned trap which is much 
sharper in response and will not affect 
the response curve of the head-end unit 
unless the stub is tuned directly in the 
channel. 
The capacitors in the tuning stubs re-

sult in a longer piece of line being used 
for a particular frequency. The best 
method of determining the proper length 
of line is to clip off small portions until 
maximum attenuation is obtained. 

—Courtesy General Electric Co. 

Matching 72 Ohm 
Coax Cable to 300 
Ohm Balanced Input 

In some areas it may be desirable to 
use 72 ohm coaxial cable as a trans-
mission line between the antenna and 
the receiver in order to reduce noise 
pickup. The problem of matching the 
coaxial cable to the receiver input in 
such installations can be solved as 
shown.' 

The matching section should be one 
half wavelength long at the most criti-
cal frequency. If reception is possible on 
one channel only, cut the matching 
section to the video carrier frequency of 
that channel. If operation on more than 
one channel is possible, cut the match-
ing section to the video carrier fre-
quency of the weakest signal.—Courtesy 
Westinghouse. 

Ground Connection 
to Aquadag 

Wear or vibration may sometimes de-
velop a poor connection between the 
outside coating of the cathode ray tube 
and its grounding springs. The atten-
dant arcing at that point can result in 
tearing of the picture and insufficient 
picture width. 
To insure a permanent ground con-

tact, a piece of aluminum foil may be 
inserted between the aquadag and the 
grounding springs. This foil, one side 
of which is coated with adhesive, is 

first cut to size of 1" x 11/2 . OnE 
edge is then folded " over the ad-
hesive side of the foil. Finally, the foil 
is placed between the aquadag and the 
grounding spring in such a manner that 
adhesive holds the foil to the aquadag, 
the spring bears against the uncoated 
side of the foil, and the uncoated side 
of the /r 4" fold bears tightly against the 
aquadag.—Courtesy Westinghouse. 

Shielded 300-Ohm Line 

STEP 

Remove a 3" leng.h of outer jacket 
from both ends of Federal KAI! cable. 

111111Molle 

STEP 2 

Remove o 2" length of copy. , braid. 

STEP 3 

Pull th• remaining I"of braid over 

fte• outer jacket. 

 t4-11 

STEP 4 
Soldar a 4"pigtall o' #18 

A.W.G. to braid.Strip I" of polyethylene. 

STEP 5 

Tape each end of cable with scotch in— 

sulating tope (Minnesota Mining and 

Mfg. Co.#33 or#22 Scotch Electrical 

Tape or equivalent ) to prevent water 

or moisture from entering or condensing 

under jacket. An alternative method 

would be to apply o [octal eater-proof 

plastic seal over exposed ends. Crimp 

lugs over tubing and solder leads to 

lugs (use minimum amount of heat ) 

Pigtail from braid should be con-

nected to mast at upper end and to 

chassis through a .05 mfd. condenser 

at the lower end. 

—Courtesy Federal Telephone & Radio Co. 
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Figure 9-3. A transistorized hearing aid circuit. Parts values are as follows: 

TRI, TR2 - RAYTHEON type CK718 PNP junction transistors. 
TR3 - RAYTHEON type CK718 or CK721 PNP junction transistors. 
Ti - STANCOR type UMII2 t •an..istor transformer. 
T2, T3 - STANCOR type UM11( transistor transformer. 
T4, - STANCOR type UMW transistor transformer. 
RI, R2 - 10K-15K resistors*. 
R3 - 50K-100K resistor*. 
R4 - VOLUME control - 4K-8K. 
Ci,C2,C3 - Large interstage coupling capacitors - 2-5 mid. 
M - High impedance microphone (crystal or dynamic). 
B1 - Power supply battery ... 1.5 to 6.3 volts. 
Swi - SPST "Off -On" switch. 
PHONE - Low impedance hearing aid type earphone. 

•These resistor values will vary with battery voltage and transistors used. Choose 
final values experimentally for best operation. 

CREDIT: Circuit Courtesy STANCOR. 

Figure 9-2. A transistor-operated phonograph amplifier. Parts values are as follows 

TRI - CBS-HYTRON type 2N36 PNP junction transistor. 
TR2, TR3 - CBS-HYTRON type 2N37 PNP junction transistors. 
R1 - VOLUME control, 10K. 
R2 - 100K resistor. 
123 - Output bias control, 25K. 
C1 - 1 mfd. 
Ti - Interstage Transformer; 3:2 turn ratio. 
T2 - Output transformer; 4000 ohms to speaker voice coil. 
Swi - SPST "Off-On" Switch. 
Bi - Tapped battery .. or separate batteries providing 6 and 18 volts. 
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Connect the output meter to the receiver in the 
conventional manner. Adjust the signal generator 
to the required I. F. of the receiver, connecting 
it to the input grid of the mixer tube, generally 
allowing the grid lead disconnected. Adjust the 
I. F. condensers to the maximum reading of the 
output meter. If the signal does not go thru, 
connect the signal generator to the input grid of 
the last I.F. tube, then connect the signal gen-
erator to the preceding stages. 

Transfer the signal generator connections to the antenna and ground of the receiver. 

Tune the receiver to band #1 (generally the broadcast band). If the receiver has a 
wave trap, the trimmer (g) is adjusted to minimum reading of the output meter, when 
the signal generator is tuned to the I. F. and the tuning condensers are tuned to 
the low frequency end of the broadcast band. 

Adjust the signal generator and the receiver to 1400 k.c. Adjust the high frequency 
trimmers (a) to maximum reading of the output meter. 

Adjust the signal generator and the receiver to 600 k.c. Adjust the low frequency 
trimmer (e) to maximum reading of the output meter. 

Tune the receiver to band #2 (generally the first short wave band) 

Adjust the signal generator and the receiver to the required frequency of band #2. 
Adjust the high frequency trimmers (h) to the maximum reading of the output meter. 

Adjust the signal generator and the receiver to the required low frequency and ad-
just the low frequency trimmer to the maximum reading of the output meter. 

The same procedure is followed with bands #3 and #4, the high frequency trimmers 
(c) and (d) are adjusted for maximum reading of the output meter in their respective 
bands. 

NOTE: Keep output of the signal generator low in value, allowing just enough signal 
to give a readable induction on the output meter. Above frequencies do not apply to 
all receivers, check with manufacturers aligning data. 



THE RATIO DETECTOR 
DISCRIMINATOR 

The ratio detector, appearing first in RCA f-m re-
ceivers. is a device for converting a frequency modu-
lated carrier to an audio signal, while at the saine time 
offering a high degree of attenuation to any incident 
amplitude modulation. The relative insensitivity to am-
plitude variations, which is an inherent characteristic 
of ratio detectors, enables them to be used without the 
usual preceding limiter stage, thus affording the use of 
a high gain i-f stage instead of the low-gain limiter. 

Theory of Operation 

A brief review of the theory of the discriminator detector 
will help the serviceman to understand the action of the 
ratio detector. 

Figure 1 portrays a conventional discriminator stage, and 
it can be seen that it consists essentially of two diode rectifiers 
which are differentially connected so that the d-c potentials 
across their respective load resistors are subtractive. These 
two d-c voltages (across RI and R2 in Figure 1) are propor-
tional to the a-c voltages applied to the diodes. The a-c 
voltage applied to each diode is the vector sum of El and the 
voltage across that half of LI which is connected to the diode 
plate, as shown in the diagrams of Figure 4. El has practically 
the same amplitude and phase as the voltage across the tank 
in the limiter plate circuit. The current in this same tank 
circuit induces a voltage in LI, which causes a circulating 
current to flow in the resonant circuit composed of LI and CI. 
E2 and E3 are the voltage drops which occur across each half 
of LI as a result of this circulating current. When the carrier 
frequency is equal to the frequency at which the discriminator 
transformer is tuned (Fig. 4A), the a-c voltage applied to 
diode 1 equals that applied to diode 2, therefore the rectified 
voltages are equal and since they are bucking voltages, the 
output of the discriminator is zero. 

When the carrier frequency increases during a half cycle of 
modulation, the phase relations between El, E2 and E3 change 
in accordance with Figure 4B, and it is evident that the vector 
sum of the voltages applied to diode 2 exceeds the vector sum 
of the voltages applied to diode 1, resulting in a higher rectified 
voltage across R2 than across RI. The instantaneous differ-
ence of the rectified voltages appears as a negative voltage in 
the discriminator output. Figure 4C shows the condition 
occurring when the carrier frequency swings below the resonant 
frequency of the discriminator transformer, the end result 
being a positive voltage at the output of the uiscriminator. 

The important fact in discriminator action is that the output 
voltage is proportional to the difference between Ediode 1 and 
Ediode 2. This is true because the d-c voltages appearing 
across RI and R2 vary directly with Ediode 1 and Ediode 2, 
respectively, a:kd the instantaneous output voltage is the 
difference between the rectified voltage drops. 

In considering the effect of amplitude variation on discrim-
inator output, refer again to the vector diagrams of Figure 4. 
An increase in the amplitude of the voltage applied to the 
discriminator would increase all of the vectors in the diagram 
proportionately. In other words, the effect would be as though 
the vector diagrams were enlarged photographica"y. It can 
be seen that while the phase relationships would remain the 
same, the difference between Ediode 1 and Ediode 2 would 
increase, so long as the frequency of the applied voltage differed 
even slightly from the receiver i-f. Thus components of ampli-
tude modulation would be detected and passed on to the audio 
amplifier. Ordinarily, discriminators are preceded by limiters 
which remove most of the amplitude variation from the f-m 
carrier, but the discriminator itself is not a device capable of 
rejecting amplitude modulation, except when the instanta-
neous frequency of the applied carrier is exactly equal to the 
resonant frequency of the discriminator transformer. This 
condition occurs only twice in every modulation cycle. 

Note that while an increase in the amplitudes of the vectors 
in Figure 4 results in a proportionate increase in the difference 
between Ediode 1 and Ediode 2 for off-resonant conditions, 
the ratio of Ediode 1 to Ediode 2 is a constant, as far as 
amplitude variations are concerned. Therefore, a detector 
responsive only to changes in the ratio of Ediode 1 to Ediode 2, 
and insensitive to changes in the difference between these 
voltages would be a detector capable not only of converting 
frequency variations to audio variations, but of rejecting any 
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A schematic of the fundamental ratio detector is shown in 
Figure 2. C7 and C4 have very little reactance at the inter-
mediate frequency, so it is evident that the parallel resonant 
circuit L2 C2 is the true load for the driver stage, this stage 
being shunt fed. A driver stage, in this case, is nothing more 
than a conventional i-f amplifier preceding the ratio detector. 
L2 is inductively coupled to LI, therefore a comparison of 
Figures 1 and 2 will show that as far as the a-c voltages applied 
to the diodes are concerned, these circuits are almost exactly 
similar, indeed, the same vector diagrams used in the analysis 
of Figure 1 can be used to portray the a-c voltages across the 
diodes in Figure 2. Here the similarity ends, because the ratio 
detector method of extracting intelligence from the f-m carrier 
differs greatly from previously used methods. Diode 1, R3, 
and diode 2 complete a series circuit fed by the a-c voltage 
across LI. Since the two diodes are in series, they will conduct 
on the same half cycle, and the rectified current through R3 
will cause a negative potential to appear at the plate of diode 
1. The time constant of R3 C6 is usually about 0.2 second, so 
that the negative potential at the plate of diode 1 will remain 
nnona•n alvernn n e le•teedace ten lkaa remuneWitlenarl 



Fig. 2—A Sylvania R-4330 has the 

spiral glass discharge tube com-
pletely enclosed (left) and gas 

pressure may be higher than in the 

enclosing envelope. The Amglo 

54R4X (right), however, secures 
comparable results with an open-

end tube and the outer glass en-
velope filled with gas. as well as 

the tube. 
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Fig. 4—Arrangement for charging capacitors in parallel but discharging them 
through individual Ilashtubes by means of a transfer relay. 
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Fig. 5—The basic circuit used in G-E and Sylvania flashtubes. Gas in the tube 
is ionized by a high voltage between an external electrode and grounded terminal. 

Fig. 3—Basic circuit of the flashtube with capacitor C charged from d-c source 
and discharged through relay S into the flashtube FT. 
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Fig. 6—Ionizing voltage may come instead from the discharge of a small condenser 
charged through a potentiometer from the main d-c supply. 



SECTION IV 

TV SERVICING 
with 

PICTURE TUBE PATTERNS 

Analysis of differences between abnormal and normal test patterns 
or television pictures often enables a serviceman to determine the kinds 
of troubles which may be causing the faulty reproduction. Many of the 

picture patterns that appear on TV receivers and the relation of 
these pictures to trouble shooting are described in this book. 

On the following pages under the names ordinarily used to de-
scribe the appearance, due to faulty reproduction, are lists of troubles 

and photographs illustrating these abnormal patterns. The photo-

graphs have been provided through the courtesy of Allen B. DuMont 
Laboratories, Admiral Corporation, RCA, General Electric Company, 
Philco Corporation, Sentinel Radio Corporation and Radio Elec-

tronics Magazine. 

Coyne definitely cautions any inexperienced individual against 
attempting to service a Television receiver. While certain adjustments 
for a better picture can be made from the "dials on the front" under 

no circumstances should anyone but a qualified TV serviceman 
attempt to service a television set. Even qualified servicemen are ad-
vised to observe the following precautions. 

1. Extreme caution should be taken in handling the picture 
tube. The mounting of picture tube is usually constructed 
to provide adequate protection against implosion while 
the tube is in the receiver. Extreme caution is recom-
mended when removal or installation of a picture tube is 

necessary. Here are several things to keep in mind. 

2. Shut off power. 

3. At no time rest the tube in the deflection yoke. 

4. Wear heavy gloves and shatterproof glasses. 

5. Advise everyone except qualified servicemen to stay at 
least 8 feet away from the set while the installing or re-
moval of a picture tube is being done. 

In any probing or testing in any part of the set it is recommended 
that (a) well insulated wire and hooded test clips be used; (b) use 
good test instruments with all lead wires adequately insulated for the 
voltages to be encountered. You should use extreme caution in work-

ing in or near the high voltage section; (c) do not take anything for 
granted—test everything—that is the only way to be sure. 



Fig. 1314.—Sors, Sloping. 

The bars change their degree of slope, their number, and their 
positions as the horizontal hold control is altered. 

Causes for trouble. 

Horizontal hold *control incorrectly adjusted. 

Faulty connections, resistors, or capacitors in circuits for horizontal 
hold control or for horizontal automatic control of sweep frequency. 

See also troubles listed under Movement, Horizontal. 

Fig. 131-16.—Linearity Poor, Vertical 

With poor vertical linearity the pattern or picture is compressed or 
flattened from above, below, or from both directions. 

Causes for trouble. 

Vertical linearity control wrongly adjusted. 

Defective capacitors or resistors, fixed or adjustable, in vertical 
linearity control circuits. 

Vertical sweep oscillator tube defective, or supplied with wrong 
voltages. 

Vertical sweep amplifier tube defective, or supplied with incorrect 
voltages. 

Trouble in any parts which follow the vertical sweep oscillator, and 
which carry sawtooth voltages and currents. 

Vertical sweep output transformer defective. 

Shorted turns in a vertical deflection coil. 

Poor filtering of low-voltage B-power supply. 



FOLDS, HORIZONTAL. Figs. 8 and 9. 

Only part of the picture or pattern is 
clearly recognizable, although more or less 

distorted and compressed horizontally. The 

remainder, usually less than half, appears to 

be stretched horizontally and folded back 
over the first portion. The folded part is 

indistinct, usually with only shadowy out-

Fig. 8. The pattern is folded horizontally. 

lines. There may be only one fold (Fig. 8) 

or there may be several (Fig. 9) to give the 

distinct portion of the picture a corrugated 

appearance. 

The horizontal retrace time, due to dis-
charge of the sawtooth capacitor in the hori-

zontal oscillator-discharge tube circuit, 

actually is longer than the time allowed for 
horizontal retrace in received signals. The 

folded portions of pictures, which are indis-

tinct and shadowy, occur during periods in 
which the picture tube beam should be blanked. 

Damper Tube And Circuit. 

Tube defective. 

Capacitor on low-side circuit of damper 
open or disconnected. 

Linearity control inductor in damper 

circuit shorted, otherwise defective of wrong 
type or wrong inductance. 

Lead from horizontal output transformer 
and damper to the deflecting yoke has poor 

connections or is allowing leakage of current 
through faulty insulation. 

Damper plate or cathode, depending on 
type of circuit, connected to a tap on the hor-

izontal output transformer at which horizon-

tal pulse voltages are not strong enough for 
rapid damping and retrace. 

Boosted B-voltage to the horizontal out-

put transformer and amplifier plate too low. 

Frequency Control Circuits. 

Fig. 9. One large horizontal fold and several 
minor ones. 

Mc tube weak or otherwise defective. 

Mc control misadjusted. This is a con-

trol which operates in the circuits of the afc 

tube, or between that tube and the horizontal 

oscillator. 

Too much resistance in the grid return 

lead of the horizontal output amplifier. 

Too much capacitance has been con-
nected across part of the horizontal output 

transformer or across a width control induc-

tor when increasing the width of pictures. 

Unbalance in resistors on the two sec-

tions of a horizontal phase detector or dis-

criminator, or resistors connected wrong. 

Insufficient feedback to afc tube from 

horizontal sweep circuit. Series capacitor 

too small, or shunt capacitor too large. 
Series resistor too great, or shunt resistor 

too small. The feedback lead may be con-

nected to the wrong point on the horizontal 

output transformer or other parts of the 

sweep circuits. 

Vertical hold control fixed resistors or 
potentiometer of wrong values or defective. 



Fig. 131-16.—Linearity Poor, Vortical 

With poor vertical linearity the pattern or picture is compressed or 
flattened from above, below, or from both directions. 

Causes for trouble. 

Vertical linearity control wrongly adjusted. 

Defective capacitors or resistors, fixed or adjustable, in vertical 
linearity control circuits. 

Vertical sweep oscillator tube defective, or supplied with wrong 
voltages. 

Vertical sweep amplifier tube defective, or supplied with incorrect 
voltages. 
Trouble in any parts which follow the vertical sweep oscillator, and 

which carry sawtooth voltages and currents. 

Vertical sweep output transformer defective. 

Shorted turns in a vertical deflection coil. 

Poor filtering of low-voltage B-power supply. 

Fig. 131-13.—Ghosts. 

There are multiple images in the test pattern or picture. The dis-
placed images, of which there may be one or more, may be so close to 
the principal image or may be so faint as to cause only a blurring effect. 
In other cases the displaced images may be at a considerable fraction 
of inch from the principal image, and may be distinct. 

Causes for trouble. 

Part of the transmitted signal is being reflected from large conductive 
or semi-conductive objects, such as buildings, bridges, tanks, or steep 
hills, and the reflected portion is reaching the receiver antenna a 
fraction of a second later than the direct signal. Try rotating the 
receiving antenna to reject the reflected signal without too much loss 
of direct signal. Fit a reflector, and possibly also a director, on the 
antenna. Try the antenna in various locations. 

Incorrect matching of impedances between antenna and transmission 
line, or between transmission line and receiver input. There are stand-
ing waves on the line. Use antenna and transmission line whose 
impedances match that of the receiver and of each other. 



Fig. 1314.—Centering incerrad. 

Picture or pattern may be too high or too low, incorrect vertical 
centering, or it may be too far to the right or left, incorrect horizontal 
centering, or there may be incorrect centering in both directions at 
once, as in the photograph. 

Causes for trouble. Magnetic deflection. 
Focusing control wrongly adjusted. 
Ion trap magnet in wrong position on picture tube neck, or weak. 
Horizontal hold control misadjusted. 
Focusing coil axis direction requires adjustment. Should be in line 

with picture tube axis. 
Focusing coil too far forward or back. Usually should be Vi to 3/8 

inch from the deflection yoke. 
Focusing coil short circuited. 
Deflection yoke too far back on neck of picture tube, or not centered 

around neck. 
Defective bypass capacitor on focusing control. 
Causes for trouble. Electrostatic deflection. 
Centering control or controls wrongly adjusted. 
Horizontal hold control misadjusted. 
Picture tube shield magnetized. 
Leaky capacitor or capacitors between outputs of deflection ampli-

fiers or oscillators and the picture tube deflection plates. 

fig. 131-30.—Tilting In Mask. 

Causes for trouble. 

Incorrect position of magnetic deflection yoke. Loosen the yoke fasten-
ing while rotating the yoke around the picture tube neck to straighten 
the pattern. 

Incorrect position of electrostatic tube. Rotate the entire tube around 
its axis to straighten the pattern. 



Fig. 131-18.—Lines, Narrow, Allover Pattern. 

Due to beat interference from radio frequency and television fre-
quency signals or voltages originating from outside or within the 
receiver. The number of cycles per second of the interfering frequency 
is equal approximately to the number of lines, either light or dark, 
but not both, multiplied by 15,750. The lines may lie vertically or 
diagonally on the picture tube screen. They weave or ripple and 
change their direction. 

Causes for trouble. 
Interference from f-m radio broadcasting stations operating in the 

area where the receiver is located. Change the direction of the receiving 
antenna. Tune an antenna trap to the interfering frequency. Check 
the transmission line for possible signal pickup. 

Interference from nearby short-wave transmitters. Same remedies as 
for f-m interference. 

Interference from television channels other than the one to which 
the receiver is tuned. Try adjusting the fine tuning control. 

Beating frequency of 4.5 megacycles from sound section of a receiver 
having intercarrier. sound system, or getting past the sound takeoff and 
reaching the picture tube grid cathode circuit through all or part of 
the video amplifier. Check dressing of all grid and plate leads following 
the takeoff. 

Fig. 131-12.—Folded Pattern, Vertically. 

Causes for trouble. 

Vertical hold control incorrectly adjusted. 

Faults in vertical hold control circuit causing vertical deflection 
frequency which is too high. 



SECTION V 

Waveforms 

The preferred method of analyzing the operation of a TV 
receiver is through the use of an oscilloscope. The waveforms 
reproduced in this Section are typical of those found in a 
well-performing commercial receiver. It must be understood 
that circuit variations exist between different manufacturers 
and that the waveforms obtained will be dependent upon 
these circuit variations as well as the signal conditions and the 
quality of the oscilloscope being used. 

Fig. 139-1. 

Fig. 139-1: Taken at the top of the video detector load 
resistor. This is the output of the video detector and the input 
to the grid circuit of the video amplifier. Here appears the 
entire composite television signal with picture variations, 
positive, at the top and with sync pulses, negative, at the 
bottom. Two vertical blanking intervals are plainly visible 
between the fields. During each blanking interval there ap-
pear in oider, from left to right, the equalizing pulses which 
follow one field, then the vertical sync pulses at the bottom-
most points along the trace, and finally the remaining equal-
izing and horizontal sync pulses which precede the next field. 

•1 , 
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Fig. 139-2. 

1,01111311:01 

Fig. 139-2: Taken at the plate of the video amplifier tube. 
Here again is the complete compositive signal, but now the 
polarity has been inverted to make sync pulses positive and 
picture variations negative. This waveform is applied to the 
cathode of the picture tube, which is the point of signal input 
to the picture tube of this particular receiver. 



Fig. 1394. 

Fig. 139-3: Taken at the grid of the first tube in the sync 
section, which is a sync amplifier. The signal shown here comes 
from the output of the video amplifier, and accordingly is 
of the same polarity and' has the same general characteristics 
as shown in Fig. 139-2. 

Fig. ;39-4. 

Fig. 139-4: Taken at the plate of the sync amplifier tube. 
The polarity has been inverted with respect to polarity in 
Fig. 139-3. The peak-to-peak voltage of this amplifier output 
waveform actually is about four times as great as voltage at 
the input to the tube. 

fig. 139-5. 

Fig. 139-5: Taken at the plate of the second tube in the 
sync section, which is operated as a separator. Picture varia-
tions have all but disappeared from the signal, while the 
vertical sync pulses have been retained. Polarity has not been 
inverted, because signal input is to the cathode rather than 
the grid of this separator. 



Fig. 139-6. 

Fig. 139-6: Taken at the plate of the third tube in the sync 
section, which is operated as a clipper. Polarity has been 
inverted with respect to that of Fig. 139-5. Vertical sync pulse 
voltage peaks have become very pronounced. This is the sig-
nal which goes to the integrating filter located between the 
sync clipper and the input for the vertical sweep oscillator. 

Fie. 139-7. 

Fig. 139-7: Taken at the grid of the vertical sweep oscil-
lator, which is a blocking type. Note the sudden changes of 
potential in the negative direction, downward on the trace, 
as the oscillator blocks. Then comes the quick partial recovery 
in the positive direction and the more gradual change pre-
ceding the positive peak that triggers this oscillator. 

Re. 13941. 

Fig. 139-8. Taken at the grid of the vertical sweep amplifier 
which follows the vertical oscillator. This is the sawtooth 
voltage combined with negative (downward) peaks as re-
quired for magnetic deflection. 



Fig. 139-9. 

Fig. 139-9: Taken at the plate of the vertical sweep ampli-
fier. Polarity has been inverted with respect to the previous 
trace, taken at the grid of the same tube. Peak-to-peak voltage 
here is about 18 times as great as at the grid. 

Fig. 139-10: This final trace for the vertical deflection sys-
tem is taken from the circuit which includes the secondary 
winding of the vertical output transformer and the two ver-

Fig. 139-10. 

tical deflection coils of the yoke on the picture tube. Peak-
to-peak voltage is between one-ninth and one-tenth of that 
at the plate of the vertical sweep amplifier, which connects 
to the primary of the output transformer. 

Traces which are to follow in Figs. 139-11 to 139-24 are 
taken with the internal sweep of the oscilloscope adjusted 
for 7,875 cycles per second or to the frequency which pro-
duces two horizontal line periods. 

Fig. 139-12. 

Fig. 139-12: From the plate of the video amplifier tube. 
Except for inversion of polarity this trace is similar to the 
one taken from the grid of this tube. Peak-to-peak voltage 
has been increased about nine times. 



Fig. 139-13. 

Fig. 139-13: From the grid of the sync amplifier, the first 
tube in the sync section. This signal comes from the output 
of the video amplifier, and is of the same polarity as in Fig. 
139-12. 

Fig. 139-14. 

Fig. 139-14: From the plate of the sync amplifier. Polarity 
has been inverted. Voltages for picture variations have very 
nearly disappeared, while horizontal sync pulses have become 
distinct. 

fig. 139-15. 

Fig. 139-15: From the plate of the sync separator tube. 
Only the horizontal sync pulses now remain. There has been 
no inversion of polarity, due to use of cathode input to this 
tube. 



Fig. 139-16 

Fig. 139-16: From the plate of the sync clipper tube. This 
waveform is the input to the differentiating filter located 
between the clipper and the horizontal oscillator control tube 
of the horizontal afc system. 

Fig. 139-17. 

Fig. 139-17: From the top (ungrounded side) of the lock-
in control capacitor in the grid circuit of the control tube 
of the horizontal afc system. This voltage results from com-
bination of the output from the differentiating filter and a 
feedback voltage from the horizontal sweep output circuit, 
as required for this method of oscillator control. The wave-
form shown here is taken while a transmitted television sig-
nal is being received. The sharp or narrow positive peaks 
represent synchronizing voltages which result from horizon-
tal sync pulses in the signal. 

Fig. 139-18. 

Fig. 139-18: This is the same as the previous trace, except 
that it is taken while no transmitted signal is being received. 
Note the absence of positive synchronizing peaks at the tops 
of the sawtooth portions of the wave. 



SECTION VI 

Typical Schematic Diagrams 

The Radio and Television diagrams reproduced here are 
Photo Fact Standard Notation Schematics (*) prepared by 
the Howard W. Sams & Co. Inc. These diagrams appear 
regularly in Photo Fact Folders (t) as a part of the complete 
service data furnished by the Howard W. Sains & Co. Inc. The 
sets of Photo Fact Folders are sold by Electronics Parts Dis-
tributors in all sections of the world and the diagrams are 
reproduced in this brochure as typical of the finest type of 
data available for service purposes. 
The diagrams are arranged alphabetically by name of set; 

ADMIRAL, AIRLINE, BENDI X, etc. Diagrams on several 
dozen of the most popular TV sets in the country are included 
in this section. 

'Copyright 

1-Trade Mark 
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4. Line voltage maintained at II' volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

10% in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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I. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance ou component values makes possible • variation of 

4- 10% in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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I. DC Voltage measurements are at 20,000 ohms per volt: AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

1096 in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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1. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1.000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
S. Nominal tolerance on component values makes possible a variation of 

4- 10* in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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I. DC voltage measurements are at 20,000 ohms per roll, AC voltages 
measured at 1000 ohms per volt. 

2- Socket connectioas are shown as bottom views. 
3- Meiteured value, are from socket ins to common negative. 
4-Llm voltage maintained at 117 volts for voltage readings. 

5-Nominal tolerance on component values makes possible a variation of 
• 15.6 In voltage and resistance readings. 

th notions control at maitimum, no signal applied for voltage measure-
ments. 
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1. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

--I- 10% in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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1. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1.000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

10% in voltage and resistance readings. 
6. 'Volume control at maximum, no signal applied for voltage measure-

ments. 
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I. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

-4- 10% in voltage and IVIIKSISCC readings. 
6. Volume control at maximum no signal applied for voltage measure-

ments. 
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1. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from pocket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

4- 10% in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage meamite-

Meng. 
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I. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative, 

4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

--, 10% in voltage and resistance readings. 
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FOREWORD 

THE successful Radio-TV Serviceman is the 
man who can read diagrams—the fellow 

who understands symbols, circuits and details 
of Radio and Television construction. 
A knowledge of circuit tracing and diagram 

analysis is to the serviceman what a knowledge 
of mathematics is to an accountant. This book 
contains diagrams of modern radio and televi-
sion sets. These diagrams have been supplied to 
the Educational Book Publishing Division of 
The Cone Electrical School by the leading Ra-
dio and Television manufacturers of the United 
States. They represent an effort on the part of 
the Industry to help Coyne put out a practical 
book on How to Read Diagrams. 
Reading radio and television diagrams can be 

as easy as reading a newspaper if a man has a 
clear conception of the various signs, and the 
symbols used in these diagrams. 

It is the purpose of this book to make clear and 
easy to understand these different terms and symbols 
that represent the component parts of radio sets. 
their connections and the tracing of the current thru 
these parts as well as other phases of scientific radio 
circuit tracing. 
Common terms such as circuit, current, resistance 

and difference of potential are often used when talk-
ing about radio. 

In every case as we come upon a new symbol in the 
special series of instructional diagrams we have es-
pecially selected to explain modern. diagram analysis, 
we will follow this practice: 

First, we will give the definition, then we will 
give an illustration in everyday language. We 
will compare the purpose of the radio or televi-
sion component with something you see in every-
day life. Following this practice, you will better 
understand the reason for the various parts in a 
radio set as well as the way they "dovetail" with 
all other parts. 
We will break down every part of the circuits so 

that you can follow the logical path of the current 
flowing through the radio. 
Many of the diagrams in this book have been pre-

pared by the staff of Coyne School for instructional 
purposes. These diagrams have special notes and 
analyzing instructions that make them amazingly 
easy to understand. These diagrams have been 
SHOP TESTED by actual on the job use. That 
eliminates any possibility of any technical errors. 

Regardless of whether you are a "beginner" or. 
an experienced radio man you should find the 
material in this book of extreme value to you. We 
have put a great deal of up-to-date instruction 
methods in Radio circuit and diagram reading in this 
book along with dozens of valuable commercial radio 
diagrams. 

Radio-14V diagram reading is the same as any 
other reading—the more you do of it the more 
expert you become. To succeed in Radio and 
Television you must know circuit tracing so 
give the specially prepared material in this book 
careful study—it can help you increase your 
speed and accuracy in reading diagrams. 

B. W. COOKE, President 

Educational Book Publishing Division 

Coyne Electrical and Radio School 
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SECTION I 

Schematic Diagrams and How to Read Them 

Suppose then we start with the most common ex-
pression used in radio—a radio circuit. 

By definition "a circuit is the complete or closed 
path taken by an electrical current in flowing through 
a conductor from one terminal of the source of sup-
ply to the other." 

A Circuit 
Clout 

No doubt you have often heard the expression "a 
circuit clout." This is used in baseball when a batter 
hits a home-run. It means the ball has been driven 
far enough to enable the batter to complete the "cir-
cuit" of bases. The bases form a closed loop or path 
for the batter to take, just as connecting wires form 
a closed loop or path for the current to take. 

The resistance is the substance which resists or 
opposes the flow of current through it. 

Resistance 

Current Flow 

It can be compared to a valve in a water pipe to 
limit the flow of water. 

A difference of potential or difference of pressure is 
the difference between the potentials or pressures at 
two points in a circuit. 

To better understand this let's assume that we are 
looking at a two-story building. In measurieg the 
distance between the street and the first floor we 
found it to be 10' and the measurement Co the roof 
was 30'. It would be correct to say that the distance 
between point "A" and point "B" is 10' or that point 
"B" is 10' higher than point "A". In order to make a 

10' 

o' 

D 

eito 
31,101, 

-00 
Mon 

10 ft 

10 ft 

10 ft 
- - 

measurement we must refer one point to another. It 
would not be correct to say that point "C" measures 
20' because we are not sure whether the point to be 
measured is from "B" or "A". Point "C" does meas-
use 20' if we are referring it to point "A" as the other 
point, but it is only 10' from point "B - or point "D". 
The same thing holds true in electrical circuits. 

The difference of potential is a measurement between 

a lower and a higher point in a circuit. One point is 
at a higher electrical degree than the other. The 
higher point having a deficiency of electrons while 
the lower point has an excess of electrons. It is the 
movement of these electrons that constitutes a flow 
of current in an electrical circuit. 
The difference of potential and the opposition are 

circuit properties. In fact they are the determining 
factors as far as the current is concerned. When the 
opposition in any circuit is not sufficient to limit the 
current, wires may burn or the units connected in the 
circuit may be ruined beyond repair. That is the 
reason why they put fuses in the branch circ'uits in 
homes. To protect the conducting wires from excess 
curren t. 
Diagrams are used in Radio just as blue prints are 

used in construction work. They tell a complete story 
that might otherwise require thousands of words of 
explanation. 

Tubes 

Resistances 

Battery 
Elements of a series circuit. 

Elements of a parallel circuit. 



There are several types of diagrams used, just as 
there are different types of maps available for the 
man preparing to go on a journey. He may have a 
"pictorial diagram" which is a diagram pertaining to 
or illustrated through pictures. 
They make the saine type of diagram in Radio for 
the beginner as illustrated below. 

NCO TO 
SPEAREA 

35Z5 
GT 

Such a diagram enables us to quickly determine 
the layout of all the parts. The question then arises, 
since a pictorial diagram has these advantages, why 
not use them exclusively? If we sit back for a mo-
ment and think about it, the answer would be ob-
vious. To use these diagrams we all must be skilled 
or gifted with artistic talents, it takes a great deal 
of time and effort to put down on paper any part of 
the above two diagrams for the sole purpose of ex-
plaining either of them. 

PICTORIAL DIAGRAM 

Consequently, certain signs, marks or symbols, 
easy for all of us to duplicate, have been adapted and 
made standard. They represent the component parts 
and were originated in order that we may convey or 
impart our information to others, quickly. 

In radio a schematic diagram shows the electrical 
conneçtions of a circuit by means of symbols used in 
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place.of the actual parts. Symbols to represent the 
different parts are simple signs, marks, or characters 
used as an abbreviation. .It is important to learn these 
symbols so that all the parts may be readily identified. 
Of course, it would be impossible to expect a be-

ginner to memorize all the existing symbols in a 
short time, but by constant reference to radio dia-
grams in magazines or books you will be surprised 



to note how quickly and easily you have learned to 
identify these symbols. 

Still another type of diagram is known as a "block 
diagram." 

In the above diagram only.. the states are shown 
and the roads to take to get to them. Likewise in 
radio, a block diagram merely shows the connections 
of the different stages in block-form. 

17 Antenna 

—.Converter 

Oscillator 

I. F. Amp. --1 Audio Amp.— 
Power 
Amp • 

Speaker 

The diagram above is the easiest of all to explain 
in that the function of each stage is omitted, just as 
the road, map above would be simple to direct a per-
son, interested to get at a certain point without ex-
plaining the different rivers he would have to cross 
and the cities that he would pass. etc. 
For instance, in that block diagram the electro-

magnetic waves radiated by means of a transmitting 
antenna cut the stationary conductor called the re-
ceiving antenna. These waves cause a difference of 
potential to be induced in the receiving antenna re-
ferred to as a signal. The converter siage receives the 
signal and mixes with a signal generated by the 
Oscillator. The difference of these two signals is sent 
on to the I.F. stage where it is amplified, and sent to 
the audio stage where it is changed to an audio signal 
and amplified. It is received by the power amplifier 
where it is. further amplified and moved on to the 
speaker. 
The signal strikes a diaphragm in the speaker 

causing it to vibrate, thus changing the electrical 
impulses into sound. 
We can safely say then that block diagrams are 

used to give a general idea of the operating principles 
in a condensed form. 

It would be well at this time to introduce some of 
the symbols used and show what the actual parts 

look like. 
The antenna or aerial is a conductor used to pick 

up radio signals. The outdoor antenna, usually 

Guy Wire 
Insulator Aerial Wire 

Fastening Wire 

Lead-in 

mounted on a structure or roof is a bare wire of pre-
determined length. The vertical line represents the 
lead-in wire which makes connection between the 
antenna and the receiver. This type of antenna is no 
longer used for radio reception, but the symbol in-
dicates an antenna regardless of design. 

Insulator 

Loop 

Antenna 

Ground 

The loop antenna or aerial consists of com-
plete turns of wire spaced on a rectangular frame 
of wood or attached to a cardboard. It is built 
into a receiver cabinet. 

The ground connection is an earth connection. It 
may be a water pipe, a radiator or any pipe driven 
into the earth to insure good contact with the. moist 
earth. It also indicates a connection to the chassis of 
the receiver. 

This symbol is often used to simplify diagrams by 
eliminating unnecessary lines. The symbol shows the 
common connections in the circuit. 

There are various types of capacitors used. 
A capacitor consists of two conductors sepa-

rated from each other by an insulator called a 
dielectric, such as air, oil, paper, glass, ceramic 

_L + 
Trimmer 

and Fodder 
Capacitor 



capable of storing electrical energy. They block the 
flow of direct current' while allowing alternating and 
pulsating currents to pass. 

Variable capacitors are used in Radio fre-
quency and oscillator circuits. Their capacity 
may be conveniently varied. They are usually 
found in the form of a movable and fixed set of 
plates. The movable plates are called the rotor 
and the fixed plates called the stator. Air is used 
as a dielectric. Their main purpose is to adjust 
the circuits to resonance. 
Padder and trimmer capacitors sometimes are 

mounted on the variable and can be adjusted with 
a screwdriver. They permit accurate alignment 
of the radio frequency and oscillator circuits. 

Fixed Condenser -Electrolytic 
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Fixed Condenser 
(micA OR PAPER) 

Electrolytic capacitors are a special type of 
fixed capacitors used in direct current circuits 
only. The polarity of these capacitors is clearly 
marked and must be observed. 
These capacitors are usually found in the 

power supply circuit. Mica and paper capacitors 
are other types found in radio. The mica will be 
found in the radio frequency circuit, while the 
paper capacitor will be found almost anywhere 
from the low radio frequency circuits to the 
audio stage. 

FIXED RESISTOR 

RHEOSTAT 

POTENTIOMETER (VOLTAGE DIVIDER) 

Resistors, rheostats and potentiometers are (le-
signed to oppose .the flow of current whether it be 
direct or alternating currents. 

A resistor whose value remains constant is called 
a fixed resistor. On the other hand if the value can 
be changed during operation it is known as a variable 
resistor. 

Rheostats and- potentiometers are variable re-

sistors. The rheostat can be identified by its two ter-
minals. The potentiometers have three terminals. 
There is another important property in radio cir-

cuits called inductance. It is a measure of the ability 
of a ,conductor to produce a magnetic field. 

121)2 

Inductance may be introduced in a circuit in the 
form of coils and transformers. 
This property of inductance is present in a .circuit 

only when the current changes. That is, when it is of 
alternating nature. As the current changes from zero 
to maximum the magnetic field also changes and in 
so doing cuts the conductor and induces in it a coun-
ter voltage which tends to oppose the change in cur-
rent. You will find some type of inductance in all 
stages of a radio circuit. 

AUDIO FREQUENCY 
CHOKE 

AUDIO 
TRANSFORMER 

A wide variety of tubes are used in radio today. 
The ones most frequently encountered are the diode, 
the triode, the tetrocle and the pentode. 
Sometimes when space is limited in a radio, tubes 

are used that have the elements of two tubes com-
bined in one envelope. Examples of these are the duo-
diode, the twin-triode, the duplex-di9de pentode, etc. 

PICTURE TUBE 

The schematic symbol of a tube is usually shown 
by the base of the socket of the tube. The tube has a 
marker or key that fits into a similar marker in the 
socket. The reason for this being a precaution against 
burning the elements in the tube. In this manner the 
tube must be inserted always in the same way. The 
marker or key as it is sometimes called is clearly 
shown at the bottom of the circle representing the 
tube socket. Terminals of the elements within the 



tube are indicated and numbered. The numbers being 
in a counter clockwise direction with number one 
located to the left of the key. 

1. SOLDER 

2. CAP INSULATOR 

5. ROLLED LOCK 

4. CAP SUPPORT 

b. GRID LEAD sHIELD 

6. CONTROL GRID 

7. SCREEN 

8. SUPPRk.ssOR 

B. imeernctic SPACER 

10. PLATE 

U. Notarr SUPPORT 

12. SUPPORT COLLAR 

15. GETTER TAB 

14.GLASS BEAD SEAL 

16. FERRIC() EYELET 

16. LEAD WIRE 

17. CRISPER LOCI 

18. ALIGNING KEE 

19. PINCHED SEAL 

20. ALIGNING PLUS 

21. GRID CAP 

22. GRID LEAD WIRE 

25. GLASS BEAD SEAL 

24. FERRIC° HELM 

25. BRAZED RILL 

26. Steel Shell 

27. CATHODE 

28. HELICAL BEATER 

29. CATHODE COATING 

50. PLATE INS. SUPPORT 

51. PLATE LEAD COONECTIOW 

52. INSULATING SPACER 

55. SPACER SRI= 

54. SNELL TO HEADER 
SEAL WILD 

55. HEADER 

58. SHELL CONNECTION 

57. OCTAL BASE 

56. BASE PIN 

59. SOLDER 

40. EXHAUST TUBE 

Cross-section of a typical RCA Metal Tube. 

This diagram illustrates in detail the construction of a modern radio tube. All 
elements are clearly indicated. The complexity of the modern tube ie here readily 
apparent. A good basic understanding of tube design and function is essential 

to good radio building. 

Now that we have been intróduced to tlie actual 
parts and the symbols that represent those parts let 
us look at the schematic below and see just how many 
symbols we can identify. 

Of course a good idea would be to make a note of 
the symbols you did not recognize and refer to them 
until you are sure you will not have that difficulty 
again. 
Our next step would be to know the different cir-

cuits in the radio so that we can trace the current 
through these circuits. 

Let's start with the filament circuit in our sche-
matic which is located in the lower left hand corner 
of our diagram. Incidentally those filaments are:lo-
cated within the tubes, but to make the diagram 
clearer by eliminating a lot -of lines the filamPnt cir-
cuit is usually shown in some corner of the diagram. 
The first symbol we see is that of a male plug that 

fits into any wall receptacle. Then there are two lines 
that make connection to the plug. Starting along the 
bottom line we come to the switch. Its purpose is to 
turn the radio on or off. Above the switch is the sym-
bol for a fuse. 

S PST SW 
ow vOLuNE 
CONTROL 

ac -Dc 

W. 47 
PILOT LAMP 

6- ev o 'sa 

It protects the parts in the radio in case of a short 
circuit. 

- 455 WC 



Then we see a capacitor. 

S P S T. SW 
ON vOLumt 
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1u5 V 

ec-oc 
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FUSE 
.05 mr 

o  

We can tell it is connected across the line be-
cause of the heavy clots. When one line crosses 
another and no connection is intended then there 
is no heavy dot. Moving along the bottom line 
again we come to the second clot. Let's move up 
now and to the left to the first filament which is 
the 12 S Q 7. Suppose we look at the 12 S Q 7 
tube and see if we can locate the terminals that 
connect this filament. 

From the symbol we see that the external termi-
nals are number seven and number eight. As we go 
on tracing the circuit, we pass the filaments of the 
12 SA 7, the 12 S K 7 the 50.1,6 and the 35Z5 tubes 

through the fuse and back to the plug. That com-
pletes the filament circuit. 

It does seem strange to have wires inserted within 
the tubes and tied together to form a closed loop for 
no apparent reason. Any substance whether it be in 
a solid, liquid, or gaseous state offers resistance to 
the floyk, of current. Then why do we need a filament 
circuit in a radio? This same circuit is often referred 
to as the.heater circuit and its function is to heat the 
cathode. The cathode plays an important part—it 
supplies the electrons necessary to operate the tube. 
It consists of a thin metal sleeve coated with electron-
emitting material. The filament, or heater, is placed 
within the sleeve, and is insulated from it. In opera-
tion, the filament heats both the cathode sleeve and 
the coating- to the electron-emitting temperature. 

Referring to our diagram again you will notice that 
the filament is the only element within the tube that 
has two external terminals. All the rest have only 
one terminal to make connection with. We pointed 
out earlier in Qur explanation that in order to have 
a flow of current we needed a closed loop. Then some-
thing must take place within the tubes to complete 
the remaining circuits. The simple schematic dia-

gram below shows a plate, a filament and a cathode. 
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The plate is at a higher potential than the cathode. 
When the filament heats the cathode to the emitting 
temperature, the electrons move at a high velocity 
thru the vacuum of the tube to the plate. To illustrate 



The control grid has the most effective control 
over the flow of electrons thru the tube. It is like the 
traffic cop on the corner. He blows his whistle and 
puts up his hand to stop the traffic. Then he signals 
the traffic to move on again. In the same way the 
control grid signals the traffic of electrons to move. 
Sometimes more electrons move to the plate while 
other times there are less. It all depends upon the 
potential of the grid. Because of this varying voltage, 
an A. C. component is impressed on the D. C. poten-
tial of the plate. This changès the D. C. voltage to a 
pulsating D. C. The primary of a transformer is 
usually connected to the plate of the R.F. stage. Since 
the current in the plate circuit is varying it induces 
a voltage into the secondary of the transformer and 
that voltage is applied to the grid of the next tube. 

Now that we have this information let's trace the 
signal from the antenna to the speaker. 
The electro-magnetic waves thru the air strike the 

antenna and induce a voltage in it. This voltage is 
applied to the control grid of the first tube. Being of 
alternating nature it controls the flow of electrons 
thru the tube. At the same time the oscillator gener-
ates a voltage and is also applied to the same tube. 
The difference of these two voltages causes the 
change in current in the plate circuit. This change in 
current induces a voltage in the secondary of the 
transformer which is applied to the grid eef the I.F. 
tube. As the signal is applied from stage to stage, it 
is amplified many times over. When it reaches the 
next stage the I.F. signal is changed to an audio note. 
It is then applied to the grid of the output tube. From 
there, the electrical impulses vibrate the diaphragm 
of the speaker. In doing so, these impulses are 
changed to sound, and we hear our radio programs. 
The diagram we have taken you through step by 

step is similar to any other radio diagram you may 
ever be called upon to analyze. 

In some sets you will find additional circuits for 
automatic push button tuning or combination 
phonograph and radio. These things are merely ad-
ditions to a basic radio circuit arrangement such as 
we have jiist explained. You can trace out the cir-
cuits for these additional features in a set the same 
way you have checked the preceding diagrams. 
The balance of this book is composed of data 

and diagrams. The data section includes specially 
prepared material to explain many important 
phases of servicing. You will find explanations of 
such things as Impedance, Inductance, React-
ance, Frequency Modulation, Resonance and 
dozens of other important subjects. 

Several pages of the book are devoted to ex-
plaining how to read and use nomograms. 
The second portion of the book contains dia-

grams of Radio, Television sets and Public Ad-
dress equipment. We have had the cooperation 
of the Industry in compiling this valuable collec-
tion of modern diagrams and in addition to 
giving you practical material for on the job serv-
icing these diagrams also provide material you 
need to learn diagram tracing. With the instruc-
tions you have had you should not have any 
difficulty analyzing these diagrams. 



SECTION II 

Component Identification, Ch arts, Nomographs, Audio Data 

RESISTOR COLOR CODE 

Preferred Vahms of Resistance 

,±10% 
D weaver 

±5% 
D .. gold 

Old 
Standard 
Resistance 
Values 

Color Coding Preferred Values of Resistance 
Old 

Standard 
Resistance 
Value* 

Color Coding 

±20% 
D =no col. A 14 C 

±20% 
D = no col. 

±10% 
D...silver 

±5% 
D .. gold A B C 

SO Green Black Black 25,000 Red Green Orange 
51 Gaon Brown Black 27.000 27,000 Bed et Orange 

56 56 Green Blue Black 30.000 30,000 Orange Black Orange 
62 Blue Red Black 33,000 33,000 33.000 Orange Orange Orange 

68 68 68 Blue Gray Black 36,000 Orange Blue Orange 
75 75 Violet Green Black 39,000 39,000 Orange White (hang° 

82 82 Gray Red Black 40,000 Yellow Black Orange 
91 Whits Brown Black 43,000 Yellow Orange Orange 

100 100 100 160 Brown Black Brown 47,000 47,000 47,000 Yellow Violet Orange 
110 Brown Brown Brown $0,000 Green Black Orange 

120 120 Brown Red Brown 51,000 Green Brown Orange 
130 Brown Orange Brown 56,000 56.000 Greet Blue Orange 

150 150 150 150 Brown Green Brown 60,000 Blue Black Orange 
160 Brown Blue Brown 62,000 Blue Red Orange 

180 180 Brown (.ray Brown 68,000 68,000 68,000 Blue Gray Orange 
200 200 Bed Black Brown 75,000 75,000 Violet Creel, Orange 

220 220 220 Bed Rod Brown 82,000 82,000 Gray Bed Orange 
210 Red Yellow Brown 91.000 White Brown Orange 

250 Red Green Brown 100,000 100,000 100,000 100,000 Brown Black Yellow 
270 270 Red Violet Brown 110,000 Brown Brown Yellow 

300 300 Orange Black Brown 120,000 120,000 120,000 Brown Red Yellow 
330 330 330 Orange Orange Brown 130,000 Brown Orange Yellow 

350 Orange Green Brown 150,000 150.000 150,000 1.50,000 Brown Green Yellow 
360 Orange Blue Brown 160,000 Brown Blue Yellow 

390 390 Orange White Brown 180.000 180,000 Brown Gray Yellow 
400 Yellow Black Brown 200,000 zoo,ces Red Black Yellow 

430 Yellow Orange Brown 220,000 220,000 220,000 Red Red Yellow 
450 Yellow Crean Brown 240,000 Red Yellow Yellow 

470 470 470 Yellow Violet Brown 250,000 Red Green Yellow 
soo Green Black Brown 270,000 270,000 Red Violet Yellow 

510 Green Brown Brown 300,000 300,000 Orange Black Yellow 
560 560 Green Blue Brown 330,0U 330,000 330,000 Orange Orange Yellow 

600 Blue Black Brown 360,000 Orange lilac Yellow 
620 Blue Red Brown 390,004.1 390,000 Orange White Yellow 

680 680 680 Blue Gray Brown 400,000 Yellow Black Yellow 
750 750 Violet Green Brown 430,000 Yellow Orange Ye/low 

820 820 Gray Red Brown 470,000 470,000 470,000 Yellow Violet Yellow 
910 White Brown Brown 500,000 Green Black Yellow 

1000 1000 1000 1000 Brown Black Red 510,000 Green Brown Yellow 
1100 Brown Brown Red 560,000 se,000 Green Blue Yellow 

1200 1200 3200 Brown Red Red 600,000 Blue Black Yellow 
1300 Brown Orange Bed 620.000 Blue Red Yellow 

1500 1500 1500 1500 Brown Green Red 680.000 680,000 680,000 Blue Gray Yellow 
1600 Brown Blue Red 750,000 750,000 Violet Green Yellow 

1800 1800 Brow ,, Cray Red 820.000 820,000 Gray Red Yellow 
2000 2000 Bed Black Fled 910.000 White Brown Yellow 

2200 2200 2200 Red Red Red 1.0 Meg. 1.0 Meg. 1.0 Meg. 1.0 Meg. Brown Black Green 
2400 Red Yellow Red 1.1 Meg. Brown Brown Green 

2500 Red Green Red 1.2 Meg. 1.2 Meg. Brown Red Green 
2700 2700 Fled Violet Red 1.3 Meg. Brown Orange Green 

3000 3000 Orange Black Red 1.5 Meg 1.5 Meg. 1.5 Meg. 1.5 Meg. Brown Green Green 
3300 3300 3300 Orange Orange Red 1.6 Meg. Brown Blue Green 

3500 Orange Creel, Red 1.8 Meg. 1.8 Meg. Brown Gray Green 
3600 Orange Blue Red 2.0 Meg. 2.0 Meg. Red Black Green 

3900 3900 Orange White Red 2.2 Meg. 2.2 Meg. 2.2 Meg. Red Red Green 
4000 Yellow Black Red 2.4 Meg. Red Yellow Green 

4300 Yellow Orange Red 2.7 Meg. 2.7 Meg. Bed Violet Green 
4700 4700 4700 Yellow ‘iolet Red 3.0 Meg. 3.11 Meg. Orange Black Green 

5000 Green Black Red 3.3 Meg. 3.3 Meg. 3.3 Meg. Orange Orange Green 
5100 Green Brown Red 3.6 Meg. Orange Blue Green 

5600 5600 Green Blue Red 3.9 Meg. 3.9 Meg. Orange White Green 
6200 Blue Red Red 4.0 Meg. Yellow Black Green 

6800 6800 6800 Blue Gray Red 4.3 Meg. Yellow Orange Green 
7500 7500 Violet Green Red 4.7 Meg. 4.7 Meg. 4.7 Meg. Yellow Violet Green 

8200 8200 Cray Red Red 5.0 Meg. Green Black Green 
9100 White Brown Red 5.1 Meg. Green Brown Green 

10,000 10,000 10.000 10,000 Brown Black Orange 5.6 Meg. 5.6 Meg. Green Blue Green 
11,000 Brown Brown Orange 6.0 Meg. Blue Black Green 

12,000 12,000 12,000 Brown Red Orange 6.2 Meg. Blue Red Green 
13.000 Brown Orange Orange 6.8 Meg. 6.8 Meg. 6.8 Meg. Blue Gray Green 

15,000 15.000 15.000 15,000 Brown Green Orange 7.0 Meg. Violet Black Green 
16.000 Brown Blue Orange 7.5 Meg. Violet Green Green 

18,000 18.000 Brown Gray Orange 8.0 Meg. Gray Black Green 
20.000 20,000 Red Illeck Orange 8.2 Meg. 8.2 Meg. Cray Bed Green 

22.000 22,000 22.000 Red Red Orange 9.0 Meg. White Black Green 
24,000 Red Yellow Orange 9.1 Meg. White Brown Green 

10 Meg. 10 Meg. 10 Meg. 10 Meg. Brown Black Blue 

Standardized coding for resistance value 
identification is confined to ten colors 
and figures as shown: 

Figure Color 

o 
2 
3 
4 
5 
6 
7 
8 
9 

Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 

The body (A) of the resistor is colored to represent the finit 
figure of the resistance value. One end (B) of the resistor is 
colored to represent the second figure. A band, or dot (C) of 
color, representing the number of ciphers following the first 
two figures, is located within the body color. The two dia-
grams illustrate two interpretations of this standard method 
of coding resistance value. 

The color "D" appearing on the body of the axial cad 
resistor and on the end of the radial lead type, is used to indi-
cate tolerance value. 

If no color appear' in the peeition shown on the resistors. 
the tolerance is ± 20%. If the resistor has a silver dot or band. 
the tolerance is ± 10%. while Ifa gold color is employed, the 
resistor is within ¡5% of the specified value. 
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A DECIBEL NOMOGRAM 
Most useful of graphic charts, the nomo-

gram is "equivalent to an infinite number 

of graphs." This one can be used to find 

a number of solutions to decibel problems 

ANY problems may be solved by 
graphical means. An advantage 
of such representations is the 

bird's-eye view which results. To con-
nect two variables it is common to plot 
a chart which is a line or curve, every 
point of which indicates one variable 
in terms of the other. Charts may be 
designed to correlate frequency vs. dial 
setting, antenna length vs. reactance, 
plate voltage vs. plate current, etc. 
Another type of graph is the nomo-

graph, which is useful in certain ty pes 
of problems. This is usually designed 
to contain three lines or curves, each 
calibrated in terms of a variable. The 
nomograph differs from the ordinary 
chart in that the reader supplies his 
own indication by the use of a straight-
edge, preferably a celluloid or other 
transparent ruler. 

Suppose we wish to show the varia-
tion of three quantities: Two may be 
shown on a chart, but there is no way 
of showing the third, which will have 
to be assumed constant. We would 
need an infinite number of curves on 
our chart, each corresponding to some 
value of the third variable. A nomo-
graph is therefore equal to an infinite 111011 -

ber of graphs. This is the key to its 
usefulness. 

A useful nomograph is that relating 
db gain or loss to voltage or power 
ratio. The three variables are input, 
output and decibels. In the figure, the 
left-hand scale is calibrated .in values 
from 1 microvolt to 100 volts in two 
sections, A and B. The right-hand scale 
indicates from one-half volt to 500 
volts. The center scale shows decibels 
in two sections, C corresponding to A 
and D corresponding to B. 
As the nomograph stands it indicates 

voltage gain or loss, but since current 
varies directly with voltage in any con-
stant impedance circuit, amperes may 
be substituted for volts and micro-
amperes for microvolts. To extend to 
power values the center scale must be 
divided by two for all readings. 
To work out a problem, connect the 

larger of the two voltages, currents or 
powers at scale E with the smaller at 
either A or B by means of the ruler. 
If the output is larger there is a gain, 
otherwise a loss. The answer is read off 
at C or D. 
Four lines are shown on the figure as 

examples. 
1—We wish to find the voltage gain 

of an audio amplifier. Making measure-
ments with a v.t.v.m. we find the output 
is 55 volts when the input is .15 volt. 
There is a GAIN of 51.3 db (Line A). 
2—We have an r.f. tuner • and after 

repairing and aligning we wish to fino 
its amplification. Applying a signal 
generator to an artificial antenna we 
find an output of 3 volts when 1600 

microvolts is measured at the input. 
The GAIN is 65 db (Line B). 
3—How much attenuation must we 

use to obtain an output of .51 volt 
when 20 volts is applied to the atten-
uator? All impedances are assumed 
matched. We must design an attenua2 
tor to have a 31.9 db loss (Line C). 
The same line may he used to show the 
output when the input and the attenua-
tion are known. 
4—As mentioned before, power cal-

culations are the same except that the 
db scale is read off as one-half its 
value. The catalog lists a particular 
amplifier as having 10 watts output. 
What is its power gain (above 6 milli-
watts) ? Connect 10 at E with 6000 at 
A. The gain is 64.2 divided by 2, equals 
32.1 db (Line D). 
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SECTION III 

Special Purpose Units, Alignment Methods, 

Ratio Detector Analysis 
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Applications for Phototubes 

Burglar Alarm . 
The phototube can be used to operate an alarm system when its light 

beam is cut off by an undesired entry of someone. It can be a fairly 
simple arrangement, as shown in the diagram, or quite complicated, 
depending on the installation. External alarms require fairly rugged 
weather-proof equipment and consideration must be given to operation 
under various weather conditions. All of the visible light from the 
light source can be eliminated by the use of an infra-red filter. 

MIRROR WINDOW 

wm00,1 

PHOTOTU BE 

DESK 

DESK 

C:7 
J.! 

tIGHT SOURCE 

BURGLAR ALARM 

MIRROR 

DOOR 

MIRROR 

Opening and Closing Doors . . 
Mechanical door openers employing the action of opening and closing 

doors can be made completely automatic by the use of phototube control. 
This automatic device is especially suitable for garage door, restaurant 
kitchen door, and similar places, for the sake of convenience and time-

saving. 
Mechanically operated garage doors are equipped with one push button 

for opening and another for closing. A phototube in a light-on energized 
circuit with its relay connected across the terminals of the opening push 
button may be used as a controlling device. The car driver simply 
shines the headlights on the phototube which energizes the circuit, operates 
the relay and opens the garage door. 

For swinging doors in restaurants or bars, a different arrangement an». 
circuit are to be used. Three phototubes in series are to be installed as 
in the diagram. Tubes 1 and 2 are operated from either approach, and 
tube 3 is used to hold door open when someone remains in the doorway. 
When the door closes, tube 3 is short-circuited by switch 4. Since the 
dark resistance of a tube is several times greater than that of a tube when 
illuminated, blocking the light beam of either tube 1 or 2 which are 
connected in series will greatly reduce the current output and thus operate 

the relay. 

Water Level Gauge . . 
By means of a column of phototubes, a simple and reliable gauge to 

indicate the level of water or other liquid can be constructie as shown 
in the diagram. When a beam of light shines through a column of 
liquid, it is refracted. By virtue of this fact, the beams of the light source 
of this water level gauge are adjusted so that they do not strike the 
phototubes unless there is liquid to refract them. Any desired number of 
tubes may he used. A meter connected to the output will read in direct 
proportion with the number ot tubes illuminated. 
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PHOTOTUBE 

PEE RACTEd TO 
$721rE CELL 

  -----

PASSES PHOTOTUBE 

Relay Circuit Energized 
by Increase in Light 

In using this circuit, adjust R3 so that the bias voltage 

is just negative enough to prevent the thyratron, 2051, 

from conducting, at a predetermined light level. When 

there is an increase in light, the increase of current in 

the phototube, in turn, reduces the negative grid voltage 

through the voltage drop across R. The 2051 conducts 

and closes the relay. RI is to be selected according to the 

desired sensitivity of the circuit. The function of R7, 

is to keep the current within the current rating of the 

relay and the 2051. It is not needed, if the relay has a 

sufficiently high resistance. The condenser is to prevent 

the relay from chattering. 
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Counting . . . 
The simplest use of phototubes is that of counting, with the aid of relay 

and counter. A beam of light shines across a conveyor belt into a photo-
tube which is used in a light-off energized circuit. When the light beans 
is intercepted by the object on the conveyor belt, the change in current 
actuates the relay which, in turn, operates the counter. If two objects of 
different sizes are to be counted, two phototubes may be arranged at dif-
ferent heights. The top beam is high enough so the large object will 
intercept it. When the large object cuts the top beam and the bottom 
beam, the phototube operates one counter. In doing so, it opens the re-
lay of the second counter. Only when the bottom beam is cut by the 
small object, the second counter registers. With the same principle, 
three or more objects of different sizes on the same conveyor belt can be 
counted. 

If a mechanism operated by the same relays is mounted to separate the 
two objects, the counting system may serve, at the same time, as a sorting 
system. 

Turbidity Control... 
In the process of manufacture or purification of liquids, an 

automatic system can be set up to inspect the clarity or turbidi• 
ty of liquid. Foreign matters picked up by rapidly moving 

liquid may cause contamination if they are not detected and 
eliminated immediately. The arrangement of this automatic 
system is very similar to that of smoke control. 

The diameter of the pipe where the phototube is to be in-
stalled should preferably be fairly large. Arrangement as in 
sketch is recommended if the pipe is rather small. 
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Smoke Control • • • 

By virtue of the fact that the current of phototubea varies in proportion 
with intensity of light beam, many phototube control units have been 
designed to control, indicate, or adjust smoke density of industrial stacks. 
Aside from the fact that operating companies are required to comply with 
the smoke ordinances, improper combustion results in a waste of fuel. 
The photorube control may be used to indicate smoke density or to 
register a continuous or permanent record or to operate a mechanism 
that controls fuel feeding. Generally, when smoke density exceeds a 
predetermined density, an alzrm is set off by the change of current in 
photoru be. 
To install a smoke indicator, two openings are cur in opposite sides of 

the stack. In one opening a phototu.be is installed and in the other a 
light source which directs a beam against the tube. The intensity of the 
beam of light transversing the stack is determined by the density of smoke, 
and the corresponding current in the phototube with the aid of an ampli-
fier can be used to operate an alarm system or adjust directly the fueling 
mechanism. The indicating or recording instrument is usually calibrated 
into Rengelmann smoke units. 
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Traffic Control 
By means of photorube-controlled traffic lights, 20% of car-seconds 

were saved. When riding on a major highway, it is annoying as well as 
wasteful of time to stop at a red traffic light when there is no car travelling 
on the minor highway. The phototube control makes it possible to give 
the major highway green light all the- time except when there is a car 
approaching the traffic light on the minor highway. 

The arrangement of light sources and phototube units is shown in the 
diagram. The light source, quite similar to automobile spotlight, sends 
a beam of light across the street to the phototube unit which was equipped 
with a lens to permit only the beam from light source to shine on the 
phototube surface. 
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Boat Radios 
You cannot simply resign yourself to 
getting your feet wet, and then get 
out to push the boat. And you just 
don't handcrank a large marine en-
gine. 

Before selling and installing that 

radio, check the boat's storage bat-
tery capacity against its lights and 

contemplated radio drain. Additional 
storage batteries, in some cases, may 
not be the best solution. 
Weight is important aboard ship. 

The deeper in the water the boat 

sits, the harder it's going to be to 
move her. If this factor is not too 
important, however, an additional 
battery may be installed, and the 
generator's rate of charge stepped up 

correspondingly. Otherwise, a dry-
battery portable receiver may be 
needed. 

Connecting the radio to the boat's 
power supply will introduce ignition 
noise, and probably auxiliary motor 
noise. This interference may be 
treated in the same fashion it would 

be treated ashore with one basic 
difference . . . don't use spark plug 
tuppressors I 

Why Suppressors Are Out 

Suppressors should never be in-
stalled in a marine engine. In most 
cases, the inclusion of a resistance 

in the spark circuit will ruin the 
engine. The number of times sup-
pressors may be used with impunity 

are so few that suppressors may be 
considered non-existent aboard ship. 
The reason is this: suppressors 

will not interfere with the starting 
and running of an engine. However, 
at full load, or close to full load, the 
resistors will cut down the amount 
of spark and prevent complete com-
bustion. 

The unburnt gasoline will foul the 
combustion chamber and eventually 
dilute the crankcase oil to the point 
where the bearings and associated 
parts wiil burn up. The gasoline is 

not readily detected on the oil gauge 
stick or pressure gauge. However, 
the tachometer will show low RPM. 
Suppressors can be used without 

ill effect on most cars, since they are 
very seldom, and then for a short 

period only, operated at full power. 
The modern car engine is "revved 
up" to full power only when the car 
pushes ninety, or when it is racPd 

up a steep hill in second gear. These 
periods are too short to permit the 
gasoline to accumulate dangerously 
in the crankcase. 
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However, when a boat owner in-
stalls a hundred horse motor in his 
boat he uses that full hundred a great 
deal of the time he is under way. To 
double the speed of a boat you have 
to square the power. From this, 
derives the natural tendency to open 
the throttle and let it run. 

Ignition interference, a major prob-
lem only in 2-way radiotelephone 
jobs, may safely be suppressed by 
means of complete metal shielding. 
A wall of metal as heavy and of as 

low electrical resistance as is prac-
tical is thrown around the entire 

ignition system, and is grounded to 
the engine at one, or as close to one 
point as possible. The high tension 

primary is filtered. The plugs, dis-
tributor, ignition coil are all inside 
the shield. 

Commercial suppressor "packages," 
designed to be easily installed on a 

variety of standard marine engines, 
are available. They run about $150. 
installed. Care must be excrcised in 
the design to include plenty of insu-
lation and ventilation. The instan-

taneous voltages run upwards of fif-
teen thousand volts, and the ozone 
generated by the electric arcing 
across the points induces corrosion 
and needs to be let out. 

Copper screening tacked to the in-
side of the engine box and bonded 
to form one continuous wall will 
sometimes help enormously. A 

ground plate has been found to be 
very ineffective so far as reception 
and noise suppression is concerned. 
It should not be resorted to except 

or when needed 
transmitting an-

as a final measure 
to counterpoise a 
tenna. 
The generator may be filtered by 

means of a bypass capacitor and 
filter choke. The same holds true 
for the water closet bowl, sump 
pump, ventilating and other auxiliary 
motors aboard the ship. It is almost 
all cut and try work. No two ships, 
even sister ships, built by the same 

company on the same day have been 
found to respond exactly alike. 

:EFFERSON-TRAVIS MR-3 
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Jefferson-Travis model MR-3 is on example of on oc -dc-battery portable designed for shipboard installation. 
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TV Service Hints 
Coupling Sweep and 
Marker Generators 
to Receiver 

When using a sweep generator, 
marker generator and oscilloscope to 
check the I-F response curves of a tele-
vision receiver, it is sometimes difficult 
to obtain the correct balance between 
sweep output and marker output. This 
is particularly true when the ranges of 
the individual attenuators are limited. 
For best results, the amplitude of the 

applied sweep voltage as well as that 
of the marker voltage must be adjusted 
to a fairly critical level. 
The coupling method shown above 

provides additional control of the 
sweep and marker voltages. By sliding 
the tube shield up or down on the tube, 
the capacitance between the shield and 
the tube elements is varied, and the 
coupling can be adjusted as desired. 
Another advantage of this method is 
that it is not necessary to make a di-
rect connection to the circuit under 
test; simply slide the tube shield over 
the converter tube. Any tube shield can 
be used provided that it fits the tube 
snugly and does not ground to the 
chassis. Courtesy Westinghouse. 

Antenna Stubs 

Occasionally we hear of or recom-
mend the use of a quarter-wave stub of 
transmission line for trapping out un-
wanted signals or partially attenuating 
powerful interfering nearby TV stations. 
This is satisfactory as far as the reduc-
tion or elimination of the undesired sig-
nal is concerned, but it will also cause 
a change in the R-F response curve of 
the head-end unit on channels close to 
the tuned frequency of the stub. This 
may result in a serious impairment of 
the picture detail due to smearing. 

It has been found that it is much more 
desirable to insert a small capacitor in 
series with each line of the stub at the 
point where the stub fastens to the 
head-end terminals. These capacitors 
should be 5 mrrif. for stubs in the low 
frequency TV spectrum and the FM 

band, and 2 rnmf. for stubs used in the 
high frequency band. This gives a 
series parallel tuned trap which is much 
sharper in response and will not affect 
the response curve of the head-end unit 
unless the stub is tuned directly in the 
channel. 
The capacitors in the tuning stubs re-

sult in a longer piece of line being used 
for a particular frequency. The best 
method of determining the proper length 
of line is to clip off small portions until 
maximum attenuation is obtained. 

—Courtesy General Electric Co. 

Matching 72 Ohm 
Coax Cable to 300 
Ohm Balanced Input 

In some areas it may be desirable to 
use 72 ohm coaxial cable as a trans-
mission line between the antenna and 
the receiver in order to reduce noise 
pickup. The problem of matching the 
coaxial cable to the receiver input in 
such installations can be solved as 
shown.' 

The matching section should be one 
half wavelength long at the most criti-
cal frequency. If reception is possible on 
one channel only, cut the matching 
section to the video carrier frequency of 
that channel. If operation on more than 
one channel is possible, cut the match-
ing section to the video carrier fre-
quency of the weakest signal.—Courtesy 
Westinghouse. 

Ground Connection 
to Aquadag 

Wear or vibration may sometimes de-
velop a poor connection between the 
outside coating of the cathode ray tube 
and its grounding springs. The atten-
dant arcing at that point can result in 
tearing of the picture and insufficient 
picture width. 
To insure a permanent ground con-

tact, a piece of aluminum foil may be 
inserted between the aquadag and the 
grounding springs. This foil, one side 
of which is coated with adhesive, is 

first cut to size of 1" x 11/2 . OnE 
edge is then folded " over the ad-
hesive side of the foil. Finally, the foil 
is placed between the aquadag and the 
grounding spring in such a manner that 
adhesive holds the foil to the aquadag, 
the spring bears against the uncoated 
side of the foil, and the uncoated side 
of the /r 4" fold bears tightly against the 
aquadag.—Courtesy Westinghouse. 

Shielded 300-Ohm Line 

STEP 

Remove a 3" leng.h of outer jacket 
from both ends of Federal KAI! cable. 

111111Molle 

STEP 2 

Remove o 2" length of copy. , braid. 

STEP 3 

Pull th• remaining I"of braid over 

fte• outer jacket. 

 t4-11 

STEP 4 
Soldar a 4"pigtall o' #18 

A.W.G. to braid.Strip I" of polyethylene. 

STEP 5 

Tape each end of cable with scotch in— 

sulating tope (Minnesota Mining and 

Mfg. Co.#33 or#22 Scotch Electrical 

Tape or equivalent ) to prevent water 

or moisture from entering or condensing 

under jacket. An alternative method 

would be to apply o [octal eater-proof 

plastic seal over exposed ends. Crimp 

lugs over tubing and solder leads to 

lugs (use minimum amount of heat ) 

Pigtail from braid should be con-

nected to mast at upper end and to 

chassis through a .05 mfd. condenser 

at the lower end. 

—Courtesy Federal Telephone & Radio Co. 
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Figure 9-3. A transistorized hearing aid circuit. Parts values are as follows: 

TRI, TR2 - RAYTHEON type CK718 PNP junction transistors. 
TR3 - RAYTHEON type CK718 or CK721 PNP junction transistors. 
Ti - STANCOR type UMII2 t •an..istor transformer. 
T2, T3 - STANCOR type UM11( transistor transformer. 
T4, - STANCOR type UMW transistor transformer. 
RI, R2 - 10K-15K resistors*. 
R3 - 50K-100K resistor*. 
R4 - VOLUME control - 4K-8K. 
Ci,C2,C3 - Large interstage coupling capacitors - 2-5 mid. 
M - High impedance microphone (crystal or dynamic). 
B1 - Power supply battery ... 1.5 to 6.3 volts. 
Swi - SPST "Off -On" switch. 
PHONE - Low impedance hearing aid type earphone. 

•These resistor values will vary with battery voltage and transistors used. Choose 
final values experimentally for best operation. 

CREDIT: Circuit Courtesy STANCOR. 

Figure 9-2. A transistor-operated phonograph amplifier. Parts values are as follows 

TRI - CBS-HYTRON type 2N36 PNP junction transistor. 
TR2, TR3 - CBS-HYTRON type 2N37 PNP junction transistors. 
R1 - VOLUME control, 10K. 
R2 - 100K resistor. 
123 - Output bias control, 25K. 
C1 - 1 mfd. 
Ti - Interstage Transformer; 3:2 turn ratio. 
T2 - Output transformer; 4000 ohms to speaker voice coil. 
Swi - SPST "Off-On" Switch. 
Bi - Tapped battery .. or separate batteries providing 6 and 18 volts. 
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Connect the output meter to the receiver in the 
conventional manner. Adjust the signal generator 
to the required I. F. of the receiver, connecting 
it to the input grid of the mixer tube, generally 
allowing the grid lead disconnected. Adjust the 
I. F. condensers to the maximum reading of the 
output meter. If the signal does not go thru, 
connect the signal generator to the input grid of 
the last I.F. tube, then connect the signal gen-
erator to the preceding stages. 

Transfer the signal generator connections to the antenna and ground of the receiver. 

Tune the receiver to band #1 (generally the broadcast band). If the receiver has a 
wave trap, the trimmer (g) is adjusted to minimum reading of the output meter, when 
the signal generator is tuned to the I. F. and the tuning condensers are tuned to 
the low frequency end of the broadcast band. 

Adjust the signal generator and the receiver to 1400 k.c. Adjust the high frequency 
trimmers (a) to maximum reading of the output meter. 

Adjust the signal generator and the receiver to 600 k.c. Adjust the low frequency 
trimmer (e) to maximum reading of the output meter. 

Tune the receiver to band #2 (generally the first short wave band) 

Adjust the signal generator and the receiver to the required frequency of band #2. 
Adjust the high frequency trimmers (h) to the maximum reading of the output meter. 

Adjust the signal generator and the receiver to the required low frequency and ad-
just the low frequency trimmer to the maximum reading of the output meter. 

The same procedure is followed with bands #3 and #4, the high frequency trimmers 
(c) and (d) are adjusted for maximum reading of the output meter in their respective 
bands. 

NOTE: Keep output of the signal generator low in value, allowing just enough signal 
to give a readable induction on the output meter. Above frequencies do not apply to 
all receivers, check with manufacturers aligning data. 



THE RATIO DETECTOR 
DISCRIMINATOR 

The ratio detector, appearing first in RCA f-m re-
ceivers. is a device for converting a frequency modu-
lated carrier to an audio signal, while at the saine time 
offering a high degree of attenuation to any incident 
amplitude modulation. The relative insensitivity to am-
plitude variations, which is an inherent characteristic 
of ratio detectors, enables them to be used without the 
usual preceding limiter stage, thus affording the use of 
a high gain i-f stage instead of the low-gain limiter. 

Theory of Operation 

A brief review of the theory of the discriminator detector 
will help the serviceman to understand the action of the 
ratio detector. 

Figure 1 portrays a conventional discriminator stage, and 
it can be seen that it consists essentially of two diode rectifiers 
which are differentially connected so that the d-c potentials 
across their respective load resistors are subtractive. These 
two d-c voltages (across RI and R2 in Figure 1) are propor-
tional to the a-c voltages applied to the diodes. The a-c 
voltage applied to each diode is the vector sum of El and the 
voltage across that half of LI which is connected to the diode 
plate, as shown in the diagrams of Figure 4. El has practically 
the same amplitude and phase as the voltage across the tank 
in the limiter plate circuit. The current in this same tank 
circuit induces a voltage in LI, which causes a circulating 
current to flow in the resonant circuit composed of LI and CI. 
E2 and E3 are the voltage drops which occur across each half 
of LI as a result of this circulating current. When the carrier 
frequency is equal to the frequency at which the discriminator 
transformer is tuned (Fig. 4A), the a-c voltage applied to 
diode 1 equals that applied to diode 2, therefore the rectified 
voltages are equal and since they are bucking voltages, the 
output of the discriminator is zero. 

When the carrier frequency increases during a half cycle of 
modulation, the phase relations between El, E2 and E3 change 
in accordance with Figure 4B, and it is evident that the vector 
sum of the voltages applied to diode 2 exceeds the vector sum 
of the voltages applied to diode 1, resulting in a higher rectified 
voltage across R2 than across RI. The instantaneous differ-
ence of the rectified voltages appears as a negative voltage in 
the discriminator output. Figure 4C shows the condition 
occurring when the carrier frequency swings below the resonant 
frequency of the discriminator transformer, the end result 
being a positive voltage at the output of the uiscriminator. 

The important fact in discriminator action is that the output 
voltage is proportional to the difference between Ediode 1 and 
Ediode 2. This is true because the d-c voltages appearing 
across RI and R2 vary directly with Ediode 1 and Ediode 2, 
respectively, a:kd the instantaneous output voltage is the 
difference between the rectified voltage drops. 

In considering the effect of amplitude variation on discrim-
inator output, refer again to the vector diagrams of Figure 4. 
An increase in the amplitude of the voltage applied to the 
discriminator would increase all of the vectors in the diagram 
proportionately. In other words, the effect would be as though 
the vector diagrams were enlarged photographica"y. It can 
be seen that while the phase relationships would remain the 
same, the difference between Ediode 1 and Ediode 2 would 
increase, so long as the frequency of the applied voltage differed 
even slightly from the receiver i-f. Thus components of ampli-
tude modulation would be detected and passed on to the audio 
amplifier. Ordinarily, discriminators are preceded by limiters 
which remove most of the amplitude variation from the f-m 
carrier, but the discriminator itself is not a device capable of 
rejecting amplitude modulation, except when the instanta-
neous frequency of the applied carrier is exactly equal to the 
resonant frequency of the discriminator transformer. This 
condition occurs only twice in every modulation cycle. 

Note that while an increase in the amplitudes of the vectors 
in Figure 4 results in a proportionate increase in the difference 
between Ediode 1 and Ediode 2 for off-resonant conditions, 
the ratio of Ediode 1 to Ediode 2 is a constant, as far as 
amplitude variations are concerned. Therefore, a detector 
responsive only to changes in the ratio of Ediode 1 to Ediode 2, 
and insensitive to changes in the difference between these 
voltages would be a detector capable not only of converting 
frequency variations to audio variations, but of rejecting any 
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A schematic of the fundamental ratio detector is shown in 
Figure 2. C7 and C4 have very little reactance at the inter-
mediate frequency, so it is evident that the parallel resonant 
circuit L2 C2 is the true load for the driver stage, this stage 
being shunt fed. A driver stage, in this case, is nothing more 
than a conventional i-f amplifier preceding the ratio detector. 
L2 is inductively coupled to LI, therefore a comparison of 
Figures 1 and 2 will show that as far as the a-c voltages applied 
to the diodes are concerned, these circuits are almost exactly 
similar, indeed, the same vector diagrams used in the analysis 
of Figure 1 can be used to portray the a-c voltages across the 
diodes in Figure 2. Here the similarity ends, because the ratio 
detector method of extracting intelligence from the f-m carrier 
differs greatly from previously used methods. Diode 1, R3, 
and diode 2 complete a series circuit fed by the a-c voltage 
across LI. Since the two diodes are in series, they will conduct 
on the same half cycle, and the rectified current through R3 
will cause a negative potential to appear at the plate of diode 
1. The time constant of R3 C6 is usually about 0.2 second, so 
that the negative potential at the plate of diode 1 will remain 
nnona•n alvernn n e le•teedace ten lkaa remuneWitlenarl 



Fig. 2—A Sylvania R-4330 has the 

spiral glass discharge tube com-
pletely enclosed (left) and gas 

pressure may be higher than in the 

enclosing envelope. The Amglo 

54R4X (right), however, secures 
comparable results with an open-

end tube and the outer glass en-
velope filled with gas. as well as 

the tube. 
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Fig. 4—Arrangement for charging capacitors in parallel but discharging them 
through individual Ilashtubes by means of a transfer relay. 
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Fig. 5—The basic circuit used in G-E and Sylvania flashtubes. Gas in the tube 
is ionized by a high voltage between an external electrode and grounded terminal. 

Fig. 3—Basic circuit of the flashtube with capacitor C charged from d-c source 
and discharged through relay S into the flashtube FT. 
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Fig. 6—Ionizing voltage may come instead from the discharge of a small condenser 
charged through a potentiometer from the main d-c supply. 



SECTION IV 

TV SERVICING 
with 

PICTURE TUBE PATTERNS 

Analysis of differences between abnormal and normal test patterns 
or television pictures often enables a serviceman to determine the kinds 
of troubles which may be causing the faulty reproduction. Many of the 

picture patterns that appear on TV receivers and the relation of 
these pictures to trouble shooting are described in this book. 

On the following pages under the names ordinarily used to de-
scribe the appearance, due to faulty reproduction, are lists of troubles 

and photographs illustrating these abnormal patterns. The photo-

graphs have been provided through the courtesy of Allen B. DuMont 
Laboratories, Admiral Corporation, RCA, General Electric Company, 
Philco Corporation, Sentinel Radio Corporation and Radio Elec-

tronics Magazine. 

Coyne definitely cautions any inexperienced individual against 
attempting to service a Television receiver. While certain adjustments 
for a better picture can be made from the "dials on the front" under 

no circumstances should anyone but a qualified TV serviceman 
attempt to service a television set. Even qualified servicemen are ad-
vised to observe the following precautions. 

1. Extreme caution should be taken in handling the picture 
tube. The mounting of picture tube is usually constructed 
to provide adequate protection against implosion while 
the tube is in the receiver. Extreme caution is recom-
mended when removal or installation of a picture tube is 

necessary. Here are several things to keep in mind. 

2. Shut off power. 

3. At no time rest the tube in the deflection yoke. 

4. Wear heavy gloves and shatterproof glasses. 

5. Advise everyone except qualified servicemen to stay at 
least 8 feet away from the set while the installing or re-
moval of a picture tube is being done. 

In any probing or testing in any part of the set it is recommended 
that (a) well insulated wire and hooded test clips be used; (b) use 
good test instruments with all lead wires adequately insulated for the 
voltages to be encountered. You should use extreme caution in work-

ing in or near the high voltage section; (c) do not take anything for 
granted—test everything—that is the only way to be sure. 



Fig. 1314.—Sors, Sloping. 

The bars change their degree of slope, their number, and their 
positions as the horizontal hold control is altered. 

Causes for trouble. 

Horizontal hold *control incorrectly adjusted. 

Faulty connections, resistors, or capacitors in circuits for horizontal 
hold control or for horizontal automatic control of sweep frequency. 

See also troubles listed under Movement, Horizontal. 

Fig. 131-16.—Linearity Poor, Vertical 

With poor vertical linearity the pattern or picture is compressed or 
flattened from above, below, or from both directions. 

Causes for trouble. 

Vertical linearity control wrongly adjusted. 

Defective capacitors or resistors, fixed or adjustable, in vertical 
linearity control circuits. 

Vertical sweep oscillator tube defective, or supplied with wrong 
voltages. 

Vertical sweep amplifier tube defective, or supplied with incorrect 
voltages. 

Trouble in any parts which follow the vertical sweep oscillator, and 
which carry sawtooth voltages and currents. 

Vertical sweep output transformer defective. 

Shorted turns in a vertical deflection coil. 

Poor filtering of low-voltage B-power supply. 



FOLDS, HORIZONTAL. Figs. 8 and 9. 

Only part of the picture or pattern is 
clearly recognizable, although more or less 

distorted and compressed horizontally. The 

remainder, usually less than half, appears to 

be stretched horizontally and folded back 
over the first portion. The folded part is 

indistinct, usually with only shadowy out-

Fig. 8. The pattern is folded horizontally. 

lines. There may be only one fold (Fig. 8) 

or there may be several (Fig. 9) to give the 

distinct portion of the picture a corrugated 

appearance. 

The horizontal retrace time, due to dis-
charge of the sawtooth capacitor in the hori-

zontal oscillator-discharge tube circuit, 

actually is longer than the time allowed for 
horizontal retrace in received signals. The 

folded portions of pictures, which are indis-

tinct and shadowy, occur during periods in 
which the picture tube beam should be blanked. 

Damper Tube And Circuit. 

Tube defective. 

Capacitor on low-side circuit of damper 
open or disconnected. 

Linearity control inductor in damper 

circuit shorted, otherwise defective of wrong 
type or wrong inductance. 

Lead from horizontal output transformer 
and damper to the deflecting yoke has poor 

connections or is allowing leakage of current 
through faulty insulation. 

Damper plate or cathode, depending on 
type of circuit, connected to a tap on the hor-

izontal output transformer at which horizon-

tal pulse voltages are not strong enough for 
rapid damping and retrace. 

Boosted B-voltage to the horizontal out-

put transformer and amplifier plate too low. 

Frequency Control Circuits. 

Fig. 9. One large horizontal fold and several 
minor ones. 

Mc tube weak or otherwise defective. 

Mc control misadjusted. This is a con-

trol which operates in the circuits of the afc 

tube, or between that tube and the horizontal 

oscillator. 

Too much resistance in the grid return 

lead of the horizontal output amplifier. 

Too much capacitance has been con-
nected across part of the horizontal output 

transformer or across a width control induc-

tor when increasing the width of pictures. 

Unbalance in resistors on the two sec-

tions of a horizontal phase detector or dis-

criminator, or resistors connected wrong. 

Insufficient feedback to afc tube from 

horizontal sweep circuit. Series capacitor 

too small, or shunt capacitor too large. 
Series resistor too great, or shunt resistor 

too small. The feedback lead may be con-

nected to the wrong point on the horizontal 

output transformer or other parts of the 

sweep circuits. 

Vertical hold control fixed resistors or 
potentiometer of wrong values or defective. 



Fig. 131-16.—Linearity Poor, Vortical 

With poor vertical linearity the pattern or picture is compressed or 
flattened from above, below, or from both directions. 

Causes for trouble. 

Vertical linearity control wrongly adjusted. 

Defective capacitors or resistors, fixed or adjustable, in vertical 
linearity control circuits. 

Vertical sweep oscillator tube defective, or supplied with wrong 
voltages. 

Vertical sweep amplifier tube defective, or supplied with incorrect 
voltages. 
Trouble in any parts which follow the vertical sweep oscillator, and 

which carry sawtooth voltages and currents. 

Vertical sweep output transformer defective. 

Shorted turns in a vertical deflection coil. 

Poor filtering of low-voltage B-power supply. 

Fig. 131-13.—Ghosts. 

There are multiple images in the test pattern or picture. The dis-
placed images, of which there may be one or more, may be so close to 
the principal image or may be so faint as to cause only a blurring effect. 
In other cases the displaced images may be at a considerable fraction 
of inch from the principal image, and may be distinct. 

Causes for trouble. 

Part of the transmitted signal is being reflected from large conductive 
or semi-conductive objects, such as buildings, bridges, tanks, or steep 
hills, and the reflected portion is reaching the receiver antenna a 
fraction of a second later than the direct signal. Try rotating the 
receiving antenna to reject the reflected signal without too much loss 
of direct signal. Fit a reflector, and possibly also a director, on the 
antenna. Try the antenna in various locations. 

Incorrect matching of impedances between antenna and transmission 
line, or between transmission line and receiver input. There are stand-
ing waves on the line. Use antenna and transmission line whose 
impedances match that of the receiver and of each other. 



Fig. 1314.—Centering incerrad. 

Picture or pattern may be too high or too low, incorrect vertical 
centering, or it may be too far to the right or left, incorrect horizontal 
centering, or there may be incorrect centering in both directions at 
once, as in the photograph. 

Causes for trouble. Magnetic deflection. 
Focusing control wrongly adjusted. 
Ion trap magnet in wrong position on picture tube neck, or weak. 
Horizontal hold control misadjusted. 
Focusing coil axis direction requires adjustment. Should be in line 

with picture tube axis. 
Focusing coil too far forward or back. Usually should be Vi to 3/8 

inch from the deflection yoke. 
Focusing coil short circuited. 
Deflection yoke too far back on neck of picture tube, or not centered 

around neck. 
Defective bypass capacitor on focusing control. 
Causes for trouble. Electrostatic deflection. 
Centering control or controls wrongly adjusted. 
Horizontal hold control misadjusted. 
Picture tube shield magnetized. 
Leaky capacitor or capacitors between outputs of deflection ampli-

fiers or oscillators and the picture tube deflection plates. 

fig. 131-30.—Tilting In Mask. 

Causes for trouble. 

Incorrect position of magnetic deflection yoke. Loosen the yoke fasten-
ing while rotating the yoke around the picture tube neck to straighten 
the pattern. 

Incorrect position of electrostatic tube. Rotate the entire tube around 
its axis to straighten the pattern. 



Fig. 131-18.—Lines, Narrow, Allover Pattern. 

Due to beat interference from radio frequency and television fre-
quency signals or voltages originating from outside or within the 
receiver. The number of cycles per second of the interfering frequency 
is equal approximately to the number of lines, either light or dark, 
but not both, multiplied by 15,750. The lines may lie vertically or 
diagonally on the picture tube screen. They weave or ripple and 
change their direction. 

Causes for trouble. 
Interference from f-m radio broadcasting stations operating in the 

area where the receiver is located. Change the direction of the receiving 
antenna. Tune an antenna trap to the interfering frequency. Check 
the transmission line for possible signal pickup. 

Interference from nearby short-wave transmitters. Same remedies as 
for f-m interference. 

Interference from television channels other than the one to which 
the receiver is tuned. Try adjusting the fine tuning control. 

Beating frequency of 4.5 megacycles from sound section of a receiver 
having intercarrier. sound system, or getting past the sound takeoff and 
reaching the picture tube grid cathode circuit through all or part of 
the video amplifier. Check dressing of all grid and plate leads following 
the takeoff. 

Fig. 131-12.—Folded Pattern, Vertically. 

Causes for trouble. 

Vertical hold control incorrectly adjusted. 

Faults in vertical hold control circuit causing vertical deflection 
frequency which is too high. 



SECTION V 

Waveforms 

The preferred method of analyzing the operation of a TV 
receiver is through the use of an oscilloscope. The waveforms 
reproduced in this Section are typical of those found in a 
well-performing commercial receiver. It must be understood 
that circuit variations exist between different manufacturers 
and that the waveforms obtained will be dependent upon 
these circuit variations as well as the signal conditions and the 
quality of the oscilloscope being used. 

Fig. 139-1. 

Fig. 139-1: Taken at the top of the video detector load 
resistor. This is the output of the video detector and the input 
to the grid circuit of the video amplifier. Here appears the 
entire composite television signal with picture variations, 
positive, at the top and with sync pulses, negative, at the 
bottom. Two vertical blanking intervals are plainly visible 
between the fields. During each blanking interval there ap-
pear in oider, from left to right, the equalizing pulses which 
follow one field, then the vertical sync pulses at the bottom-
most points along the trace, and finally the remaining equal-
izing and horizontal sync pulses which precede the next field. 

•1 , 

4:  4411't1111i111' %». 

Fig. 139-2. 

1,01111311:01 

Fig. 139-2: Taken at the plate of the video amplifier tube. 
Here again is the complete compositive signal, but now the 
polarity has been inverted to make sync pulses positive and 
picture variations negative. This waveform is applied to the 
cathode of the picture tube, which is the point of signal input 
to the picture tube of this particular receiver. 



Fig. 1394. 

Fig. 139-3: Taken at the grid of the first tube in the sync 
section, which is a sync amplifier. The signal shown here comes 
from the output of the video amplifier, and accordingly is 
of the same polarity and' has the same general characteristics 
as shown in Fig. 139-2. 

Fig. ;39-4. 

Fig. 139-4: Taken at the plate of the sync amplifier tube. 
The polarity has been inverted with respect to polarity in 
Fig. 139-3. The peak-to-peak voltage of this amplifier output 
waveform actually is about four times as great as voltage at 
the input to the tube. 

fig. 139-5. 

Fig. 139-5: Taken at the plate of the second tube in the 
sync section, which is operated as a separator. Picture varia-
tions have all but disappeared from the signal, while the 
vertical sync pulses have been retained. Polarity has not been 
inverted, because signal input is to the cathode rather than 
the grid of this separator. 



Fig. 139-6. 

Fig. 139-6: Taken at the plate of the third tube in the sync 
section, which is operated as a clipper. Polarity has been 
inverted with respect to that of Fig. 139-5. Vertical sync pulse 
voltage peaks have become very pronounced. This is the sig-
nal which goes to the integrating filter located between the 
sync clipper and the input for the vertical sweep oscillator. 

Fie. 139-7. 

Fig. 139-7: Taken at the grid of the vertical sweep oscil-
lator, which is a blocking type. Note the sudden changes of 
potential in the negative direction, downward on the trace, 
as the oscillator blocks. Then comes the quick partial recovery 
in the positive direction and the more gradual change pre-
ceding the positive peak that triggers this oscillator. 

Re. 13941. 

Fig. 139-8. Taken at the grid of the vertical sweep amplifier 
which follows the vertical oscillator. This is the sawtooth 
voltage combined with negative (downward) peaks as re-
quired for magnetic deflection. 



Fig. 139-9. 

Fig. 139-9: Taken at the plate of the vertical sweep ampli-
fier. Polarity has been inverted with respect to the previous 
trace, taken at the grid of the same tube. Peak-to-peak voltage 
here is about 18 times as great as at the grid. 

Fig. 139-10: This final trace for the vertical deflection sys-
tem is taken from the circuit which includes the secondary 
winding of the vertical output transformer and the two ver-

Fig. 139-10. 

tical deflection coils of the yoke on the picture tube. Peak-
to-peak voltage is between one-ninth and one-tenth of that 
at the plate of the vertical sweep amplifier, which connects 
to the primary of the output transformer. 

Traces which are to follow in Figs. 139-11 to 139-24 are 
taken with the internal sweep of the oscilloscope adjusted 
for 7,875 cycles per second or to the frequency which pro-
duces two horizontal line periods. 

Fig. 139-12. 

Fig. 139-12: From the plate of the video amplifier tube. 
Except for inversion of polarity this trace is similar to the 
one taken from the grid of this tube. Peak-to-peak voltage 
has been increased about nine times. 



Fig. 139-13. 

Fig. 139-13: From the grid of the sync amplifier, the first 
tube in the sync section. This signal comes from the output 
of the video amplifier, and is of the same polarity as in Fig. 
139-12. 

Fig. 139-14. 

Fig. 139-14: From the plate of the sync amplifier. Polarity 
has been inverted. Voltages for picture variations have very 
nearly disappeared, while horizontal sync pulses have become 
distinct. 

fig. 139-15. 

Fig. 139-15: From the plate of the sync separator tube. 
Only the horizontal sync pulses now remain. There has been 
no inversion of polarity, due to use of cathode input to this 
tube. 



Fig. 139-16 

Fig. 139-16: From the plate of the sync clipper tube. This 
waveform is the input to the differentiating filter located 
between the clipper and the horizontal oscillator control tube 
of the horizontal afc system. 

Fig. 139-17. 

Fig. 139-17: From the top (ungrounded side) of the lock-
in control capacitor in the grid circuit of the control tube 
of the horizontal afc system. This voltage results from com-
bination of the output from the differentiating filter and a 
feedback voltage from the horizontal sweep output circuit, 
as required for this method of oscillator control. The wave-
form shown here is taken while a transmitted television sig-
nal is being received. The sharp or narrow positive peaks 
represent synchronizing voltages which result from horizon-
tal sync pulses in the signal. 

Fig. 139-18. 

Fig. 139-18: This is the same as the previous trace, except 
that it is taken while no transmitted signal is being received. 
Note the absence of positive synchronizing peaks at the tops 
of the sawtooth portions of the wave. 



SECTION VI 

Typical Schematic Diagrams 

The Radio and Television diagrams reproduced here are 
Photo Fact Standard Notation Schematics (*) prepared by 
the Howard W. Sams & Co. Inc. These diagrams appear 
regularly in Photo Fact Folders (t) as a part of the complete 
service data furnished by the Howard W. Sains & Co. Inc. The 
sets of Photo Fact Folders are sold by Electronics Parts Dis-
tributors in all sections of the world and the diagrams are 
reproduced in this brochure as typical of the finest type of 
data available for service purposes. 
The diagrams are arranged alphabetically by name of set; 

ADMIRAL, AIRLINE, BENDI X, etc. Diagrams on several 
dozen of the most popular TV sets in the country are included 
in this section. 

'Copyright 

1-Trade Mark 
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4 - Nominal tolerence on component values males poasible a 
variation of -15% le voltage and renistaace readings. 

- Volante control at maximum, no signal 'pend for voltage 
easaaarernente. 
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•1 
410,, 

GENERAL ELECTRIC 614, 615 

I. LX Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at II' volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

10% in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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ALL MEASUREMENTS TAKEN IN "BAND 1" POSITION 
ALL MEASUREMENTS TAKEN IN "AM" POSMON UNLESS OTHERWISE SPECIFIED 
• MEASURED IN "CW" POSITION 
t MEASURED FROM PIN 8 OF VS 
à TAKEN WITH VACUUM TUBE VOLTMETER 

HALL ICRAFTERS - S 38C (RUN 2) 

I. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance ou component values makes possible • variation of 

4- 10% in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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I. DC Voltage measurements are at 20,000 ohms per volt: AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

1096 in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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1. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1.000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
S. Nominal tolerance on component values makes possible a variation of 

4- 10* in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-

ments. 
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I. DC voltage measurements are at 20,000 ohms per roll, AC voltages 
measured at 1000 ohms per volt. 

2- Socket connectioas are shown as bottom views. 
3- Meiteured value, are from socket ins to common negative. 
4-Llm voltage maintained at 117 volts for voltage readings. 

5-Nominal tolerance on component values makes possible a variation of 
• 15.6 In voltage and resistance readings. 

th notions control at maitimum, no signal applied for voltage measure-
ments. 
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1. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

--I- 10% in voltage and resistance readings. 
6. Volume control at maximum, no signal applied for voltage measure-
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1. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1.000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

10% in voltage and resistance readings. 
6. 'Volume control at maximum, no signal applied for voltage measure-

ments. 
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I. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

-4- 10% in voltage and IVIIKSISCC readings. 
6. Volume control at maximum no signal applied for voltage measure-
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1. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from pocket pin to common negative. 
4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 
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I. DC Voltage measurements are at 20,000 ohms per volt; AC Voltages 
measured at 1,000 ohms per volt. 

2. Socket connections are shown as bottom views. 
3. Measured values are from socket pin to common negative, 

4. Line voltage maintained at 117 volts for voltage readings. 
5. Nominal tolerance on component values makes possible a variation of 

--, 10% in voltage and resistance readings. 

6. Volume control at maximum, no signal apphed for voltage measure-
ments. 
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